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Abstract

Background Social anxiety and social jetlag are major public health concerns. However,
research examining the developmental trajectories of social anxiety and their relation to
social jetlag is still lacking. Given the high comorbidity of depressive symptoms among
socially anxious people, it is conceivable that social anxiety is associated with social
jetlag indirectly through depressive symptoms. This study investigated the relationship
between social anxiety trajectories and social jetlag and the mediating role of depressive
symptoms on such pathways.

Methods Data were from 1,253 participants from the Child and Adolescent Behaviors in
Long-term Evolution (CABLE) project across age 7 to age 22 in northern Taiwan. Group-
based trajectory modeling, binary logistic regression, and mediation analyses were
applied to examine distinct social anxiety trajectories from middle childhood to young
adulthood and the association between these trajectory groups and social jetlag.
Mediation analyses were conducted to understand the mediating role of depressive
symptoms in such a relationship.

Results Participants exhibited five patterns of social anxiety trajectory, including “low
stable” (49.16%), “moderate increasing” (21.23%), “moderate to low” (16.92%), “high
stable” (7.34%), and “high increasing” (5.35%). Despite marginal significance, socially
anxious individuals in the “high stable” group are more likely to develop social jetlag
than those in the “low stable” group (OR=1.62, p=0.06). Depressive symptoms mediated
the association between the “moderate increasing” (OR=1.06), “moderate to low”
(OR=0.97), and “high increasing” (OR=1.05) social anxiety trajectories and social jetlag
(p<0.05).

Conclusion This study found marginal significant results on higher social jetlag risk

among individuals with highly stable social anxiety trajectories. Novel findings suggest
4
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depressive symptoms mediate the association between social anxiety trajectories and
social jetlag, particularly the “moderate increasing”, “moderate to low” and “high
increasing” patterns. These results emphasize the need for restraining the long-term
effects of social anxiety and highlighting the role of social anxiety in sleep health

promotion among young adults. The presence of depressive symptoms should be

considered for future research and intervention designs.

Keywords: Social anxiety; group-based trajectory; social jetlag; depressive symptoms;

mediation
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Chapter 1 Introduction

1.1 Research background and motivation

Humans are inherently social beings. Being social is inevitable; whether we are family
members, friends, students, or workers, each role requires us to interact with others. So-
cial interactions start ever since we are young and are deeply embedded in our everyday
life. We connect with others through socializing, and these interactions affect how we
build relationships with people. Social connections fulfill the third level of Maslow's Hi-
erarchy of Needs (i.e., love and belongingness) and impact our health and well-being
(Maslow, 1943). Socializing is normal to us, but sadly, it is not the case for some people.

Individuals with social anxiety may be distressed even in these day-to-day social events.

Social anxiety is an excessive and persistent fear of being judged by others in social situ-
ations (M. B. Stein & Stein, 2008). It is a critical mental health issue that can cause harm
to our physical, mental, and social health, disrupting our lives in many ways, including
our daily activities, interpersonal relationships, social life, and even our quality of life.
Social anxiety is a common disorder normally occurring during late childhood or adoles-
cence, with a mean age of onset at 13. However, studies suggest that some individuals
might develop this disorder at an earlier period or maybe later. Children may develop
early-onset social anxiety as young as six years of age, and surprisingly, young adults
aged 18 to 24 may be at risk, too (Hirshfeld-Becker et al., 2007; Jefferies & Ungar, 2020;

Wittchen et al., 1999).

While most studies asserted that social anxiety lessens as individuals aged, some argued
otherwise (Campbell, 1996; Kessler et al., 2005). These inconsistencies might, on the

other hand, suggest diversity and dynamic progression of social anxiety over time (Nandi
12
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et al., 2009). However, empirical study on the developmental trends of social anxiety is
scarce. Herein, the use of trajectory analyses may be beneficial to understand the hetero-

geneity in the development of social anxiety.

Developmental trajectory analysis is widely used to identify changes in a particular phe-
nomenon over time (Nagin, 1999). Social anxiety trajectory analyses are conducted in
prior studies, and heterogeneous patterns have been identified for children, adolescents,
and young adults. Three to five distinct trajectories are found in previous works; however,
most of them focused on a specific age group with a limited span of 6 to 7 years (Chang
et al., 2010; de la Torre-Luque et al., 2020; Miers et al., 2013). Few analyzed the trajec-
tories of social anxiety across childhood and adolescence, much less till early adulthood.
To the best of my knowledge, only one study from the Netherlands has examined social
anxiety trajectories in a cross-age group sample of children aged 9 to young adults aged

21, which remarkably spanned 12 years (Miers et al., 2013).

Moreover, the majority of research is performed in Western countries. There is a relative
lack of evidence on social anxiety trajectories among the Asian or Taiwanese population.
Only one domestic study analyzed similar courses among individuals aged 10 to 17 in
Taiwan (Chang et al., 2010). Social anxiety trajectories of those before age 10 and after
age 17 are not investigated. Clearly, the developmental nature of social anxiety from

childhood to young adulthood among the Taiwanese population is understudied.

Due to repetitive negative thinking and rumination, people with social anxiety often have
insomnia and poor sleep quality (Buckner et al., 2008; Horenstein et al., 2019; Staner,

2003). Subsequently, feelings of nighttime restlessness, daytime sleepiness, fatigue, and

13
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sleep debt pile up due to sleep loss (Pillai & Drake, 2015). To compensate for lack of
sleep during the week, one would sleep longer on weekends when they have more free
time away from school and work obligations. Indeed, accumulating sleep debt is not
equivalent to being tired, and some people may even adapt to chronic sleep loss (Van
Dongen et al., 2003). However, this is not always the case. In general, sleeping in on
weekends remained a common approach to catching up on lost sleep, albeit the ongoing

debate whether catchup sleep could counteract compromised sleep (Leger et al., 2020).

Therefore, social phobics may experience a weekday-to-weekend sleep difference, other-
wise known as social jetlag. It is defined as the discrepancy between the midpoints of
sleep on work and free days (Wittmann et al., 2006). Social jetlag is a universal problem
that may contribute to various health and behavioral issues, including mood disorders and
impaired job performance. Social jetlag occurs across age groups but is more prevalent
among the younger population (Wittmann et al., 2006), particularly among adolescents
and early adulthood. Nevertheless, the latter age group is rarely discussed, not to mention

the relationship between social anxiety trajectories and social jetlag in young adulthood.

Besides sleep problems and potential social jetlag issues, depressive symptoms are an-
other main concern for socially anxious individuals. Ample evidence showed the co-oc-
etal., 2011; Van Ameringen et al., 1991). Based on the fact that people with social anxiety
fear negative evaluations by others (Hirsch et al., 2004), they are more likely to avoid
direct social contact, hence, less likely to maintain or even establish social relationships
(S. M. Turner et al., 1986). This inability may lead to alienation by others and, in the long

term, deepen their feelings of rejection, loneliness, and social isolation (Oren-Yagoda et

14
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al., 2022; Rapee & Spence, 2004; Teo et al., 2013), all of which are known to increase

chances of depressive symptoms (M. B. Stein et al., 1990).

Theoretically, socially anxious individuals with comorbid depressive symptoms may ex-
perience poorer sleep than those without depressive symptoms, as hyperactivity of the
hypothalamic-pituitary-adrenal (HPA) axis was persistently found among depressive
people (Vreeburg et al., 2009). Elevated secretion of cortisol (stress hormone) from the
HPA axis causes an abnormal stress response and may worsen sleep disturbance (Ro-
denbeck & Hajak, 2001; Spiegel et al., 1999). In addition to the sleep problems that arise
from social anxiety, it is possible that depressive symptoms may aggravate the negative
cycle of poor sleep aforementioned above. Therefore, people with social anxiety and
comorbid depressive symptoms might opt to reduce sleep deficits by extending their sleep
duration, especially during free time and on weekends, thus, more likely to develop social

jetlag.

One finding also suggested the potential mediating role of depressive symptoms. A study
by Buckner et al. (2008) investigated the mediating role of depressive symptoms in the
effects of social anxiety and sleep-related outcomes (i.e., insomnia) and found that so-
cially anxious individuals were more vulnerable to the risk of depressive symptoms, re-
sulting in poorer sleep. Given the evidence available and that depressive symptoms are
an established risk factor for sleep problems, it is conceivable that social anxiety is asso-
ciated with social jetlag indirectly through depressive symptoms (Buysse et al., 2008;
Soehner et al., 2014). However, little is known about the potential mediating role of de-

pressive symptoms in the link between social anxiety and social jetlag. In sum, there is a

15
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need to examine the association between social anxiety trajectories and social jetlag, with

depressive symptoms as a mediator.

1.2 Research importance & research objectives
To address the gaps in the literature, including (1) the scarce evidence on the
developmental trajectory of social anxiety from childhood to early adulthood among
Taiwanese; (2) the possible yet unexplored relationship between social anxiety
trajectories and social jetlag during young adulthood; and (3) the lack of research on the
mediating role of depressive symptoms in the link between such association. Therefore,
this study aims to:
1. Analyze the developmental trajectories of social anxiety across middle childhood
to young adulthood;
2. Demonstrate the relationship between social anxiety from middle childhood to
young adulthood and social jetlag in young adulthood;
3. Explore the mediating role of depressive symptoms on the relationship between

social anxiety trajectories and social jetlag.

Results from this study will enhance our understanding of longitudinal changes in social
anxiety on social jetlag and may provide valuable insights into developing effective
strategies to decrease social jetlag. For instance, if depressive symptoms are an
established mediator, interventions targeting highly comorbid depressive symptoms could

yield promising outcomes.

1.3 Research questions

The present study’s questions are:

16
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1. What are the patterns of social anxiety trajectories from childhood to young
adulthood?

2. Is there an association between the developmental trajectories of social anxiety
from childhood to early adulthood and social jetlag during young adulthood?

3. Do depressive symptoms mediate the relationship between social anxiety and

social jetlag?

1.4 Research hypotheses
Based on the above research questions, this study hypothesizes:
1. Individuals with social anxiety from middle childhood to young adulthood ex-
hibit distinctive trajectory patterns.
2. Individuals with higher trajectories of social anxiety are more likely to de-
velop social jetlag during young adulthood.
3. Individuals with higher social anxiety trajectories are more likely to have
higher depressive symptoms, leading to a higher probability of developing so-

cial jetlag.

17
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Chapter 2 Literature review

2.1 Social anxiety

2.1.1 Historical evolution of social anxiety

Social anxiety is initially known as social phobia in the early 1900s. Until that time,
social anxiety was not officially recognized as a disease. Historical evolution of
social anxiety can be traced back to 400 B.C., over 2400 years ago, when ancient
Greek physician Hippocrates first described such a condition as shyness. Later in
1903, French psychiatrist Pierre Janet introduced the term social phobia (phobie des
situations socials) and proposed an individual classification among other phobias.
In between that time, social phobia remained undiagnosed. People would
experience anxiety and fear in social situations but would not be diagnosed or
treated for it. It was instead considered a personal weakness or shyness, and

individuals were expected to overcome their fears independently.

In 1987, the American Psychological Association (APA) officially recognized
social phobia as a mental disease. It is defined as “persistent fear of one or more
situations in which the person is exposed to possible scrutiny by others and fears
that he or she may do something or act in a way that will be humiliating or
embarrassing” (American Psychiatric Association, 1987). Diagnostic criteria of
social phobia in the revised third edition of the Diagnostic Statistical Manual of
Mental Disorders (DSM-III-R) can be found elsewhere (American Psychiatric
Association, 1987). Decades after the introduction of social phobia, social phobia
was renamed as social anxiety disorder (SAD) in the fourth edition of the
Diagnostic and Statistical Manual of Mental Disorders (DSM-1V) in 1994

(American Psychiatric Association, 1994).
18
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2.1.2 Definition and diagnostic criteria of social anxiety and its measurements
Social anxiety, also known as social anxiety disorder (SAD) or social phobia, is
characterized by excessive and persistent fear or anxiety in social
situations (American Psychiatric Association, 2013). Social anxiety has been
officially classified as a psychiatric condition since 1980 and is an anxiety disorder.
According to the fifth edition of the Diagnostic and Statistical Manual of Mental
Disorders (DSM-5), individuals with social anxiety may experience symptoms
including (1) intense fear or anxiety of being scrutinized by others during social
situations; (2) feeling anxious or scared at almost every social situation; (3)
tendency to avoid social situations or endure with an intense feeling of distress; (4)
persistent fear, anxiety, and avoidance for at least six months; (5) overwhelming
fear, anxiety, or avoidance that affects social, work, and other aspects of life; (6)
unreasonable fear of social events that posed no actual harm; and (7) symptoms not
attributable to any physical or mental condition. Other than the diagnostic criteria
stated in various editions of DSM, instruments for the assessment of social anxiety
include Liebowitz Social Anxiety Scale (LSAS), Social Phobia Scale (SPS), Social
Phobia and Anxiety Inventory (SPAI), Social Interaction Anxiety Scale (SIAS), and

Social Phobia Inventory (SPIN) (Q. Wong et al., 2016).

According to the fourth edition of DSM, social anxiety can be categorized into two
distinct subtypes: generalized and non-generalized social anxiety. Individuals with
generalized social anxiety fear most or all social situations, whether formal or
informal (Hofmann et al., 1999). Specifically, individuals must experience
moderate anxiety levels in four cases: formal social interaction, informal social

interaction, observation by others, and assertive communication (Holt et al., 1992).

19
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The generalized subtype is associated with substantial impairment across domains
and increased risk for psychiatric comorbidity (Kessler et al., 1998). On the contrary,
those with non-generalized forms fear only one or a few particular social settings,
such as performance-related situations like public speaking (Furmark et al., 1999;
Moutier & Stein, 1999; S. M. Turner et al., 1992). Differentiation between
generalized and non-generalized social anxiety can be done based on the specific
number or types of social situations feared, the difference in biological patterns, or

scores of measurement scale (Norton et al., 1997; Vriends et al., 2007).

2.1.3 Developmental trajectories of social anxiety

Developmental trajectories depict the change in behavior over time. Trajectory
analyses can aid a better understanding of the long-term trends in social anxiety and
its influence on health. Based on an extensive literature search, studies specifically
exploring the developmental trajectory of social anxiety were limited, and most
were conducted in Western countries like the United States, Canada, and the
Netherlands. To the best of my knowledge, only one study by Chang et al. (2010)

explored social anxiety trajectories among Taiwanese adolescents.

A U.S. study by Feng et al. (2008) identified four distinct trajectories of anxiety
symptoms among 290 boys aged 2 to 10: low, low increasing, high declining, and
high increasing. Mainly, the low group consisted of continuous low anxiety
symptoms; the low-increasing and high-increasing groups showed a rapid increase
from age 3 onwards. A five-wave longitudinal study by Crocetti et al. (2009)
discovered two latent classes of anxiety (low and high anxiety) among two

adolescent cohorts aged 10 to 15 and 16 to 20. Specifically, the low and high anxiety

20
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classes consisted of adolescents who experienced persistently low levels and high
but gradually increasing levels of anxiety, respectively. Notably, out of a middle-
sized sample of 1,199 people, the high anxiety class comprised only a small 8.9%

of the sample.

A Canadian secondary data analysis by Duchesne et al. (2008) distinguished four
anxiety trajectories (low, moderate, high, and chronic anxiety) among 1,817
Canadian preschoolers. Compared to the relatively flat moderate or high group, the
low group displayed a gradually decreasing pattern, while the chronic group
appeared to fluctuate. Another study also by Duchesne et al. (2010) identified four
but rather different patterns than their previous investigation using group-based
trajectory modeling (low, low increasing, high declining, and high anxiety groups).
The low and high declining groups were fairly stable after a steep increase and
decrease, respectively, at grade one age. The low increasing group increased
remarkably since grade one, while the high anxiety displayed a wavering pattern on

top.

As for the social anxiety-specific study, a multilevel growth curve analysis by Van
Oort et al. (2009) revealed two patterns of social anxiety (moderate increasing and
high stable) using three-wave adolescent samples aged 10 to 18. Both patterns
exhibited a decreasing start and subsequent increasing pattern after mid-
adolescence. A U.S. six-wave study by Marmorstein et al. (2010) identified five
trajectory groups among six girl-specific cohorts aged 5 to 13 (low, low increasing,
moderate, moderate decreasing, and high). In particular, low increasing, moderate,

moderate decreasing, and high decreasing showed sharp increases or decreases in

21
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social anxiety symptoms compared to the relatively stable high group. A four-wave
study by Broeren et al. (2012) found four social anxiety trajectory patterns (stable-
low, stable-medium, stable-high, stable-very high) in 224 Dutch children aged 4 to
11 using parents-reported measurements. The latter three group-based trajectories
demonstrated a slightly decreasing social anxiety pattern since the start. Conversely,
the stable-low trajectory was relatively flat. Miers et al. (2013) identified three
distinct social anxiety trajectories (low stable, more decreasing, and high changing)

in a small sample of 331 Dutch people using latent class growth modeling (LCGM).

2.1.4 Social anxiety and its impact on sleep

Social anxiety is a common mental disease that affects millions of people
worldwide. It is the third most common mental disorder after major depressive
disorder and alcohol use disorder (Kessler et al., 2005). According to the data from
the National Comorbidity Survey Replication (NCS-R), social anxiety is a critical
mental health issue with a global prevalence rate of 36% and a lifetime prevalence
rate ranging from 4% to 12.1% (Grant et al., 2005; Jefferies & Ungar, 2020; Kessler
et al., 2005; D. J. Stein et al., 2017). Although social anxiety usually begins during
adolescence, some might develop such a disorder early. Prevalence rates for
childhood and adolescent social anxiety disorder were 3 to 6.8% and 0.5% to 9%,

respectively (Hitchcock et al., 2009).

Social anxiety can impact us every day in many ways. In everyday life, persistent
and excessive fear of social situations may jeopardize one’s relationship with others.
Symptoms of fear are particularly evident during social interaction with strangers

(Kearney, 2006). Daily activities like buying groceries, going to work, or having in-
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class discussions may be affected, as interacting with unfamiliar or unknown people
is sometimes unavoidable. Our everyday life, including school, work, and overall
quality of life, can be substantially impaired (Leary & Kowalski, 1997; N. Wong et

al., 2012).

Besides wellbeing, social anxiety is well known for its debilitating effects on health.
The impact of social anxiety on physical health can be significant, with research
suggesting that social anxiety is associated with various adverse health outcomes.
A large number of studies reported that social anxiety is associated with a high
comorbidity with other mental health diseases like depression, alcohol abuse,
substance use, and even suicide (Lecrubier & Weiller, 1997; Lépine & Pélissolo,
1996; Schneier et al., 1992; Van Ameringen et al., 1991). Especially,
epidemiological findings demonstrated frequent co-occurrence of social anxiety
and depression (Ohayon & Sagales, 2010; M. B. Stein et al., 2001). Also, elevated

mortality risk among socially anxious individuals is revealed (Meier et al., 2016).

Sleep is notably affected by social anxiety. People diagnosed with social anxiety
commonly exhibit sleep problems like insomnia, poor sleep quality, and frequent
sleep disturbances, probably due to habitual negative thinking and recurring fears
(Staner, 2003; M. B. Stein et al., 1993). These sleep disturbances may be
attributable to the extreme fear of social situations that cause heightened arousal
and vigilance, making it harder to relax and fall asleep (Mellman, 2006). Insomnia

and sleep fragmentation may eventually occur, disrupting the sleep-wake cycle.
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Based on the sleep problems triggered by social anxiety, for instance, hyperarousal
and insomnia, it is plausible to assert that social anxiety may contribute to social
jetlag (Bonnet & Arand, 2010). As sleep dictates one's energy level, socially anxious
people with poor sleep may unknowingly accumulate sleep debt and would have to
pay them off during weekends. In this case, sleeping in on the weekends would
eventually lead to social jetlag. On the other hand, lack of sleep can worsen
symptoms of social anxiety, creating an endless loop of social anxiety, sleeplessness,
catchup sleep, and social jetlag (Babson et al., 2011). Sadly, no study has examined
the association between social anxiety and social jetlag. Research on their

relationship is very much needed.
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2.2 Social jetlag

2.2.1 Definition and development of social jetlag and its measurements

Before clocks and artificial light were invented, human ancestors slept after sunset
and woke up during sunrise. Their active and rest times were determined by their
biological clock - an inborn mechanism that regulates the 24-hour biological
rhythms of all living things (Kreitzman & Foster, 2011). This particular mechanism,
widely known as circadian rhythm, was first discovered in plants by French
chronobiologist Jean-Jacques d'Ortous de Mairan in 1727. This novel discovery
then laid the foundation of modern chronobiology. Research on circadian rhythm
has gained interest in recent years due to the growing understanding of its
importance on health. Unfortunately, it has become increasingly evident that the
misalignment of circadian rhythm is a serious public health concern among adults,

especially young adults (Di et al., 2022; McMabhon et al., 2018).

This misalignment between one's biological and social clocks problem is then
coined as social jetlag (SJL) by chronobiologist Till Roenneberg. It is defined as
'the discrepancy between workdays and free days, between social and biological
time," where workdays and free days resemble one's social and biological time,
respectively (Wittmann et al., 2006). Social jetlag is calculated based on the
absolute difference in the midpoint of sleep between free days (MSFs) and
workdays (MSW) (Wittmann et al., 2006). The adjusted midpoint of sleep during
free days is corrected for sleep debts on work days (i.e., sleep duration on free days
minus average weekly sleep duration). The equation for social jetlag is

demonstrated below.
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SJL = | MSFsc — MSW |

MSFsc = MSF — (SDF — (5 x SDW + 2 X SDF) = 7)

There is no official cut-off point to discriminate against this phenomenon. Social
jetlag has been analyzed in categorical or continuous form (Mathew et al., 2020;
Parsons et al., 2015; P. M. Wong et al., 2015). However, most of the studies have
been categorizing social jetlag using a cutoff value of 1-hour to determine the
presence of social jetlag. Some research dichotomized social jetlag, with <I-hour
as the absence of social jetlag and >1 hour as the presence of social jetlag (Mota et
al., 2021), while others categorized social jetlag in an ordinal matter: <1-hour as
mild or no social jetlag, 1 to 2 hours as moderate social jetlag, and >2 hours as
severe social jetlag (Gamboa Madeira et al., 2021; Jin et al., 2022; Koopman et al.,
2017; Roenneberg et al., 2012; Rutters et al., 2014). Of course, other methods,
including 2-hour threshold or using median social jetlag as a cutoff point, have been
used in previous studies (Hena & Garmy, 2020; Levandovski et al., 2011; Sidy et

al., 2019).

2.2.2 Social jetlag in young adulthood and its impact

Social jetlag is a highly prevalent issue that needs to be addressed. Large scale study
of 65,000 people found that more than two-third of the sample had at least 1-hour
of social jetlag (Roenneberg et al., 2012). Besides that, adolescents and young
adults, especially those with late chronotype, may be at greater risk for social jetlag

(Martinez-Lozano et al., 2020).
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Social jetlag is harmful to human health. It is associated with various physical,
mental health, and behavioral problems. Regarding sleep health, social jetlag may
cause individuals to accumulate sleep debt during the week, increasing the
likelihood of sleep deprivation, daytime sleepiness, and fatigue (Roenneberg et al.,
2004). Furthermore, an irregular sleep schedule attributable to social jetlag may
reduce sleep quality and, at the same time, promote circadian misalignment (Juda
etal., 2013). A growing body of evidence suggests that a disrupted circadian rhythm
can increase the risk of obesity, diabetes, cardiovascular diseases, and other

metabolic issues

Social jetlag is associated with obesity, diabetes, cardiovascular, and other
metabolic diseases (Mota et al., 2021; Parsons et al., 2015; Rutters et al., 2014; P.
M. Wong et al., 2015). Moreover, Henderson et al. (2019) suggested that social
jetlag is detrimental to psychological health and has been linked to depressive
symptoms (Islam et al., 2020). Studies also identified the relationship between
social jetlag and unhealthy behavior, including tobacco and alcohol use, excessive
caffeine consumption, and poor eating habits (Bodur et al., 2021; Haynie et al.,

2018; Mathew et al., 2020; Wittmann et al., 2006).
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2.3 Mediating role of depressive symptoms

Given that social anxiety was highly comorbid with depression, a comprehensive
literature review on the impact of depressive symptoms may be conducive to better
understand the roles of depressive symptoms in the relationship between social anxiety

trajectories and social jetlag.

2.3.1 Definition and diagnostic criteria of depression

For depression diagnosis, the fifth edition of the Diagnostic and Statistical Manual
of Mental Disorders (DSM-5) states that individuals must experience at least five
out of nine evaluation criteria for at least two weeks for depressive symptoms and
one must experience at least five of them for at least two weeks, including (1)
Persistent sadness, anxiousness, and feelings of emptiness; (2) Loss of interest or
pleasure in most activities; (3) Significant unintentional weight loss or gain; (4)
Insomnia or hypersomnia; (5) Psychomotor agitation or retardation: (6) Prolonged
fatigue or loss of energy; (7) Feelings of worthlessness or excessive guilt; (8)
Diminished ability to think or concentrate; (9) Recurrent thoughts of death, suicidal

ideation, or suicide attempts (American Psychiatric Association, 2013).

2.3.2 Depressive symptoms in young adulthood and its impact on sleep

Depression is a health concern, especially for young people. Global burden of this
issue has been alarming. A National Center for Health Statistics 2022 study reported
a greater risk of depressive symptoms among young adults aged 18 to 29 than
middle-aged and older adults (Villarroel & Terlizzi, 2020). Statistics from the

National Institute of Mental Health (NIMH) in 2020 revealed a prevalence rate of
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17% among adults aged 18 to 25. Significantly, depression rates have been

increasing, not only in the United States, but also in other nations.

The health and well-being of tens of millions are at stake due to depression. Sad but
true, depression is the leading cause of disability (Friedrich, 2017). In addition, it
affects the three dimensions of health (i.e., physical, mental, and social), and sleep.
Clearly, depressive people are no stranger to sleep problems like insomnia and
excessive sleepiness, as sleep problem is a prominent symptom of depression

besides depressed mood (Kennedy, 2008; Nutt et al., 2008).

To conclude, based on three reasons: unexamined trajectories of social anxiety from
childhood to young adulthood; the unexplored relationship between social anxiety
trajectories and social jetlag; and the potential mediating role of depressive
symptoms in the link between social anxiety and social jetlag, this present study
would like to examine whether depressive symptoms is a mediator between social

anxiety trajectories and social jetlag among Taiwanese population.
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2.4 Potential covariates

Potential covariates should be considered when examining the relationship between social
anxiety trajectories and social jetlag, for it could affect outcomes of the study. A set of
covariates including sex, parental education, parental income, family structure, family
support, peer support, prior depressive symptoms, and prior social jetlag, were selected.

Each of them was controlled during the analysis.

Previous studies suggested the influence of sex on the developmental course of social
anxiety. Females are more likely to report symptoms of social anxiety than males.
Moreover, individuals from disadvantaged backgrounds, including those living in rural
areas, with low socioeconomic status (i.e., having parents with lower levels of education
and income), are at higher risk of developing social anxiety (Kaplan et al., 2019; Kinge
et al., 2021; Lyneham & Rapee, 2007; Torvik et al., 2020). Family structure is associated
with poorer sleep (Nilsen et al.,, 2022; Troxel et al., 2014). Additionally, research
suggested that individuals with low parental education were more likely to develop social
jetlag. There are several factors for this tendency, including economic instability and
social difficulties faced by low-income households. These individuals may be exposed to
higher stress levels and mental challenges, such as exposure to conflict or violence, which
could further exacerbate symptoms of social anxiety and follow irregular sleep schedules.
Hence, sociodemographic factors like sex, parental education, and parental income

should be considered when discussing social jetlag.

Furthermore, Levine et al. (2015) reported that parent-child emotional closeness is
protective against social anxiety, whereas low family support is a risk factor. Clear

evidence indicates the influences of paternal and maternal behavior on socially anxious

30

doi:10.6342/NTU202302614



children (Bogels et al., 2010). Besides familial factors, poor peer relations are associated
with adverse mental outcomes (Adedeji et al., 2022; de Matos et al., 2003). Evidence
suggested that those with low peer acceptance were more likely to develop social anxiety
and that girls with limited close friendships are particularly vulnerable (Pickering et al.,
2020). Therefore, to better grasp the influence of social anxiety trajectories on social
jetlag, each covariate mentioned above, as well as prior history of depressive symptoms

or social jetlag, should be included in the analysis.
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Chapter 3 Method

3.1 Research Framework

The conceptual framework is constructed based on the objectives of this study. Social
anxiety trajectories from middle childhood to young adulthood are the independent
variable, whereas social jetlag during early adulthood is the dependent variable.
Depressive symptoms are the mediator variable between social anxiety trajectories and
social jetlag. Potential covariates include sex, parental education, parental income, family
structure, family support, peer support, prior depressive symptoms, and prior social jetlag.

Figure 1 presents the framework graphically.

Depressive symptoms
Middle childhood to young adulthood / \ Young adulthood

Trajectories of social anxiety Social jetlag

Covariates
Sex
Parental education
Parental income
Family structure
Family support
Peer support
Prior depressive symptoms
Prior social jetlag

Figure 1 Research framework
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3.2 Data source

Data for the present study were obtained from the Child and Adolescent Behaviors in
Long-term Evolution (CABLE) study conducted in Taiwan (L. L. Yen et al., 2002). It is
a longitudinal project aimed at understanding the development of children and
adolescents from a socioecological perspective (i.e., individual, family, and school
context). A total of eighteen elementary schools from Taipei City and Hsinchu County
were randomly selected, each representing urban and rural areas in northern Taiwan,
respectively. School size was first categorized based on the number of enrolled first-grade
students: small (50 to 199 students), middle (200 to 399 students), and large (more than
400 students). Then, nine schools with a combination of six small schools, two middle
schools, and one large school were chosen from each area to ensure equitable number of
students sampled from each school category. All first graders (cohort one) and fourth
graders (cohort two) were sampled from the selected schools. Both cohorts were sampled
and followed annually from 2001 to 2016, then biennially from 2017 to the present (Table
1). Additional information regarding sampling frame and study design can be found

elsewhere (L. L. Yen et al., 2002).

3.3 Study sample

This secondary analysis included data from cohort one, followed annually from 2001 to
2016. Such a cohort was selected based on four reasons. First, cohort two has been
analyzed by Chang and colleagues' (2010) study on the trajectories of social anxiety
among Taiwanese adolescents, whereas cohort one is unexplored. Second, given that
children may develop social anxiety as young as age 6, it is best to choose the first-grader
cohort one, which contains data as early as age 7, over cohort two, which started with age

10 fourth graders (Hirshfeld-Becker et al., 2007). Third, as the study by Miers et al. (2013)
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on social anxiety trajectories from childhood to young adulthood examined their sample
starting from age 9, analyzing cohort one would allow this study to explore the gaps
between ages 7 and 9. Last, data from cohort one could provide a better picture of

Taiwanese’ social anxiety trajectories from childhood to early adulthood.

Cohort one participants were in first grade to senior year of college or young adults (age
7 to 22) during this period. Sixteen waves of data were collected in total. Analysis samples
were limited to four inclusion criteria: (1) participants from cohort one; (2) completed at
least two waves of social anxiety surveys from wave 1 to wave 14 (age 7 to age 20); (3)
completed depressive symptoms survey during wave 15 (age 21); and (4) had social jetlag

data during wave 16 (age 22).

Participants were excluded if: (1) completed only one of wave 1 through wave 14 (age 7
to age 20) social anxiety surveys; (2) had missing depressive symptoms data during wave
15 (age 21); (3) had missing social jetlag data during wave 16 (age 22); (4) participants
had extreme sleep duration (less than 3 hours or more than 14 hours), as they were more
likely to have sleep disorders; and (5) participants with extreme sleep timing (i.e.,
midsleep later than noon)(Li et al., 2020; McMahon et al., 2018, 2019). Attrition rates
were calculated and response rate of each wave was demonstrated. A flowchart illustrates

the inclusion and exclusion of individuals in the study in the result section.
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Table 1 CABLE study timeline

Grade Elementary school Middle school High school College or University
Age 7 8 9 10| 11 [ 12 | 13 | 14 | 15| 16 [ 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25

2001 Al B1

2002 A2 B2

2003 A3 B3

2004 A4 B4

2005 AS B5

2006 A6 B6

2007 A7 B7

2008 A8 B8

2009 A9 B9

2010 Al0 B10

2011 All B11

2012 Al2 B12

2013 Al3 B13

2014 Al4 X

2015 Al5 x

2016 Al6 B16

2017 :

2018 -

2019 Al9

Note: A for cohort one; B for cohort two
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3.4 Measurements

Variables used in this study were obtained from the student version questionnaire. Scores

of social anxiety, social jetlag, and depressive symptoms; basic demographics including:

sex, age, parental education, parental income, family structure; family support and peer

support were collected. Data waves used for each variable as shown in Table 2.

Operational definitions and scoring of variables are described in Table 3. Cronbach's

alpha tests were conducted to assess internal consistency and a reliability coefficient of

0.70 or above was considered acceptable (Cronbach, 1951).

Table 2 Data waves used for each variable

Year 2001 - 2006 2007 - 2012 2013 -2016
Age 9|10 | 11 |12 | 13 | 14 [ 15|16 | 17 | 18 | 19 | 20 | 21 | 22
Wave no. 3| 4 5 6 7 8 9 |10 |11 |12 |13 | 14 | 15| 16
Social anxiety o | o ° ° ° ° ° ° ° ° ° °
Social jetlag °
Prior social jetlag ° ° ° ° ° ° ° °
Depressive symptoms °
Prior depressive symptoms o | o ° ° ° ° ° ° ° ° ° °
Sex
Parental education ° ° ) ) ° °
Parental income o o °
Family structure o o ) ° ° ° ° ° ° ° ° °
Family support o | o ° ° ° ° ° ° ° ° ° °
Peer support ° ° ° ° ° ° ) )
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3.4.1 Independent variable: social anxiety

Participants' social anxiety from wave 1 to 14 (from age 7 to age 20) was analyzed
to demonstrate the developmental trajectories of social anxiety. Social anxiety was
measured using seven items adapted from the Social Anxiety Scale for Adolescents
(SAS-A) at each assessment wave (La Greca & Lopez, 1998). Participants were
asked about their experiences in the past two weeks on whether they “fear of
meeting new friends,” “fear of being ridiculed by others,” "fear of talking to
strangers,” “fear of being laughed at,” “fear of being judged,” “fear of being
disliked,” and “fear of performing or answering questions in front of others” (see

Table Al).

The original scale contains eighteen items assessing symptoms of social anxiety
among adolescents. CABLE study used a shorter version of seven items, covering
only two out of three domains: fear of negative evaluation (FNE) (four items) and
social avoidance specific to new situations or unfamiliar peers (SAD-N) (three
items). The social avoidance and distress in general (SAD-G) domain was excluded

from the study.

Items from the FNE domain include (1) fear of being ridiculed by others; (2) fear
of being laughed at by others; (3) fear of being judged by others; and (4) fear of
others who will dislike me. Items from the SAD-N include (1) fear of meeting new
people; (2) fear of talking to unfamiliar people; and (3) fear of doing something
new in front of others (Table Al). All items were assessed using a 3-point scale
from 1 (never), 2 (once or twice), to 3 (multiple times). Scores from each year were

summed to yield a total social anxiety score ranging from 7 to 21. Total score was
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set to missing, if more than three missing responses were found. Higher total scores
indicate greater severity of social anxiety. Cronbach's alpha across waves 1 to 14

was between 0.74 to 0.90.
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3.4.2 Dependent variable: social jetlag

Social jetlag (SJL) is the absolute difference between the adjusted midpoint of sleep
during free days and the unadjusted midpoint during work days, where free days
and work days each resemble weekends and weekdays (Wittmann et al., 2006). The
adjusted midpoint of sleep during free days is corrected for sleep debts on work
days (i.e., sleep duration on free days minus average weekly sleep duration). Social
jetlag is calculated using two formulas shown below:

SJL = | MSFsc — MSW |

MSFsc = MSF — (SDF — (5 X SDW + 2 x SDF) + 7)

In the formula, SDF and SDW represent sleep duration on free days and work days,
respectively; whereas (5 X SDW + 2 X SDF) + 7 refers to the average sleep
duration per week. Two items were obtained, including bedtimes and wakeup times
for weekends and weekdays measured in 2016 (see Table A2). Baseline values of

social jetlag from wave 7 to 14 (age 13 to age 20) were also measured and controlled.

Social jetlag has been analyzed in categorical and continuous form due to the lack
of consensus on the clear-cut boundaries of social jetlag (Beauvalet et al., 2017).
Both continuous and categorical measures of social jetlag have their advantages and
limitations. As for this study, social jetlag was modeled as a categorical variable
using a cutoff point of 1-hour, as previously done by (Koopman et al., 2017; Mota
et al., 2021; Roenneberg et al., 2012; Rutters et al., 2014). Specifically, less than 1-
hour of social jetlag was coded as 0; while more than 1-hour of social jetlag was
coded as 1. Justifications for the categorization of social jetlag were as follows: (1)

Evidence has shown that social jetlag with a cutoff point of 1-hour correlates with
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an increased risk of several health issues, including obesity, diabetes, and
cardiovascular disease (Henderson et al., 2019; Rusu et al., 2019; Stoner et al.,
2018); (2) better interpretability than continuous as categorical social jetlag
provides a clear and simple way of grouping individuals based on their degrees of
social jetlag (E. L. Turner et al., 2010); (3) better understand the association of
social anxiety trajectories on different degrees of social jetlag (E. L. Turner et al.,

2010).
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3.4.3 Mediating variable: depressive symptoms

Depressive symptoms were defined as the average score of participants' depressive
symptoms during wave 15 (age 21). Baseline values of depressive symptoms
between waves 1 to 14 (from age 7 to 20) were also collected. Participants were
asked to provide self-reported depressive symptoms during the past two weeks at
each wave using six items from the Center for Epidemiological Studies Depression
Scale for Children (CES-DC). These items include (1) loss of appetite; (2) feeling
sad; (3) crying for no reason; (4) getting upset over nothing; (5) feeling scared; and

(6) lack of motivation to do anything (Faulstich et al., 1986).

Depressive symptoms in the CABLE study were initially assessed using seven
items in Table A3. However, an item (i.e., difficulty sleeping) was excluded from
the present study to avoid overlapping issues with social jetlag. Responses were
measured on a 3-point scale from 1 = never, 2 = once or twice, to 3 = multiple times.
All items were summed and averaged to create a depressive symptoms score. A
higher score indicates higher levels of depressive symptoms. Cronbach's alphas

across waves 1 to 15 (from age 7 to age 21) were 0.63 to 0.83.
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3.5 Covariates

This section provides the definition and measurements of potential covariates controlled
during the study analysis, including sex, age, parental education, parental income, family
structure, family support, and peer support. Questions of each covariate were provided in

Table A4 and Table A5.

3.5.1 Sex
Sex was defined as participants’ biological sex provided at wave 1 (age 7). Male

was coded as 1, whereas female was coded as 2.

3.5.2 Parental education

Parental education was defined as the highest level of education attained by the
participant's father and mother between wave 4 and wave 14 (age 10 to age 20).
Both paternal and maternal education levels were measured during wave 4 (age 10),
wave 7 (age 13), wave 10 to 11 (age 16 to age 17), and wave 13 to 14 (age 19 to
age 20). Student participants were asked to provide their parents' education level,
ranging from 1 = elementary school; 2 = junior high school; 3 = high school; 4 =
vocational high school; 5 = junior college; 6 = college or university; and 7 =
graduate school. All data were recoded into 1 = junior high school or below; 2 =
high school; and 3 = university or above. To note, parental education was controlled

separately: paternal education and maternal education.

3.5.3 Parental income
Parental income was defined as parents' self-reported average monthly income,

which includes salaries, agricultural income, business revenue, investment income,
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allowances, bonuses, and dividends, between waves 1 to 5 (age 7 to age 11). Both
paternal and maternal income were measured during waves 1 to 5 (age 7 to age 11).
Parents were asked to provide information on their average monthly earnings,
ranging from 1 = less than or equal to NT$19,999; 2 = NT$20,000 to NT$39,999;
3 = NT$40,000 to NT$59,999; 4 = NT$60,000 to NT$79,999; 5 = NT$80,000 to
NT$99,999; 6 = NT$100,000 to NT$119,999; 7 = NT$120,000 to NT$139,999; 8
= NT$140,000 to NT$159,999; to 9 = NT$160,000 and above. All data were
recoded into 1 = less than or equal to NT$39,999; 2 = NT$40,000 to NT$99,999;
and 3 = NT$100,000 and above. Parental income was controlled individually:

paternal income and maternal income.

3.5.4 Family structure

Family structure was defined as the participants' parental marital status and living
situation between waves 1 to 14 (age 7 to age 20). Original scoring for parental
marital status was 1 = married; 2 = divorced; and 3 = unmarried. The living situation
was investigated by asking participants whether one of their parents was deceased,

only came home on weekends, and whether their parents lived together.

Single-parent household is defined as participants with the following conditions: (1)
separated parents; (2) divorced parents; (3) widowed parents; or (4) unmarried
parents. A dual-parents household is defined as participants with two married living
parents living together. For those considered as dual-parents households,
participants must have married parents that are: (1) both alive; (2) living together;
(3) either father or mother came home for the weekends. Family structure were

recoded into O = single-parent household; and 1 = dual-parents household.
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3.5.5 Family support

Family support was defined as the average score of participants' family support
between waves 1 to 14 (age 7 to age 20). Participants were asked to assess the
perceived support received from their father and mother, using seven items
including (1) parental encouragement; (2) parental praise; (3) parental comfort; (4)
parental care; (5) active listening from parents; (6) parental initiative; and (7)
parental advice. All items were measured on a 4-point scale from 1 = never; 2 =
once or twice; 3 = multiple times, to 4 = every time. Each score was totaled and
averaged to reflect a mean score of family support. A higher score indicates better

parental support.

3.5.6 Peer support

Peer support was defined as participants' average peer support score during waves
7 to 14 (age 13 to age 20). Participants were asked to evaluate the perceived peer
support using twelve items, including (1) friends who listen to me when [ am angry;
(2) friends who care about me; (3) friends who comfort me when I am feeling sad;
(4) friends who spend time together; (5) friends who share belongings; (6) friends
who helped to solve problems; (7) friends who give advice when I need to make
decisions; (8) friends who give advice from time to time; (9) friends who explain
when I do not understand; (10) friends who talk about my strengths; (11) friends
who compliment when I did well; and (12) friends who ask for my advice. Items
were measured on a 5-point scale from 1 = never; 2 = rarely; 3 = occasionally; 4 =
frequently; to 5 = always. Each score was totaled and averaged to reflect a mean

score of peer support. A higher score indicates better support from peers.
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Table 3 Operational definition of study variables

Variable (Year)

Description

Coding

Independent variable
Social anxiety

(2001-2014)

Participants' response to the 7-item scale regarding
their social anxiety symptoms over a 2-week time

interval.

Each item = 1-3 scale

Score range = 7-21

Dependent variable
Social jetlag (2016)

Participants reported their bedtimes and wakeup
times on free days and work days, then calculated
based on the absolute difference between midpoint
of sleep on free days adjusted for sleep debt
(MSFsc) and midpoint of sleep during work days
(MSW)

0 =< 1-hour

1 => 1-hour

Mediating variable

Depressive symptoms

(2015)

Participants' response to the 6-item scale on
whether they experienced depressive symptoms

over a 2-week time interval.

Each item = 1-3 scale

Score range = 6-18

Covariates

Sex (2001)

Participants’ biological sex

1 = male

2 = female

Parental education
(2004, 2007, 2010-2011,
2013-2014)

Participants' responses on their father's and

mother's highest education attainment.

1 = junior high or below
2 = high school

3 = university or above.

Parental income

(2001-2005)

Participants' father and mother self-disclose their

respective average monthly income

1 =<NT$39,999
2 =NT$40,000-NT$99,999
3 =>NT$100,000

Family structure

(2001-2014)

Participants' responses on their parent's marital

status and living situation

0 = single-parent household

1= dual-parents household

Family support
(2001-2014)

Participants' responses on perceived family

support from their father and mother

Each item = 1-4 scale

Score range = 7-28

Peer support
(2007-2014)

Participants' response on their perceived peer

support

Each item = 1-5 scale

Score range = 12-60

Prior depressive symptoms

(2001-2014)

Participants' response to the 6-item scale on

whether they experienced prior depressive

symptoms over a 2-week time interval.

Each item = 1-3 scale

Score range = 6-18

Prior social jetlag

(2007-2014)

Participants’ prior experience of social jetlag

0 = <1-hour

1 =>1-hour
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3.6 Statistical analyses
3.6.1 Descriptive statistical analysis
Descriptive statistics were performed to demonstrate the sample characteristics.
Mean, standard deviation, and range were presented for the continuous variables,
whereas proportion of values in each category was presented for the categorical

variables.

3.6.2 Inferential statistical analysis

For specific aim one, the present study applied group-based trajectory modeling to
explore the developmental trajectories of social anxiety from middle childhood to
young adulthood. For specific aim two, multiple linear regression was conducted to
examine the association between different patterns of social anxiety trajectories and
social jetlag during young adulthood. For specific aim three, mediation analysis was
applied to study the mediating role of depressive symptoms in the link between
social anxiety trajectories and social jetlag. Details are described in the following
sections. All procedures were performed using Statistical Analysis System (SAS)

statistical software, version 9.4, SAS Institute Inc., Cary, NC, USA.

Group-based trajectory modeling

The present study used group-based trajectory modeling (GBTM) to identify
trajectory patterns of social anxiety from middle childhood to young adulthood
using wave 1 to 14 (age 7 to age 20) social anxiety data (Nagin, 1999). GBTM is
one of the trajectory modeling approaches used in longitudinal data analysis and
has been extensively implemented in long-term health and behavioral outcome

research, just as techniques like latent growth curve modeling (LGCM) and growth
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mixture modeling (GMM). Nevertheless, GBTM was selected as our targeted
approach for the following reasons. Such that LGCM developed by Meredith &
Tisak (1990) generally assumes individuals within the same population exhibit
homogeneous patterns of change (i.e., one trajectory fits all), while GMM
introduced by Muthén & Shedden (1999) assumes that sub-populations with
heterogeneous trajectories, at the same time allows an intra-class variation. Unlike
LGCM and GMM, GBTM proposed by Nagin & Land (1993) presumes a mixture
of trajectory groups (i.e., differences between subgroups) within a population, but
not differences within subgroups. In short, GBTM is a much better alternative
regarding outcome comparability, interpretability, and practicality (Nagin & Odgers,
2010; Ram & Grimm, 2009). The GBTM analysis was performed using the SAS
PROC TRAJ written by Jones et al. (2001) and conducted in three steps: (1) model
specification; (2) model estimation; and (3) model selection and interpretation

(Nguefack et al., 2020).

Model specification and estimation

According to Nagin (1999), the GBTM procedure consists of three key components,
including (1) optimal number and shapes of trajectory groups; (2) proportion of the
sample assigned to each group, as well as (3) individual probability of belonging to

the assigned group.
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Data

Optimal number of groups Proportion of population
and trajectory shapes in each group

~,

Probability that individual i
belongs to trajectory group j

Figure 2 Overview of group-based trajectory modeling

Firstly, the appropriate choice of model should be decided as GBTM can be carried
out in three ways, depending on the data type obtained: (1) zero-inflated Poisson
(ZIP) regression model; (2) binary logit model; and (3) censored normalized
(CNORM) model. Specifically, the Poisson model is designed to analyze count data
(i.e., number of occurrences of an event). As the name implies, the binary logit
model is suitable for binary data (i.e., outcomes that consist only of two distinct
values). Last, the censored normalized (CNORM) model estimates psychometric
data with clusters either at the minimum or maximum end or both. Given that social
anxiety is adapted from a questionnaire and measured in continuous form; thus, the
censored normal model is preferred. The formula of the selected model is shown

below.

v =Bl + BlAgei + By Agefi+... +BiAgel: + &

yi*t] is the individual i’s measurement of social anxiety at time ¢ within group j.
Censored counterpart y;; contains maximum value S,,,, and minimum value S,,;,.

Vit 1s equal to Sp,qy 1f y;j is smaller than S,,;,; conversely, when y;; is equal to
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Smin 1f y;j is larger than S,,,,; whereas when y;; is equivalent to yi*tj , hence, the

value of y;tj will be between S,,;,, and S,,,,,, (Nagin, 1999).

VectorY; = {Yi1, Y2, ..., Yir}
Vector Y; denotes the longitudinal measurements of individual i’s social anxiety
during time period T. While B({ , B{ and ﬁ,{ are coefficients that determine the
shape of each trajectory; Age;;, Agef...., and Age]: each represents individual i's
age at time ¢, the square of individual i's age at time ¢, et cetera, respectively. &;

refers to the disturbance of displaying a normal distribution.

As for group estimation, two methods are to be considered, either through maxi-
mum likelihood or Bayesian estimation. For our study, the maximum likelihood
estimation (MLE) method is applied after considering that MLE is suitable for lon-
gitudinal data with missing at random (MAR) values and that it yields unbiased
parameter estimates. Notably, group-based trajectories are the product of maximum
likelihood estimation (Nagin, 1999). Therefore, the maximum likelihood estimation

is applied for our model estimation, and its formula is as demonstrated.
J ,
PO =), mPI()

PJ(Y;) indicates the probability of Y; assigned membership in group j; where Y; re-
fers to the longitudinal measurements of individual i’s targeted behavior; 7; repre-
sents the posterior probability of membership in group j. As a whole, P(Y;) indi-
cates the unconditional probability of Y;; 25 anj (Y;) stands for the summation of
the individual i’s measurements and the probability of being randomly assigned to
groups (from group j to J).
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Model selection and interpretation

Furthermore, a polynomial relationship is assumed to model the link between age
or time and behavior. A quartic relationship (i.e., highest polynomial order) is
presumed, as the PROC TRAJ procedure disallows a polynomial order greater than
quartic. First, the one-group model with the highest polynomial order was tested
before gradually increasing the group number. Process is carried on until the
optimal number of groups (i.e., the number of groups that best fit the data) is
achieved based on a combination of three model fit criteria: (1) lowest value (i.e.,
nearest to zero) of Bayesian information criteria (BIC); (2) log Bayes factor of the
Bayesian information criterion (2ABIC) greater than 10; and (3) lowest value (i.e.,
nearest to zero) of Akaike information criteria (AIC) (Akaike, 1974; Schwarz,

1978).

Other than that, specific selection criteria were introduced for assessing model
adequacy. Five criteria are ought to be met, including: (1) an average posterior
probability (AvePP) greater than the recommended value of 0.7; (2) odds of correct
classification (OCC) exceeding the minimum threshold of 5; (3) trajectory size of
each group larger than 5% of the sample; (4) close match between estimated group
membership probabilities and proportion assigned to each group; and (5) narrow
confidence interval of estimated group membership probabilities (Nagin, 1999;

Nagin & Odgers, 2010).

After deciding the optimal number of groups, model refinement was carried out by

adjusting the polynomial order for each trajectory group. Different combinations of
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polynomial orders were tested, and the best one was decided based on the
parameters with the highest significant term. Next, the shape of each trajectory
group should be concluded and reflect the original data. Additionally, sufficient
knowledge from previous studies is equally important during the model selection

process.

Bivariate analyses

Bivariate analyses were conducted accordingly. The Chi-squared test was used to
measure the relationship between two categorical variables for not normally
distributed data. Mann-Whitney U and Kruskal Wallis H test compared differences
between two or more than three-grouped categorical and continuous variables,

respectively. A p-value less than 0.05 is considered statistically significant.

Multiple logistic regression

The crude effect of social anxiety trajectories from middle childhood to young
adulthood on social jetlag in young adulthood was examined. Multiple logistic
regression was then conducted while controlling for potential covariates.
Specifically, model 1 adjusted for sociodemographic characteristics, including sex,
parental education, parental income, and family structure. total effects of social
anxiety trajectories on social jetlag after adjustment for covariates, prior depressive

symptoms and prior social jetlag (c1, c2, 3, ca path).

Mediation analysis
Depressive symptoms were added to test for hypothesized mediation. Total effects

including both direct and indirect effects were analyzed. Mediation analysis with
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complete case analysis was performed through bootstrap, to test whether depressive
symptoms would mediate the association between social anxiety trajectories and
social jetlag. Procedure was done using the PROCESS macro for SAS developed

by Preacher & Hayes (2004) which can be found at www.processmacro.org.

The association between trajectories of social anxiety and depressive symptoms (ai,
>, a3, as path); between depressive symptoms and social jetlag (b path) after
controlling for sex, parental education, parental income, family structure, family
support, peer support, prior depressive symptoms, and prior social jetlag; as well as
the direct effects of social anxiety trajectories on social jetlag after controlling for
depressive symptoms, covariates, and prior depressive symptoms and prior social

jetlag (¢’ path) were computed.

Compared to classic mediating tests like Sobel's test (1982) or the Baron & Kenny
(1986) approach, the bootstrapping method is much preferred for smaller samples,
and it does not impose the assumption of normality (Hayes, 2013; Preacher & Hayes,
2004, 2008). In addition, the indirect effect can be estimated without needing a
statistically significant total effect (Hayes, 2013). Therefore, testing of the
mediation hypothesis would proceed even under the presence of a nonsignificant
total effect. The mediating role of depressive symptoms would be established when

the 95% bias-corrected bootstrap confidence interval (CI) does not contain 1.
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3.7 Research procedure

This study used secondary data analysis from 10th November 2022 to 30th June 2023.
The procedures were as follows: (1) Data collection from 10th November 2022 to 15th
December 2022; (2) Data analysis and interpretation were performed afterward till 31st
March 2023; and (3) Thesis writing and correction would end around 30th June 2023,

plus or minus one month.

3.8 Ethical considerations

The present study is reviewed and approved by the National Taiwan University
Behavioral and Social Sciences Research Ethics Committee (case number:
202210HMO004). The source of this secondary quantitative analysis, CABLE study, is a
long-term, ongoing project funded and managed by the National Health Research Institute
(NHRI) of Taiwan. Student participants, parents, and guardians were well-informed about
the purpose of the CABLE study. Their participation was entirely voluntary. At the
baseline survey, written informed consent was obtained from every student's parent or
legal guardian. Data from this secondary data analysis study are non-identifiable to
protect the respondents' confidentiality and privacy. Therefore, the potential risk of harm

to individual subjects was less than minimal.

Access to data requires formal application to the CABLE research group via email

(cable@nhri.org.tw). Mandatory documents to be submitted include application form,
research proposal, and Institutional Review Board (IRB) approval letter. After the review
and approval process, questionnaires and coding books were provided to select required
variables. Importantly, all data acquired are solely for the present study and may not be

used for other purposes. During the data collection and analysis stage, relevant files and
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folders were password-protected. Access to data is restricted to the authors of this study.
Following the completion of this study, authors are obliged to prepare and submit journal
manuscript for publication. Data and research records were stored in a password-secured
folder, for five years upon completion of the research. To note, authors of the study have

no conflicts of interest to declare.
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Chapter 4 Results

Participants aged 7 to 22 from
CABLE study (n=2,855)

A total of 1,253 participants (48.52% male; 51.48% female) were included in the final
analysis, after excluding those who did not meet the inclusion criteria of this study (refer
to Figure 3). Sample characteristics, model selection of social anxiety trajectory groups,
bivariate association between study variables, association between social anxiety
trajectories and social jetlag, and mediating effect of depressive symptoms on the

relationship between social anxiety and social jetlag are demonstrated in this chapter.

Participants with at least 2 waves
of social anxiety (n=2,820)

Participants with less than 2 waves
of social anxiety from age 7 to 20
(n=35)

Participants ~ with  depressive
symptoms data (n=1,909)

Participants without depressive
symptoms data at age 21 (n=911)

Participants with complete social
jetlag data (n=1,266)

Participants without social jetlag
data at age 22 (n=643)

\ 4

Participants with normal sleep
duration (n=1,262)

Participants with extreme sleep
duration (i.e., less than 3 or more
than 14 hours) (n=4)

A4

Participants included in the final
analysis (n=1,253)

Participants with extreme sleep
time (i.e., midsleep past noon)
(n=9)

Figure 3 Study flowchart
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4.1 Sample characteristics

Table 4 shows the sample characteristics of categorical data, whereas Table 5 demon-
strates the continuous variables characteristics. There were 1,253 participants in this study
(608 males and 645 females). The most frequently reported paternal and maternal educa-
tion level was university or above (59.55% and 52.56%, respectively). As for parental
income, most of the participants’ fathers and mothers earned a monthly income between
NT$40,000 and NT$99,999 (53.47% and 53.07%, respectively). Proportions of family
structure were 25.30% and 74.70%, respectively, for single-parent and two-parent fami-
lies. The mean scores for family support and peer support were 17.28 and 44.29, respec-
tively. Using a cutoff of 1-hour, 46.85% of the participants had social jetlag. Mean score
for depressive symptoms was 8.98. 46.13% of the sample had prior history of social jetlag
and mean score for prior depressive symptoms was 9.29. As for our main variables, the
average scores for social anxiety from age 7 to age 20 ranged between 9.48 and 10.41.
Social jetlag's normality was assessed using the Shapiro-Wilk test, and p-value less than

0.05 indicates non-normal distribution as shown in Figure 4.
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Table 4 Sample characteristics of categorical variables

n

%

Sex
Male
Female
Paternal education level
Junior high school or below
High school
University or above
Maternal education level
Junior high school or below
High school
University or above
Paternal income
<NT$39,999
NT$40,000 to NT$99,999
>NT$100,000
Maternal income
<NT$39,999
NT$40,000 to NT$99,999
>NT$100,000
Family structure
Single-parent household
Dual-parents household
Social jetlag
<1-hour
>1-hour
Prior social jetlag
<1-hour

>1-hour

608
645

102
404
745

94
499
657

170
670
413

149
665
439

317
936

666
587

675
578

48.52
51.48

8.15
32.29
59.55

7.52
39.92
52.56

13.57
53.47
32.96

11.89
53.07
35.04

25.30
74.70

53.15
46.85

53.87
46.13

Note. SD=standard deviation.
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Table 5 Sample characteristics of continuous variables

n Mean SD Range
Family support 1,253 17.28 3.20 (7.00, 25.18)
Peer support 1,253 44.29 7.98 (12.86, 60.00)
Depressive symptoms 1,253 8.98 2.60 (6.00, 18.00)
Prior depressive symptoms 1,253 9.29 1.57 (6.07, 14.69)
Social anxiety
Age 7 998 10.11 3.00 (7.00, 21.00)
Age 8 1,198 10.07 2.70 (7.00, 20.00)
Age 9 1,148 9.80 2.58 (7.00, 20.00)
Age 10 1,109 9.83 2.90 (7.00, 21.00)
Age 11 1,091 9.64 2.75 (7.00, 21.00)
Age 12 1,095 9.96 2.94 (7.00, 21.00)
Age 13 1,090 10.05 3.07 (7.00, 21.00)
Age 14 1,119 9.97 2.96 (7.00, 21.00)
Age 15 1,084 10.07 3.08 (7.00, 21.00)
Age 16 1,173 10.41 3.28 (7.00, 21.00)
Age 17 1,236 10.26 3.27 (7.00, 21.00)
Age 18 1,198 9.91 3.23 (7.00, 21.00)
Age 19 1,179 9.80 3.20 (7.00, 21.00)
Age 20 1,173 9.48 3.12 (7.00, 21.00)

Note. SD=standard deviation.
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Figure 4 Distribution of social jetlag
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4.2 Social anxiety trajectories from middle childhood to young adulthood
This section demonstrates the model selection for social anxiety trajectories. Model fit

and model adequacy indices were compared to select and finalize the best model.

4.2.1 Model selection

Table 6 and Table 7 were the model fit and adequacy statistics for our group-based
trajectory model. The former table presented the Bayesian Information Criterion
(BIC), log Bayes factor (2ABIC), and Akaike Information Criterion (AIC) values
for each converging model. At the same time, the latter showed the Average
Posterior Probability (AvePP), Odds of Correct Classification (OCC), and group

size of the final model.

As PROC TRAJ does not allow a polynomial order greater than four, we first
modeled using two trajectory groups with the highest order (quartic). Then, we
gradually increased the group numbers to six without adjusting the order. As
exhibited, BIC values for two to six-group models were —38344.50, —37955.85,
—37710.68, —37623.36, and —37507.01, respectively. 2ABIC decreased from the
initial value of 777.30 to 174.64, then increased slightly to 232.70. AIC values
gradually reduced from —38313.70 to —37414.61. Although the six-group model
had the smallest (nearest to zero) BIC and AIC value, sadly, its 2ABIC was larger
than its antecedent. In other words, the five-group model was superior to the six-

group model. Therefore, the five-group model proceeded to model refinement.

60 doi:10.6342/NTU202302614



The final model was concluded based on the polynomial order (3 1 3 4 3) that fitted

the best. To note, 1, 3 and 4 represent the linear, cubic and quartic order, respectively;

p-values for each order were significant; all five-group size exceeds 5% of the

sample; and its BIC, 2ABIC, AIC reflects a better fit.

Table 6 Model fit results

No. of groups  Polynomial order BIC 2ABIC AIC  n>5% of the sample
2 44 —38344.50 —38313.70 Yes

3 444 —37955.85  777.30 —37909.65 Yes

4 4444 -37710.68  490.34 —37649.09 Yes

5 44444 -37623.36  174.64 —37546.36 No

6 444444 -37507.01 23270 —37414.61 No

Final selection 31343 -37616.10 14.52 —37554.50 Yes

Notes. BIC = Bayesian Information Criteria; 2ABIC = log Bayes factor; AIC = Akaike Information

Criteria.

Furthermore, the average posterior probability of correct classification (AvePP) and

Odds of correct classification (OCC) were evaluated to confirm model adequacy.

AvePP ranged from 0.83 to 0.93, whereas OCC values were between 14.13 and

163.10. Both AvePP and OCC exceeded their respective threshold of 0.70 and 5.

Membership assigned to each group was above 5% of the sample. Given the

statistics, the five-group trajectory model that attained all requirements for model

fitness and adequacy was selected.
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Table 7 Model adequacy results

No. Label n % AvePP fi; OCC
Group 1  Low stable 616 49.16 0.93 0.48 14.13
Group 2 Moderate increasing 266 21.23 0.87 0.21 25.32
Group 3 Moderate to low 212 16.92 0.83 0.17 23.05
Group 4 High stable 92 7.34 0.90 0.08 98.90
Group 5 High increasing 67 5.35 0.90 0.05 163.10

Notes. AvePP = Average Posterior Probability; OCC = Odds of Correct Classification.

4.2.2 Patterns of social anxiety trajectories

Patterns and group proportions of five social anxiety trajectories from middle
childhood to young adulthood (age 7 to age 20) were as demonstrated in Figure 5.
Patterns exhibited include “low stable”, “moderate increasing”, “moderate to low”,
“high stable”, and “high increasing”. The “low stable” group (n=616; 49.16%)
revealed a decreasing trend of social anxiety from middle childhood to young
adulthood. The “moderate increasing” group (n=266; 21.23%) posed relatively
stable levels of social anxiety between age 7 and 11, and had slightly increased from
then on. The “moderate to low” group (n=212; 16.92%) had a considerable
decreased trend of social anxiety from beginning to end. The “high stable” group
(n=92; 7.34%) exhibited a projectile-motion-like trend, which in other words,
started with an increase in social anxiety levels from age 7 to age 12, then decreased
rapidly, especially between age 13 and age 16. The “high increasing” group (n=67;

5.35%) displayed substantial increase throughout the course, with a peak at age 17

then a slight decrease between age 17 to age 20.

62 doi:10.6342/NTU202302614



Mean score of social anxiety

18

17

16

15

14

13

12

11

10

7 8 9 10 11 12 13 14 15 16 17 18
Age

= X=Low stable (n=616, 49.16%) —44— Moderate increasing (n=266, 21.23%)
—@— Moderate to low (n=212, 16.92%) -+« High stable (n=92, 7.34%)
High increasing (n=67, 5.35%)

Figure 5 Social anxiety trajectories from age 7 to age 20
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4.2.3 Characteristics of social anxiety trajectories

Table 8 revealed the characteristics of the five distinct trajectories of social anxiety.
According to the Chi-squared test results, the distribution of categorical variables
including paternal education, maternal education, paternal income, maternal in-
come, family structure, and prior social jetlag did not differ significantly among
trajectory groups. Social jetlag is marginally significant among social anxiety tra-
jectory groups (p<0.10). Significant sex differences in social anxiety trajectories
were discovered (p<0.001). The proportion difference is significant between “low

stable” and all other groups.

For continuous variables, the Kruskal-Wallis H test revealed significant differences
in family support, peer support, depressive symptoms and prior depressive symp-
toms scores among trajectories (p<0.001). Subsequent posthoc Dunn tests were per-
formed to identify statistically significant groups. Results were as follows: (1) indi-
viduals in the “low stable” group had significantly higher scores in both family
support and peer support than the other groups; (2) participants in the “high increas-
ing” group had significantly higher levels of prior depressive symptoms and de-

pressive symptoms than the remaining groups.
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Table 8 Sociodemographic characteristics of social anxiety trajectories

Low stable Moderate increasing Moderate to low High stable High increasing 5
n (%) n (%) n (%) n (%) n (%) ¢

Sex 23 §7* %%
Male 335 (55.10) 129 (21.22) 87 (14.31) 35 (5.76) 22 (3.62)

Female 281 (43.57) 137 (21.24) 125 (19.38) 57 (8.84) 45 (6.98)

Paternal education level 11.30
Junior high school or below 48 (47.06) 24 (23.53) 11 (10.78) 13 (12.75) 6 (5.88)

High school 201 (49.75) 76 (18.81) 80 (19.80) 25 (6.19) 22 (5.45)
University or above 366 (49.13) 166 (22.28) 120 (16.11) 54 (7.25) 39 (5.23)

Maternal education level 6.62
Junior high school or below 39 (41.49) 22 (23.40) 18 (19.15) 10 (10.64) 5(5.32)

High school 245 (49.10) 97 (19.44) 89 (17.84) 41 (8.22) 27 (5.41)
University or above 330 (50.23) 147 (22.37) 104 (15.83) 41 (6.24) 35(5.33)

Paternal income 7.10
<NT$39,999 83 (48.82) 30 (17.65) 31(18.24) 15 (8.82) 11 (6.47)
NT$40,000 to NT$99,999 337 (50.30) 133 (19.85) 112 (16.72) 50 (7.46) 38 (5.67)
>NT$100,000 196 (47.46) 103 (24.94) 69 (16.71) 27 (6.54) 18 (4.36)

Maternal income 12.92
<NT$39,999 75 (50.34) 19 (12.75) 31(20.81) 10 (6.71) 14 (9.40)
NT$40,000 to NT$99,999 330 (49.62) 147 (22.11) 107 (16.09) 50 (7.52) 31 (4.66)
>NT$100,000 211 (48.06) 100 (22.78) 74 (16.86) 32 (7.29) 22 (5.01)

Note. y*= Chi-squared test.
**%p<0.001.
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Table 8 Sociodemographic characteristics of social anxiety trajectories (continued)

Low stable Moderate increasing Moderate to low High stable High increasing 2
n (%) n (%) n (%) n (%) n (%)
Family structure 3.98
Single-parent household 462 (49.36) 207 (22.12) 156 (16.67) 66 (7.05) 45 (4.81)
Dual-parents household 154 (48.58) 59 (18.61) 56 (17.67) 26 (8.20) 22 (6.94)
Social jetlag 8.137F
<1-hour 346 (51.95) 140 (21.02) 109 (16.37) 385.71) 33 (4.95)
>1-hour 270 (46.00) 126 (21.47) 103 (17.55) 54 (9.20) 34 (5.79)
Prior social jetlag 2.12
<1-hour 332 (49.19) 138 (20.44) 120 (17.78) 46 (6.81) 39 (5.78)
>1-hour 284 (49.13) 128 (22.15) 92 (15.92) 46 (7.96) 28 (4.84)
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) v
Family support 17.74 17.09 (2.97) 17.13 (3.33) 15.82 (2.86) 16.42 (2.88) 42.30%**
(3.23)
Peer support 45.49 43.10 (7.51) 44.16 (7.94) 41.38 (7.99) 42.31 (7.03) 44.69%**
(8.07)
Depressive symptoms 8.07 (2.19) 10.27 (2.43) 8.71 (2.38) 10.36 (2.94) 11.25 (2.65) 219.59%**
Prior depressive symptoms 8.42 (1.24) 9.92 (1.26) 9.74 (1.31) 10.83 (1.23) 11.24 (1.33) 452.24%%*

Notes. y*= Chi-squared test or Kruskal-Wallis H test.
1p<0.10; ***p<0.001.
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4.3 Bivariate association between study variables
4.3.1 Association between continuous variables and social jetlag
As shown by the Mann-Whitney U test results in Table 9, the social jetlag >1-hour
group had a significantly lower mean score for family support and a higher mean
score for subsequent depressive symptoms. Notably, the former group had
significantly lower scores in family support (p<0.05) and higher scores in both

depressive symptoms and prior depressive symptoms (p<0.05) than the <l1-hour

group.

Table 9 Bivariate association between continuous covariates with social jetlag

SJL <1h SJL >1h
n Mean SD n  Mean SD g
Family support 666 1747 3.18 587 17.08 3.21 5.07*
Peer support 666  44.53 7.83 587  44.01 8.14 0.70
Depressive symptoms 666 8.78 2.43 587 9.22 2.76 5.62%
Prior depressive symptoms 666 9.19 1.52 587 9.40 1.61 6.29*

Notes. SJL = social jetlag; Z= Mann-Whitney U test.
*p<0.05.
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4.3.2 Association between categorical variables and social jetlag

Table 10 demonstrates the bivariate association between categorical covariates and
social jetlag. Participants with <l-hour and >I1-hour of social jetlag differed
significantly by maternal education level (p<0.05), paternal income (p<0.05),
family structure (p<0.05), and prior social jetlag (p<0.001). Paternal education level
displayed marginal significance (p<0.10) between <1-hour and >1-hour of social
jetlag groups. Table 11 exhibits the bivariate association between social anxiety
trajectory groups and social jetlag. Results reported marginal significance in social

jetlag (p<0.10) between trajectory groups.
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Table 10 Bivariate association between categorical covariates with social jetlag

SJL<1h SJL >1h )
n (%) n (%) §
Sex 1.60
Male 312 (46.85) 296 (50.43)
Female 354 (53.15) 291 (49.57)
Paternal education level 5.14%
Junior high school or below 51 (7.68) 51 (8.69)
High school 198 (29.82) 206 (35.09)
University or above 415 (62.50) 330 (56.22)
Maternal education level 7.43%
Junior high school or below 54 (8.12) 40 (6.84)
High school 242 (36.39) 257 (43.93)
University or above 369 (55.49) 288 (49.23)
Paternal income 8.17*
<NT$39,999 88 (13.21) 82 (13.97)
NT$40,000 to NT$99,999 335 (50.30) 335 (57.07)
>NT$100,000 243 (36.49) 170 (28.96)
Maternal income 3.46
<NT$39,999 76 (11.41) 73 (12.44)
NT$40,000 to NT$99,999 341 (51.20) 324 (55.20)
>NT$100,000 249 (37.39) 190 (32.37)
Family structure 4.61%
Single-parent household 514 (77.18) 422 (71.89)
Dual-parents household 152 (22.82) 165 (28.11)
Prior social jetlag 45234
<l-hour 418 (62.76) 257 (43.78)
>1-hour 248 (37.24) 330 (56.22)

Notes. SJL = social jetlag; ¥*= Chi-squared test.
Tp<0.10; *p<0.05; *** p<0.001.
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Table 11 Bivariate association between social anxiety trajectories and social jetlag

SJL <1h SJL >1h ;

n (%) n (%) i

Social anxiety trajectories 8.137
Low stable 346 (51.95) 270 (46.00)
Moderate increasing 140 (21.02) 126 (21.47)
Moderate to low 109 (16.37) 103 (17.55)
High stable 38 (5.71) 54 (9.20)
High increasing 33 (4.95) 34 (5.79)

Notes. SJIL = social jetlag; y*= Chi-squared test.
+p<0.10.
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4.4 Association between social anxiety trajectories and social jetlag

Table 12 shows the results of the association between social anxiety trajectories and
social jetlag, as well as the mediation results on whether depressive symptoms mediated
the association between social anxiety trajectories and social jetlag after controlling for
relevant covariates (i.e., sex, parental education, parental income, family structure, family

support, peer support, prior depressive symptoms, and prior social jetlag).

Model 1 of Table 12 demonstrates the total effect of social anxiety trajectories on social
jetlag (c1, c2, 3, c4 path). After controlling for covariates and baseline values of depressive
symptoms and social jetlag, the “high stable” social anxiety trajectory group was
marginally significant with social jetlag (c3 path: OR = 1.62, p=0.06). This indicates that
the odds of developing social jetlag were 62% higher in the “high stable” group than in
the “low stable” group. In other words, socially anxious individuals in the “high stable”
group are more likely to develop social jetlag than those in the “low stable” group. In
contrast, there was no significant difference in the odds of developing social jetlag
between individuals in the “moderate increasing”, “moderate to low”, or “high increasing”

compared to those who belonged to the “low stable” group. R-squared for model 1 was

0.07, indicating small effect size.
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4.5 Depressive symptoms as a mediator

Model 2 in Table 12 presents the association between social anxiety trajectories and
depressive symptoms (a1, a2, a3, a4 path). After controlling for covariates, baseline values
of both depressive symptoms and social jetlag, socially anxious individuals in the
“moderate increasing” (a1 path: f=0.98, p<0.001) and “high increasing” (as path: f=0.83,
p<0.01) group had significantly higher levels of depressive symptoms than those in the
“low stable group,” respectively. Individuals with “moderate to low” social anxiety
trajectory (a2 path: p=—0.44, p<0.05) had significantly lower levels of depressive

symptoms than the reference group.

These results imply that there is a statistically significant relationship between “moderate
increasing”, “moderate to low”, and “high increasing” social anxiety trajectories and
depressive symptoms, and such social anxiety trajectories coefficients predicted
depressive symptoms scores. On average, individuals in the “moderate increasing” and
“high increasing” groups reported depressive symptoms score that is 0.98 points and 0.83
points higher than the “low stable” group, respectively. Contrarily, the “moderate to low”
group reported depressive symptoms score that is 0.44 points lower than the “low stable”
group. On the other hand, the relationship between “high stable” trajectory pattern and

depressive symptoms was nonsignificant. R-squared for model 2 was 0.34, indicating

medium effect size.

Model 3 in Table 12 reveals both the association between depressive symptoms and social
jetlag (b path); and the association between social anxiety trajectories on social jetlag (¢’1,
c’2, ¢’3, c’4 path) after controlling for depressive symptoms and other covariates. As

hypothesized, depressive symptoms were significantly associated with social jetlag. In
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particular, individuals with higher levels of depressive symptoms are more likely to have
social jetlag (b path: OR=1.07, p<0.05). After adjustment for depressive symptoms and
other covariates, only the association of the “high stable” (¢’3 path: OR = 1.59, p=0.07)

group and social jetlag remained marginally significant.

The indirect effects of social anxiety trajectories on social jetlag through depressive
symptoms (a*b path) were exhibited at Table 13. Depressive symptoms significantly
mediated the association between social anxiety trajectories and social jetlag, as 95%
bootstrapped confidence interval did not include 1: “moderate increasing” (ab=1.06, 95%
bootstrap CI= 1.009, 1.133); “moderate to low” (ab=0.97, 95% bootstrap CI= 0.933,
0.999); and “high increasing” (ab=1.05, 95% bootstrap CI= 1.001, 1.142). These results
indicated that, compared to those with “low stable” trajectory, those with “moderate
increasing” and “high increasing” pattern of social anxiety had higher odds of having
social jetlag through depressive symptoms. On the other hand, those with “moderate to
low” pattern of social anxiety had lower odds of developing social jetlag through
depressive symptoms. Proportion mediated of “moderate increasing”, “moderate to low”,
and “high increasing” social anxiety trajectories on social jetlag through depressive
symptoms were 0.96, 0.80, and 0.90, respectively.

Statistical diagram for the total effect of “moderate increasing”, “moderate to low”, “high
stable” and “‘high increasing” social anxiety trajectories on social jetlag; and the indirect
effect of “moderate increasing”, “moderate to low”, “high stable” and ‘“high increasing”

social anxiety trajectories on social jetlag through depressive symptoms were displayed

in Figure 6.
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Table 12 Regression coefficients for mediation analyses

Model 1: Social jetlag

Model 2: Depressive

Model 3: Social jetlag

symptoms
Path OR 95% CI Path B SE Path OR 95% CI
Constant 0.26* —_— 1.46* 0.65 0.23* 0.07-0.80
Sex (ref.: male)

Female 0.82 0.63-1.06 0.12 0.14 0.81 0.62-1.05
Paternal education level
(ref.: junior high or below)

High school 1.04 0.65-1.68 —-0.02 0.16 1.12 0.82-1.51

University or above 0.94 0.57-1.55 0.07 0.27 0.93 0.56-1.54
Maternal education level
(vef.: junior high or below)

High school 1.45 0.89-2.37 —-0.10 0.15 1.13 0.84-1.51

University or above 1.30 0.76-2.21 —0.28 0.28 1.32 0.77-2.25
Paternal income
(ref-: <NT$39,999)

NT$40,000-NT$99,999 1.28 0.84-1.97 —-0.04 0.22 0.64%* 0.42-0.97

>NT$100,000 0.82 0.48-1.38 —-0.24 0.23 1.30 0.85-2.01
Maternal income
(ref:: <NT$39,999)

NT$40,000-NT$99,999 0.87 0.55-1.39 —-0.04 0.22 1.35 0.89-2.05

>NT$100,000 1.17 0.67-2.05 —-0.17 0.24 0.88 0.56-1.40
Family structure
(ref.: Single-parent)

Dual-parents household 1.20 0.91-1.58 —0.00 0.15 1.20 0.91-1.58
Family support 1.00 0.95-1.04 0.02 0.02 1.00 0.95-1.04
Peer support 1.00 0.98-1.02 —0.00 0.01 1.00 0.98-1.02
Social anxiety trajectories
(vef.: low stable)

Moderate increasing ¢ 1.10 0.79-1.54 a 0.98*** (.17 1.04 0.74-1.45

Moderate to low 1.21 0.86-1.72 —0.44* 0.18 1.25 0.88-1.77

High stable 1.627 0.97-2.70 0.31 0.27 1.597 0.95-2.67

High increasing 1.17 0.65-2.10 0.83** 0.31 1.11 0.62-2.00
Depressive symptoms —  — —_— 1.07* 1.01-1.13
Prior depressive symptoms 1.07 0.97-1.17 0.83***  0.05 1.01 0.91-1.12
Prior social jetlag 2.09%** 1.65-2.65 —0.06 0.13 2. 11%** 1.66-2.67

Notes. All models were controlled for sex, parental education, parental income, family structure, family support, peer support, prior

depressive symptoms, and prior social jetlag. OR = odds ratio; SE = standard error; Cl = confidence interval; ref. = reference group.

p<0.10; *p<0.05; ** p<0.01; ***p<0.001.
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Table 13 Indirect effects of social anxiety trajectories on social jetlag

OR SE 95% Bootstrap CI
Moderate increasing 1.06 1.03 1.009, 1.133
Moderate to low 0.97 1.02 0.933, 0.999
High stable 1.02 1.02 0.981, 1.077
High increasing 1.05 1.03 1.001, 1.142

Notes. OR = odds ratio; SE = standard error; Cl = confidence interval.
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a; = 0.08%** Depressive symptoms

Moderate increasing social anxiety trajectory

a,= —0.44* b=107*
Moderate to low social anxiety trajectory
a3=0.31 Social jetlag

High stable social anxiety trajectory

as=0.83**

High increasing social anxiety trajectory

Notes p<0.10; *p<0.05; ** p<0.01; ***p<0.001

Figure 6 Path diagrams for total effect and indirect effect of social anxiety trajectories on social jetlag through depressive symptoms
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Chapter 5 Discussion

To the best of my knowledge, the current study is the first to assess the association
between social anxiety trajectories from middle childhood to young adulthood and social
jetlag in early adulthood. On top of that, no prior studies have explored the mediating
effects of depressive symptoms on social anxiety trajectory patterns and social jetlag. This
study identified five distinct social anxiety trajectories. One of the trajectory, specifically,
the high stable pattern, had a marginal significant relationship with social jetlag. Findings
also demonstrated that depressive symptoms mediated the associations between social

anxiety trajectories and social jetlag.

5.1 Social anxiety trajectories from middle childhood to young adulthood

The results successfully answered all three of this study’s research questions. First of all,
in line with previous studies, current findings demonstrated that the heterogeneity in the
developmental course of social anxiety as five trajectory patterns of social anxiety were
identified in this study: (1) “low stable”; (2) “moderate increasing”; (3) “moderate to low”;
(4) “high stable”; (5) “high increasing”. The patterns of trajectories supported the author’s
expectation of discriminating around five to six trajectory groups. Also, as anticipated,
the “low stable” group that began with a low level of social anxiety and decreased over
time represented the majority (49.16%); and the “high increasing” group was the least of
all (5.35%). The latter group initially had high social anxiety from the start. It showed a
tremendous increasing trend till late adolescence of age 17, then leveling off from then
till young adulthood. Group proportions were not similar to prior longitudinal studies.
The largest social anxiety trajectory for other studies was stable medium, stable high or
moderate decreasing, while the smallest were stable very high, low increasing, and high

changing (Broeren et al., 2012; Marmorstein et al., 2010; Miers et al., 2013). These
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differences could be attributed to the cultural variations in sample characteristics, as
suggested by two meta-analyses, where cultural and ethnic differences influence the
manifestation of social anxiety between Asians and European (Krieg & Xu, 2015; Woody

etal., 2015).

Five social anxiety trajectories found in this study exhibited either decreasing, waxing
and waning, or increasing patterns across childhood, adolescence, and young adulthood.
The “low stable” and “moderate to low” patterns gradually decrease from the start. In
contrast, the “moderate increasing”, “high stable”, and “high increasing” commonly
increase then decrease at a certain age. Particularly, the “moderate to low”, and “high
stable” trajectories seemed to decrease considerably, as opposed to a slight decline
(Broeren et al., 2012; Miers et al., 2013). However, the drastic decreasing patterns and
Marmorstein et al. (2010) were much alike. Compared to former social anxiety
trajectories studies, the changing patterns in the “moderate increasing” and ‘“high
increasing” trajectory were, in contrast, to their relatively stable or slight increase patterns
(Broeren et al., 2012; Miers et al., 2013). Please note that although one of this study
trajectory was named ‘“high stable”, the word “stable” does not imply that both were
entirely unchanging. Instead, stability is meant by fluctuating within the same range.
These observed differences could be explained by the study’s longer span of analysis,
which was 14 years, as opposed to 8 years in other studies (Broeren et al., 2012;
Marmorstein et al., 2010; Van Oort et al., 2009). This highlights this study’s strengths of

analyzing longer age spans of socially anxious individuals, up to 14 years, and across

three periods.
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Based on the trajectory figure, social anxiety levels were rising among “high stable” and
“high increasing” individuals since age 8, then peaked at age 13 and 17, respectively.
These upward trends substantiate prior findings that social anxiety can occur around
young children. The peak attained at age 13 by “high stable” group could be explained by
the shift from elementary school to junior high school among students with an already
high level of social anxiety. This transition can be emotionally and socially challenging
to socially anxious individuals as they are forced to adapt to new environments and
unfamiliar peers. Another peak at age 16 among “moderate increasing” and 17 among
“high increasing” groups could indicate another uneasy adaptation into senior high school
among those with moderate or high social anxiety levels. School transfer difficulties can
be supported by Nowland and Qualter's (2020) study, where students with social anxiety

experience heightened concerns about school transitions.

Also, interestingly, all five trajectories experienced a decline in social anxiety levels at
age 16 or 17. Simultaneous reduction of social anxiety could be related to the emerging
use of the internet and smartphones around 2010, or they gained better social skills over
time. The former explanation was credible as prior studies have found that socially
anxious individuals prefer online communication (Caplan, 2003). The internet has
allowed them to switch from actual and face-to-face communications to virtual
communication and may be a medium for them to connect with others comfortably (i.e.,
less fear and negative thinking) (Hutchins et al., 2021; Shepherd & Edelmann, 2005; J.
Y. Yen et al., 2012). On the other hand, the latter explanation of increased social skills
could be explained in terms of physiological development. As an individual's brain

undergoes major development during adolescence, the prefrontal cortex's maturation
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enhances logical reasoning skills and emotion regulation (Arain et al., 2013). Therefore,

physiological changes could partly explain the decreasing trend around age of 16 or 17.

5.2 Associations between social anxiety trajectories and social jetlag

Results from binary logistic regression partly align with the study’s second hypothesis
suggesting that social anxiety trajectories from middle childhood to young adulthood
were associated with social jetlag during young adulthood. Surprisingly, the marginal
significance of the total effects was restricted to only highly stable social anxiety. This
unique relationship aligns with Buckner et al. (2008) study, which found that social
anxiety was positively related to insomnia. Indeed, one may argue that the link between
social anxiety and insomnia does not necessarily means a similar linkage to social jetlag.
However, considering the high co-existence of social jetlag and insomnia, it is reasonable
to assert that people with social anxiety, too, suffer from social jetlag. Additionally, it is
possible that these high and chronic socially anxious individuals could have gotten used
to the irregular sleep induced by social anxiety and were likely to continue the practice of

such unstable circadian patterns during young adulthood.

Theoretically, according to Clark and Wells' (1995) cognitive-behavioral model of social
anxiety, anticipation processing could account for the relationship between social anxiety
trajectories and social jetlag. In the case of socially anxious individuals, anticipation
processing may involve excessive worry about future social situations, rumination on past
negative social experiences, and a preoccupation with negative self-evaluations
(Vassilopoulos, 2004). These distorted cognitive processes may increase physiological
arousal and heightened vigilance, further exacerbating sleep problems (Buckner et al.,

2008). As expected, a meta-analysis by Clancy et al. (2016) found that anticipatory worry
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and rumination were associated with increased sleep onset latency, shorter sleep, and
poorer sleep quality. Based on these findings, it is conceivable that anticipation processing

may play an essential role in the link between social anxiety trajectories and social jetlag.

Besides the aforementioned cognitive factors, study findings could also be supported
using the homeostatic regulation of sleep. Sleep disturbance has been the hallmark feature
of an anxiety disorder (Fuller et al., 1997), which could lead to insomnia and sleep
deprivation, so socially anxious individuals may extend sleep to compensate for lost sleep
(Deboer, 2018). In the case of young adults with social anxiety, especially those working
and increasing the amount of sleep during workdays may not be feasible, one could opt
for a long weekend catch-up sleep as a strategy to reduce sleep propensity. Consequently,
an inconsistency between weekday and weekend sleep patterns among socially anxious
people could be established. These statements agree with a large-scale biobank study by
Wainberg and associates (2021), who found sleep pattern differences in mentally
disordered subjects. Based on this evidence, asserting the association between social

anxiety trajectories and social jetlag is logical.

Although previous evidence of social anxiety trajectories and social jetlag is lacking, this
study’s justification is not groundless. What the author reasoned above is consistent with
earlier works like Ehlers and co-authors' (1988) social zeitgeber (i.e., social rhythm)
theory which posits that disruption of social rhythms like social interaction with others
could damage the circadian rhythm, and Shear and colleagues' (1994) who identified low
social rhythmicity among anxiety disordered people. Overall, it is credible that negative
cognitive style and irregular social rhythm disrupt sleep and circadian clock in individuals

with social anxiety, thus increasing the risk of social jetlag.
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As we all know, sleep problems are prominent among socially anxious individuals; it is
not surprising that the study found such a significant relationship between moderately
increasing social anxiety trajectories and social jetlag (Alfano et al., 2007; Guastella &
Moulds, 2007; Ramsawh et al., 2009). As per prior studies, people with social anxiety are
prone to intrusive thoughts and constant worrying, which impact their ability to relax and
mentally wind down before bedtime (Brozovich & Heimberg, 2008; Harvey & Greenall,
2003; M. B. Stein et al., 1993). Individuals with persistently high social anxiety could
experience frequent difficulty falling asleep or staying asleep due to heightened anxiety
and distress (Buckner et al., 2008). Therefore, though only marginally significant, it is
unsurprising that the association between social anxiety trajectories and social jetlag was

established in this study.

Unexpectedly, the association between “high increasing” social anxiety trajectories and
social jetlag was not significant in the current study. Such a finding could be due to the
small group proportion, which limits the detection of statistical significance. Future
research should consider increasing the sample proportion of such high and increasingly
socially anxious individuals. As for the nonsignificant associations between “moderate
increasing” and “high increasing” social anxiety trajectories and social jetlag, the author
speculates that a moderate social anxiety trajectory alone was insufficient to initiate
subsequent social jetlag during young adulthood. Such speculation is based on the fact
that although sleep disturbance in social anxiety is highly discussed, it is, in fact, not a
core diagnostic criterion of social anxiety, unlike mental disorders like generalized
anxiety disorder (GAD), post-traumatic stress disorder (PTSD), and depression

(American Psychiatric Association, 2013; Mellman, 2006). Moreover, the author’s
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conjecture made more sense when depressive symptoms were included as a mediator; the
relationship between “moderate increasing” and “moderate to low” social anxiety
trajectories and social jetlag, which will be discussed in the next section, became

significant.

5.3 Mediating effect of depressive symptoms on the relationship between social
anxiety trajectories and social jetlag

The current study is the first to report that depressive symptoms could act as a mediator
between social anxiety trajectories and social jetlag. The current findings showed that
depressive symptoms mediated the relationship between social anxiety trajectories and
social jetlag. Specifically, the “moderate increasing” and “high increasing” social anxiety
trajectory was associated with higher depressive symptoms, increasing the likelihood of
social jetlag. In addition, the “moderate to low” social anxiety trajectory was related to
lower depressive symptoms, decreasing the odds of having social jetlag. Notably, the
mediating effects found in this study are consistent with one of the few relevant works by
Buckner and colleagues (2008) and Bogusch et al. (2016), where social anxiety is
positively associated with depressive symptoms and that depressive symptoms are
negatively associated with sleep. It is not surprising that the study found such significance,
as social anxiety tends to co-occur with depressive symptoms, and both social anxiety
and depressive symptoms have been linked to sleep disturbances, thus, likely to develop
social jetlag. However, the question of why this mediation is present for “moderate

increasing”, “moderate to low” and “high increasing” social anxiety trajectories but not

“high stable” patterns remains open.
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Possible explanations of each social anxiety trajectory regarding the significance of the
mediator are discussed accordingly. For “moderate increasing” and ‘“high increasing”
social anxiety trajectories, one possible explanation is that, in addition to the intense yet
chronic levels of social anxiety, elevated depressive symptoms could exacerbate pre-
existing negative thinking, sleep disturbance, and irregularity, thus, further perpetuating
the misalignment of social and biological time. This could be further confirmed by
physiological evidence that discovered alterations in the suprachiasmatic nucleus (SCN)
of the hypothalamus, a crucial part of controlling the human biological clock, among
depressive people, leading to circadian rhythm disruption (Vadnie & McClung, 2017,

Zhou et al., 2001).

“Moderate to low” social anxiety trajectory was associated with decreased risk of social
jetlag through lower depressive symptoms. Along with the downtrend of social anxiety
levels, lower depressive symptoms may be related to less worrying and ruminating, fewer
sleep disturbances, and fewer issues with social jetlag. Results were partly congruent with
past studies showing that excessive worry and rumination affiliated with psychiatric
disorders are frequently connected to poor sleep (Carney et al., 2006; Tousignant et al.,
2019). These individuals were possibly more able to manage pre-sleep negative thoughts,
reducing their odds of disrupted sleep and social jetlag. Also, the author supposed the
same significance for “high stable” trajectory, but the outcome was unexpected. This

could be attributable to the small group size, as mentioned previously.

Keep in mind that the results were unique to this study, and careful interpretation is
required. Further studies with a larger sample are suggested to validate these apparent

results. Perhaps with a larger sample size, outcomes of the nonsignificant trajectory would
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be turned around. Lastly, the author attempted to search for more concrete evidence to
support the study hypothesis; sadly, no mediational finding was evident. Nevertheless, it
is certainly possible that socially anxious individuals may develop depressive
symptomatology, which then leads to social jetlag. Prospective work is needed to
investigate the complex interplay between social anxiety trajectories, depressive
symptoms, and social jetlag. Understanding the relationship between these factors may
be vital to developing effective prevention and treatment strategies for social jetlag among

socially anxious individuals.

5.4 Study strengths and limitations

Both strengths and limitations in this study are noteworthy. First of all, this study
identified long-term trajectories of social anxiety across childhood aged 7 to young
adulthood aged 20 based on yearly evaluation. Indeed, a thorough search of social anxiety
trajectories-related literature revealed that Miers and colleagues' (2013) study also
analyzed individuals with an impressive age range of 9 to 21. However, it is essential to
note that the mentioned research relied on cohort sequential design using merely four
annual assessments and a smaller sample of around 330 people. Comparatively, study
results were based upon actual data that are measured annually and stretched over 14
years. Also, noticeably, the study sample size was considered larger than most of the
relevant literature. Secondly, as far as it is known, this is the first Asian and Taiwanese
study to delineate specifically social anxiety trajectories from middle childhood to young
adulthood and further suggest their marginal significant association with social jetlag
during early adulthood. Thirdly, this investigation was the first to unravel the triangular

relationship between social anxiety trajectories, depressive symptoms, and social jetlag.
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Study results shed light on the impact of social anxiety trajectories on social jetlag through

the mediating role of depressive symptoms.

Undoubtedly, the empirical research conducted had several limitations. First, the study
sample was restricted to participants from northern Taiwan, specifically Taipei City and
Hsinchu County, which accounts for only a small part of the northmost region of Taiwan.
Thus, the generalizability of research findings is limited. Second, study data relied on
self-reported questionnaires as an indicator of social anxiety and social jetlag. Data
constraints create a potential source of recall bias, likely jeopardizing the study result's
credibility. Third, the use of secondary data may have limited the comprehensiveness of
the study variables. For example, main variables like social anxiety were measured using
specific questions from the original Social Anxiety Scale for Adolescents (SAS-A), and
the usage of these selected yet readily available variables may unknowingly neglect other
major aspects of social anxiety, namely the social avoidance and distress in general (SAD-
G) domain. Fourth, just like any longitudinal study, lost to follow-up issue of study data
source was also concerning. Approximately only 44% of the original sample of 2,855
participants were analyzable. Fifth, the association between social anxiety trajectories and
social jetlag, specifically the “high stable” pattern, was only marginally significant.
Future studies with larger sample size are recommended to confirm such association. Last,
findings from this study do not imply direct causal relationships between social anxiety
trajectories and social jetlag nor indirect causal relations caused by depressive symptoms.
Further experimental research is necessary to determine causality. Taken together, caution
should be exercised when generalizing and extrapolating study results to other

populations.
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Chapter 6 Conclusion and Implications

This chapter presents the study’s conclusion by synthesizing the main findings associated
with the study’s research objectives. Implications were proposed as considerations for

future scholars and policymakers when promoting sleep health among young adults.

6.1 Conclusion

6.1.1 Characteristics of social anxiety, social jetlag, and other variables

In sum, the mean social anxiety score of participants aged 7 to 20 was between 9.48
and 10.41. The proportion of participants with social jetlag, with a cut-off point of
1-hour, was 46.85%, while prior social jetlag was 46.13%. The mean score for
mediating depressive symptoms (8.98) was slightly lower than prior depressive
symptoms (9.29). The most frequently reported category for covariates like paternal
and maternal education level, paternal and maternal income, and family structure
was university and above, monthly income between NT$40,000 and NT$99,999,

and two-parent families, respectively.

6.1.2 Social anxiety trajectories from middle childhood to young adulthood
The study sample demonstrated five groups of social anxiety trajectories, including:
“low stable”, “moderate increasing”, “moderate to low”, “high stable,” and ‘“‘high

increasing”. Each trajectory membership contained 49.16%, 21.23%, 16.92%,

7.34%, and 5.35% of the sample.

6.1.3 Associations between social anxiety trajectories and social jetlag
Multiple logistic regression revealed nonsignificant associations between three

2 [13

social anxiety trajectories (particularly the “moderate increasing”, “moderate to
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low”, and “high increasing” pattern) and social jetlag; and marginal significant
association between social anxiety trajectory (specifically the “high stable” pattern)

and social jetlag.

6.1.4 Mediating role of depressive symptoms between social anxiety
trajectories and social jetlag

Mediation analyses found significant indirect effects of depressive symptoms on
the relationship between “moderate increasing” social anxiety trajectory and social
jetlag. Similar mediating effects were discovered between “moderate to low” and
“high increasing” social anxiety trajectories and social jetlag. Specifically,
compared to the “low stable” pattern, people with “moderate increasing” or “high
increasing” social anxiety trajectories were likely to have higher depressive
symptoms, leading to a higher probability of developing social jetlag. Conversely,
individuals with “moderate to low” pattern social anxiety trajectories were likely to
have lower levels of depressive symptoms, leading to a lower chance of developing

social jetlag.

6.2 Implications

The findings contribute to a better understanding of the association between social anxiety
trajectories and social jetlag among Taiwanese samples. The present research highlights
the complex mediating role of depressive symptoms in their relationship. The current
study emphasizes the need to notice the long-term effect of social anxiety from childhood
to young adulthood. Despite marginal significance, it could provide practical implications
for social jetlag preventative measures, especially among individuals with highly stable

social anxiety trajectories. For instance, the author suggests promoting sleep health by
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improving social skills, increasing emotional awareness, or developing school-based cog-
nitive behavioral therapy programs. Also, study results showed indirect effects of depres-
sive symptoms in “moderate increasing”, “moderate to low” or “high increasing” socially
anxious individuals and their association with later social jetlag. The presence of depres-
sive symptoms should be considered when designing sleep health promotion interven-
tions for people with social anxiety. Future investigations are necessary to validate the
conclusions drawn from this study. In terms of methodology, future research could con-
sider including the social avoidance and distress in general (SAD-G) domain-related
items excluded from this study’s data source. Comprehensive questionnaires measuring
different dimensions of social anxiety could provide a more accurate picture of socially

anxious individuals.
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Table A1 Social anxiety

Items No. Year Questions Scoring  Factor
7 1 2001-2014 Do you fear meeting new friends inthe 1to 3 Social avoidance specific
past two weeks? to new situations or
unfamiliar peers
2 2001-2014 Do you fear that others will ridicule 1to3 Fear of negative evaluation
you in the past two weeks?
3 2001-2014 Do you fear talking to people you do 1to3 Social avoidance specific
not know in the past two weeks? to new situations or
unfamiliar peers
4 2001-2014 Do you fear that others will laugh at 1to3 Fear of negative evaluation
you in the past two weeks?
5 2001-2014 Do you fear that others will judge you 1to3 Fear of negative evaluation
in the past two weeks?
6 2001-2014 Do you fear that others will dislike you 1 to3 Fear of negative evaluation
in the past two weeks?
7 2001-2014 Do you fear being in public, whether 1to 3 Social avoidance specific

performing in front of others or

answering people's questions?

to new situations or

unfamiliar peers
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Table A2 Social jetlag

Items No. Years Questions
8 1 2007-2014 Bedtime during school days or weekdays (hour)
2 2007-2014 Bedtime during school days or weekdays (minute)
3 2007-2014 Wake-up time during school days or weekdays (hour)
4 2007-2014 Wake-up time during school days or weekdays (minute)
5 2007-2014 Bedtime during free days or weekends (hour)
6 2007-2014 Bedtime during free days or weekends (minute)
7 2007-2014 Wake-up time during free days or weekends (hour)
8 2007-2014 Wake-up time during free days or weekends (minute)

Table A3 Depressive symptoms

Items No. Year Questions Scoring
6 1 2001-2014 How often have you been bothered by poor 1to3
appetite or overeating in the past two weeks?
2 2001-2014 How often have you felt down or sad in the 1to3
past two weeks?
3 2001-2014 In the past two weeks, how often have you 1to3
been crying without any reason?
4 2001-2014 How often do you find it hard in the past two 1 to 3
weeks when doing things?
5 2001-2014 How often have you been feeling scared in the 1 to 3
past two weeks?
6 2001-2014 How often have you felt little interest or 1 to3

pleasure in doing things in the past two weeks?
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Table A4 Covariates

Variable Items No. Year Questions Scoring
Sex 1 1 2001 What is your sex? 1-2
Parental education 1 1 2004, 2007, What is your father's or mother's education 1-3
2010, 2011, level?
2013-2014

Parental income 1 1 2001-2005  What is your average monthly income in the 1-3
previous year (including salaries, agricultural
income, business income, investment income,
employee allowances, bonuses, and
dividends)?

Family structure 1 1 2001-2006 ~ What are your parents’ marital status? 1-8

1-10 (20006)
7 1 2007-2014  What are your parents’ marital status? 1-3

2 2007-2014 Do your parents live together? (deceased O0-1
father)

3 2007-2014 Do your parents live together? (deceased O0-1
mother)

4 2007-2014 Do your parents live together? (parents living 0-1
together)

5 2007-2014 Do your parents live together? (father come 0-1
home only during the weekends)

6 2007-2014 Do your parents live together? (mother come 0-1
home only during the weekends)

7 2007-2014 Do your parents live together? (parents do not 0-1
live together)

Family support 7 1 2001-2014  Did your father or mother encourage you when 1-4
you encountered problems or performed
poorly in the past year?

2 2001-2014  Did your father or mother praise you when you 1-4

performed well in the past year?
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3 2001-2014  Did your father or mother comfort you when 1-4
you were feeling down in the past year?
Table A4 Covariates (continued)
Variable Items No. Year Questions Scoring
Family support 7 4 2001-2014 Did your father or mother care for you in the past  1-4
year when you were not feeling well?
5 2001-2014 Does your father or mother listen to you 1-4
attentively when you have something to tell in
the past year?
6 2002-2014 Has your father or mother taken the initiative to  1-4
care about you in the past year?
7 2010-2014 Did your father or mother give you advice when 1-4
you needed it in the past year?
Peer support 12 1 2007-2014 How do you get along with your close friends?: 1-5
They listen to me when I am angry.
2 2007-2014 They know much about me or care about me 1-5
3 2007-2014 They comfort me when I am sad 1-5
4 2007-2014 They are willing to spend time doing things with  1-5
me
5 2007-2014 They are willing to share their belongings with 1-5
me
6 2007-2014 They help me solve problems 1-5
7 2007-2014 They give advice when I need to make a decision 1-5
8 2007-2014 They remind or give advice to me from time to 1-5
time
9 2007-2014 They explain to me when I do not understand 1-5
10 2007-2014 They talk about my strengths 1-5
11 2007-2014 They compliment me when I perform well 1-5
12 2007-2014 They ask for my advice when they need to make 1-5
a decision
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Table AS Comparison between complete cases and original sample characteristics

Complete cases (n=1,248) Original sample (N=2,855) ,
n % Mean SD n % Mean SD
Sex 2.18
Male 605 48.48 1,455 50.98
Female 643 51.52 1,399 49.02
Paternal education level 0.54
Junior high school or below 102 8.17 228  8.03
High school 402 32.21 884 31.15
University or above 744 59.62 1,726 60.82
Maternal education level 0.46
Junior high school or below 94 7.53 207  7.30
High school 498  39.90 1,106 39.00
University or above 656 52.56 1,523 53.70
Paternal income 12.91**
<NT$39,999 165 13.22 450 15.76
NT$40,000 to NT$99,999 670 53.69 1,362 47.71
>NT$100,000 413  33.09 1,043 36.53
Maternal income 7.37*
<NT$39,999 144  11.54 377 13.20
NT$40,000 to NT$99,999 665 53.29 1,392 48.76
>NT$100,000 439  35.18 1,086 38.04
Family structure 2.34
Single-parent household 313  25.08 626 22.86
Dual-parents household 935 74.92 2,112 77.14
Social jetlag 258.97***
<1-hour 663 53.13 2,228 78.04
>1-hour 585 46.88 627 21.96
Prior social jetlag 1.54
<1-hour 672 53.85 1,597 55.94
>1-hour 576  46.15 1,258 44.06
Family support 1,248 17.30 3.19 2,853 17.21 3.36 0.31
Peer support 1,248 44.30 7.98 2,688 44.00 845 0.31
Prior depressive symptoms 1,248 9.29 1.56 2,853 9.15 159 7.71**

Notes. SD=standard deviation; Z= Mann-Whitney U test; X2= Chi-squared test.
*p<0.05; ** p<0.01; ***p<0.001.
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Table A5 Comparison between study sample and original sample characteristics (continued)

Complete cases (n=1,248) Original sample (N=2,855)
n % Mean SD n % Mean SD

Depressive symptoms 1,248 8.98  2.60 1,910 8.9t (256 0.83
Social anxiety

Age 7 995 10.11 2,199 10.11  3.07 0.09
Age 8 1,193 10.08 2,717 10.05 2.79 0.51
Age 9 1,143 9.81 2,572 981 271 0.50
Age 10 1,105 9.83 2,459 9.87 297 0.01
Age 11 1,087 9.63 2,394 9.61 2.82 0.33
Age 12 1,091 9.95 2,375 9.81 284 1.53
Age 13 1,086 10.06 2,314 991 3.00 1.60
Age 14 1,115 9.96 2,317 979 299  4.23*
Age 15 1,080 10.08 2,234 995 3.12 2.69
Age 16 1,168 10.42 2,282 10.28 3.28 1.74
Age 17 1,231 10.27 2,413 10.17 3.29 1.41
Age 18 1,193 9.92 2,214 9.84 3.19 0.25
Age 19 1,175 9.81 2,007 9.73 3.17 0.51
Age 20 1,168 9.49 1,915 9.37 3.05 1.15

Notes. SD=standard deviation; Z= Mann-Whitney U test.
*p<0.05.
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