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Abstract
Young adults experience a variety of changes when entering university (e.g., leaving
home for the first time). Although some students adjust well to university, others may
experience difficulties. Two problems that may be experienced are sleep problems and
difficulties regulating emotion; importantly, both of these factors are associated with a
variety of adjustment indicators. Throughout this dissertation, the three adjustment
indicators that were of interest were physical activity, depressive symptoms and alcohol
use as all three are common throughout university. As little work has examined the
direction of effects between all of these factors, a longitudinal dataset was used to
examine the relationships among these factors in two ways. Participants included 1132
first year undergraduate students (Time 1 Mage = 19.06 years, SD = 11.17 months). The
first method was the use of a variable-centered analysis which was used in Studies 1 and
2. Study 1 focused on the relationships among sleep problems, emotion dysregulation,
and physical activity and Study 2 focused on the relationships among sleep problems,
emotion dysregulation, depressive symptoms, and alcohol use. Study 3 used a personcentered analysis which allowed for the examination of heterogeneity in the patterns of
association between variables. Specifically, this study involved examining heterogeneity
in the associations between sleep problems and emotion dysregulation, and how these
patterns were related to depressive symptoms and alcohol use in both the short- and longterm. Overall, these studies indicate that sleep and emotion dysregulation are both
bidirectionally related over time and also co-occur for a subgroup of individuals. The
results also indicate that difficulties in adjustment experienced early on in university may
have lasting effects.
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Chapter 1 - General Introduction
Sleep quality is considered to be of great importance across the lifespan. Indeed,
the National Sleep Foundation (NSF) has numerous articles outlining the importance of
sleep quality in a variety of areas (e.g., sleep disorders, sleep problems, sleep for travel,
sleep during pregnancy, insomnia, etc.; National Sleep Foundation, 2017). Given the
focus of this dissertation on a sample of undergraduate students, my interests were mainly
on the relationships between sleep problems and indicators of adjustment that are
important throughout this period of life (albeit also important throughout the lifespan).
The set of research studies included in this dissertation focus on three indicators of
adjustment in particular: alcohol use, depressive symptoms, and physical activity. All
three adjustment indicators are common problems among university students. Many
students engage in less physical activity compared to the amount they engaged in
throughout high school (Bray & Born, 2004; Deliens, Deforche, De Bourdeaudhuij, &
Clarys, 2015), engage in high levels of binge drinking (Johnston, O´Malley, Bachman, &
Schulenberg, 2007; Willoughby, Good, Adachi, Hamza, & Tavernier, 2013), and report
mental health problems (e.g., depression) (Center for Behavioral Health Statistics and
Quality, 2015; Pearson, Janz, & Ali, 2013).
Past research has indicated that sleep problems are associated with lower physical
activity (e.g., Brand et al., 2010; Gerber, Brand, Holsboer-Trachsler, & Pühse, 2010),
depressive symptoms (e.g., Armstrong & Oomen-Early, 2009; Conti, Adams, & Kisler,
2014), and alcohol use (e.g., DeMartini & Fucito, 2014; Digdon & Landry, 2013), but the
majority of this work tends to be concurrent or cross-sectional, which does not provide
information on temporal precedence (i.e., whether sleep is a predictor or an outcome).
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Little longitudinal work has examined these associations across time. Conducting
longitudinal research in this area can help address issues of temporal precedence, as well
as identify potential mechanisms for how sleep is associated with adjustment over time.
Throughout my dissertation, I focus on the role of emotion dysregulation as a
mechanism through which sleep problems may be associated with adjustment in
university. Emotion regulation is defined by Gross (1998) as “…the processes by which
individuals influence which emotions they have, when they have them, and how they
experience and express these emotions.” (p. 275). Thus, emotion dysregulation is being
unable to use these regulatory processes to modulate emotional responses effectively.
More specifically, Carpenter and Trull (2013) define it as, “…the inability to flexibly
respond to and manage emotions,” (p. 1). In this thesis, the focus is on regulating
emotions when one is upset or stressed. The ability to regulate emotions is associated
with numerous factors that are related to well-being both concurrently and over time
(e.g., social ties, experiencing positive affect, self-esteem, and life satisfaction; Gross &
John, 2003; Semplonius, Good, & Willoughby, 2014; Tavernier & Willoughby, 2014).
Furthermore, emotion dysregulation has been linked to sleep problems (e.g., Cerolini,
Ballesio, & Lombardo, 2015), physical activity (e.g., Ready, Marquez, & Akerstedt,
2009), alcohol use (e.g., Messman-Moore, Ward, Zerubavel, Chandley, & Barton, 2015),
and depressive symptoms (e.g., Markarian, Pickett, Deveson, & Kanona, 2013). Few
research studies, however, have examined these associations across time.
Thus, two areas of interest that are pertinent to my dissertation is the examination
of long-term associations between sleep problems and emotion dysregulation, and how
sleep problems and emotion dysregulation are associated with indicators of adjustment
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over time. To address these issues, I conducted three studies. I am first author on each of
these papers which indicates that I took a lead role in each project idea and
conceptualization, the data analysis (both independently and with my supervisor, Dr.
Willoughby), and in the writing of the first draft of each manuscript.
Theoretical Models
Given the focus on emotion dysregulation as a mechanism, it is important to
understand how sleep problems and emotion dysregulation are related. In a recent review,
Vandekerckhove and Wang (2017) discussed how the relationship between sleep and
emotions/emotion dysregulation is complex and that much more work has to be
conducted in this area to fully understand this association. Throughout the literature,
however, a few models have been proposed for how sleep and emotion dysregulation
may be linked. The first is the Attention-Intention-Effort Pathway (Espie, Broomfield,
Macmahon, Macphee, & Taylor, 2006). The second model was developed in a recent
review paper by Palmer and Alfano (2017) in which the authors integrate Gross’ (2002)
process model for emotion dysregulation with sleep. The final model provides a
mechanism by which sleep may impact on emotional processing (Yoo, Gujar, Hu, Jolesz,
& Walker, 2007).
Attention-Intention-Effort Pathway. Espie et al. (2006) provide a model (see Figure 11) which integrates factors that are related to the development of psychophysiologic
insomnia (an insomnia subtype most relevant to difficulties initiating sleep). Although
my research area does not specifically examine insomnia as a clinical measure, this
model is one way of understanding how sleep problems may be related to emotion
dysregulation. First, the authors relate selective attention to insomnia. Briefly, individuals
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Figure 1-1. Attention-Intention-Effort Pathway model adapted from Broomfield and
Espie (2005). This model demonstrates that these pathways to maintaining insomnia
symptoms can be reinforcing.
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may focus their attention on sleep or worrying about not being able to sleep well, thereby
resulting in poor sleep quality (Espie et al., 2006). Next, the authors outline explicit
intention and its relation to insomnia. Individuals with healthy sleep may engage in
routine and automatic behaviours to start their sleep process, whereas those with
insomnia may try to explicitly force sleep cues. Espie et al. (2006) note that trying to
force these sleep cues creates more cognitive arousal which can result in problems going
to sleep. Finally, sleep effort is the process of actually sleeping. For example, individuals
can exert energy on actually falling asleep (e.g., lying in bed trying to actually fall
asleep), or by exerting effort on their surroundings to try and promote sleep (e.g., going to
bed earlier to try and increase the chance of sleeping; Espie, 2006). However, Espie
indicates that in the long run, both of these sleep effort practices can actually inhibit sleep
even if there may be initial benefits.
This framework suggests that cognitive factors are of great importance to sleep
quality. It may be that the inability to regulate emotions increases cognitive load
(Deveney & Pizzagalli, 2008) and, as a result, impedes sleep. Indeed, in a sample of
young adult low-SES women, experiencing negative emotions predicted poor sleep
quality both directly and indirectly through emotion dysregulation (positive emotions
only indirectly predicted sleep quality via emotion dysregulation; Hoag, Tennen, Stevens,
Coman, & Wu, 2016).
Integrated Process Model of Emotion Regulation. A recent review paper by
Palmer and Alfano (2017) integrated sleep with Gross’ (2002) process model for emotion
dysregulation. In the process model, Gross (2002) indicated that emotional responses to
our experiences can occur in two ways. We can either deal with an emotion or an
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emotional experience before it has occurred (i.e., “antecedent-focused regulation”; for
example, reframing a future situation into a positive light so as to lessen anxiety) or after
it has occurred (i.e., “response-focused regulation”; for example, downplaying the
anxiety you may currently be feeling; See Figure 1-2). Gross (2002) indicates that
antecedent processing has four components: 1) situation selection, in which individuals
choose whether or not to engage in a certain emotionally-evoking situation, 2) situation
modification, in which individuals may change their perspective about the situation with
the goal of adjusting their emotional experiences, 3) attentional deployment, in which
individuals either attend to – or do not attend to – the emotionally-evoking stimulus, and
4) cognitive change, in which individuals alter the emotionally-evocative stimuli’s
meaning. Response-focused emotion regulation is comprised only of one stage –
response modulation. As the name suggest, this is when individuals alter the manner in
which their emotions are displayed after already experiencing the emotion (Gross, 2002).
Palmer and Alfano (2017) have taken Gross’ process model and linked each module
to previous sleep research. In their review, Palmer and Alfano (2017) indicate that
individuals with poor sleep tend to 1) engage in different situations (e.g., engage in fewer
social activities) than individuals with good sleep patterns (e.g., Carney, Edinger, Meyer,
Lindman, & Istre, 2006), 2) have difficulties modifying situations in positive ways (e.g.,
Gordon & Chen, 2014), and 3) are more reactive and attend more to negative stimuli than
to positive stimuli (e.g., Yoo et al., 2007). Palmer and Alfano suggest that one area that
appears to be less affected by sleep is stage 4 of the process model – cognitive change.
They indicate that past research examining associations between sleep and cognitive
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Figure 1-2. Process model of emotion dysregulation adapted from Gross (2002).
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reappraisal are mixed, with some research finding links between sleep problems and
difficulties reappraising (e.g., Mauss, Troy, & LeBourgeois, 2013) and other research
finding that sleep-deprived individuals who use cognitive reappraisal frequently attend
less to negative stimuli than sleep deprived individuals using this strategy less frequently
(e.g., Cote, Jancsar, & Hunt, 2015). Palmer and Alfano conclude that research examining
response modulation is limited and results are unclear as to how sleep is associated with
this stage of the process model.
Emotional Processing. An emotional processing model of the relationship between
sleep and emotion dysregulation is based on a study conducted by Yoo, Gujar, Hu,
Jolesz, and Walker (2007). Yoo et al. set out to examine whether sleep deprivation is
associated with problems processing emotional stimuli based on two neural networks: the
amygdala and prefrontal cortex. These neural networks were chosen as emotions are
generally processed and regulated by the amygdala and the pre-frontal cortex (for a
review see Beer & Lombardo, 2007). Yoo et al. focused on this neural network in two
groups of adults: a sleep-deprived group and a control group.
On the first day of the experiment, participants were divided into either the sleep
deprivation group (who stayed awake the entire following night) or the control group
(who slept normally). The next day, participants were shown a set of emotional stimuli
and were asked to indicate the emotion on each face while being scanned with fMRI. Yoo
et al. (2007) found that when viewing negative stimuli, sleep-deprived individuals
displayed more reactivity in their amygdala and less prefrontal cortex activity than the
control group. Yoo et al. suggested that sleep-deprived individuals’ regulatory abilities
were unable to dampen these neural responses to emotional stimuli. Given this, it may be
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that sleep problems promote both increased reactivity to negative emotions and a
decreased ability to regulate these emotional responses (i.e., emotion dysregulation).
Sleep, Emotion Dysregulation and Adjustment
Although these models provide ways in which the relationship between sleep
problems and emotion dysregulation are associated, my goal was not to specifically test
these theories. Rather, they are used in this dissertation to help explain why and how these
factors are related. For example, sleep problems could predict emotion dysregulation
because sleep may alter the manner in which emotions are processed, and/or emotion
dysregulation could predict sleep problems because the inability to effectively cope with
emotions may increase cognitive arousal and impede sleep initiation.
I had two overarching goals in my dissertation. The first goal was to examine how
sleep problems and emotion dysregulation are related to psychosocial adjustment in the
short- and long-term. I addressed this goal in Studies 1 and 2 in which I examined the
relationships among sleep problems, emotion dysregulation, and physical activity across
three years of university (Study 1) and among sleep problems, emotion dysregulation,
depressive symptoms, and alcohol use (Study 2) over five years, starting when students
were in their first year of university.
The second goal was to examine individual differences in the associations
between sleep problems and emotion dysregulation, given that these factors tend to be
indicators of a variety of mental health problems (Fairholme et al., 2013a). For example,
individuals could have different patterns of association in the relationship between sleep
problems and emotion dysregulation (e.g., individuals could display high levels of both
or just one factor). Therefore, I examined how these patterns of association between sleep
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problems and emotion dysregulation are related to alcohol use and depressive symptoms
given their prevalence throughout university (Center for Behavioral Health Statistics and
Quality, 2015; Johnston et al., 2007; Pearson et al., 2013; Willoughby et al., 2013). I
addressed this goal in Study 3 in which I conducted a latent class analysis to ascertain
how individuals differ in their associations between sleep problems and emotion
dysregulation. Outlined below is a summary of each of the studies and their contributions
to the research field.
Summary of the Present Studies
Study 1. Past research has been inconsistent in its examination of the relationship
between sleep problems and physical activity. One of the reasons for this inconsistency is
the model or research question used to address this association. I addressed the issue in
Study 1. In the past, researchers have tended to frame their research questions as “onesided” examinations into the association between sleep problems and physical activity. In
other words, researchers have examined 1) the impact of sleep problems on physical
activity (Garaulet et al., 2011; Martin, 1981; Schmid et al., 2009), or 2) the impact of
physical activity on sleep (Brand et al., 2014; Myllymäki et al., 2011; Youngstedt,
Kripke, & Elliott, 1999). This has resulted in a plethora of mixed findings as to what is
the relationship between sleep and physical activity. Indeed, the direction of effects
between sleep and physical activity is unclear. Inconsistent findings also suggest that
there may be potential mechanisms through which sleep and physical activity are related.
In Study 1, therefore, I had two goals. The first was to examine the longitudinal
relationship between sleep problems and physical activity. The second was to examine a
potential mechanism by which sleep and physical activity are related, namely, the role of
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emotion dysregulation. Using an autoregressive cross-lag path analysis in this study
allowed me to test both the direction of effects across time, and indirect effects – or
potential mechanisms – by which they may be related.
Study 2. Past research has indicated that sleep problems and emotion
dysregulation are related (see Cerolini et al., 2015), but little work has examined the
direction of effects between these two factors. Further, both sleep and emotion
dysregulation are associated with alcohol use (e.g., Digdon & Landry, 2013; Dragan,
2015) and depressive symptoms (e.g., Conti et al., 2014; Nolen-Hoeksema & Aldao,
2011), two adjustment indicators that are important throughout university. In the second
study of my dissertation, there were three goals. The first was to examine the potential
bidirectional association between sleep problems and emotion dysregulation. The second
was to examine short- and long-term associations between sleep problems and emotion
dysregulation, as well as depressive symptoms and alcohol use. The third goal was to
examine whether emotion dysregulation is a mechanism through which sleep is
associated with both depressive symptoms and alcohol use over time.
Using an autoregressive cross-lag path analysis in this study allowed me to
examine short- and long-term associations among sleep problems, emotion dysregulation,
and the two adjustment indicators. Overall, this study allowed me to address gaps in the
literature by providing a comprehensive, longitudinal model that allows for the
examination of temporal order between indicators that are important for university
students.
Study 3. Given the nature of the association between sleep problems and emotion
dysregulation (as Studies 1 and 2 indicated there was a bidirectional association between
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these two factors) and the fact that they tend to be transdiagnostic (i.e., they are common
indicators of many health problems; Fairholme et al., 2013), the first goal of the third
study of my dissertation was to examine whether there are groups of people with different
patterns of association between sleep problems and emotion dysregulation. The second
goal was to examine whether these patterns of association were differentially related to
depressive symptoms and alcohol use in both the short- and long-term.
To address the first goal, a latent class analysis was conducted to examine
heterogeneity in the associations between sleep problems and emotion dysregulation. To
address the second goal, MANOVAs were conducted to examine group differences on
depressive symptoms and alcohol use in both the short- and long-term (i.e., four years
later). This allowed me to specifically examine whether different patterns of association
of these difficulties are related to the two adjustment indicators.
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Chapter 2 - The direction of effects in the link between
physical activity and sleep quality1
Sleep experts (e.g., National Sleep Foundation, Centers for Disease Control and
Prevention) and popular culture (Rampton, 2015) have inundated us with the idea that
engaging in physical activity can promote better sleep. In fact, a quick Google search
with the question, “Can exercise make you sleep better?” leads to many sites that tell us
that, yes, it can. Findings from research examining this relationship, however, are mixed,
with some studies finding a significant association and others not (Youngstedt, 2005). For
example, Youngstedt et al. (2003) measured sleep and physical activity in undergraduates
(using self-reported exercise and sleep diaries) and adults (using actigraphy and diaries),
and found that there were no significant correlations between sleep and physical activity
(see also Mitchell et al., 2016). Reasons for the mixed results (i.e., some researchers
finding associations whereas others have not) may be the manner in which the studies are
conducted and how the research question is framed. The majority of studies examining
the associations between sleep and physical activity are cross-sectional, quasiexperimental or experimental, with researchers examining only one direction of
associations. For example, researchers examine either 1) the effect of physical activity on
sleep (Brand et al., 2010a, 2010b, 2014, 2016; Buman, Phillips, Youngstedt, Kline, &
Hirshkowitz, 2014; Gerber, Brand, Holsboer-Trachsler, & Pühse, 2010; Myllymäki et al.,
2011, 2012; O’Connor, Breus, & Youngstedt, 1998; Youngstedt, Kripke, & Elliott,

1

The content of this chapter has been revised and resubmitted to Medicine & Science in
Sports & Exercise.
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1999), or 2) the effect of poor sleep/sleep deprivation on exercise (Garaulet et al., 2011;
Martin, 1981; Schmid et al., 2009; Weaver et al., 1997).
Findings from research examining the effects of physical activity on sleep are
mixed. Myllymäki et al. (2011) had 11 participants engage in one day with late-night
exercise and another day with no late-night exercise and observed their sleep on those
nights in a lab. Participants’ reported sleep quality did not differ depending on whether
they had exercised (the only finding was that there was less REM sleep after exercising).
Similarly, Myllymäki et al. (2012) found no effect of varying intensity of physical
activity on 14 male participants’ sleep quality compared to days with no physical activity
(for similar results see O’Connor et al., 1998; Youngstedt et al., 1999). In contrast, others
have found significant effects of physical activity on sleep. Group comparison research
with adolescents (non-random group assignment) revealed that 258 athletes reported
better sleep quality than 176 non-athletes (Brand et al., 2010b), and 17 adolescents who
exercised for ~8 hours a week had better objective sleep quality (measured through EEG)
than 21 adolescents who exercised ~2 hours a week (although these non-randomized
groups did not differ on subjective sleep quality; Brand et al., 2010a). Furthermore, in a
study of 862 undergraduates, students who thought they were less active or less in shape
concurrently reported poorer perceived sleep quality than students who perceived
themselves as being more active and more in shape (Gerber et al., 2010). An
experimental/longitudinal study by Kalak et al. (2012), using random assignment,
examined whether 27 adolescents who ran for 30 minutes in the morning for three weeks
showed more improvements in sleep than 24 individuals who did not run in the morning.

22
Kalak et al. (2012) found that both objective (EEG measurement) and subjective sleep
quality improved only for those who ran for 30 minutes during weekday mornings.
There has been less research specifically examining the alternate direction of
effects; that is, whether sleep influences subsequent physical activity (Weaver et al.,
1997). Generally, research examining this direction of effects has used experimental
designs. For example, Martin (1981) twice had 8 participants walk on treadmills until
they were exhausted – once after a normal night of sleep and once after 36 hours of sleep
deprivation. Martin (1981) found that physiological differences (e.g., heart rate) were
minimal but participants’ perceptions of how hard they had exercised were higher after
sleep deprivation than after normal sleep, and they also exercised for less time after sleep
deprivation. Schmid et al. (2009) found similar results such that 15 males who were sleep
restricted engaged in less physical activity and less strenuous physical activity than when
they had regular sleep. Furthermore, adolescents who reported sleeping less than 8 hours
a night engaged in more sedentary behaviours than those who reported sleeping for
longer periods of time (however, there were no differences in their moderate/vigorous
physical activity levels; Garaulet et al., 2011).
Conclusions about the direction of effects in the association between sleep and
physical activity, however, require the use of a longitudinal design in which both
temporal order and bidirectionality can be assessed. Only two studies have directly
assessed the bidirectional association between sleep and physical activity, and they were
conducted with older adults. In a two-year longitudinal study of 489 older adults (Mage =
72 years; 87% retention), Holfeld and Ruthig (2014) found that sleep quality predicted
more frequent physical activity over time, but physical activity did not predict better
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sleep quality over time. In contrast, Dzierzewski et al. (2014) found a bidirectional
relationship between sleep quality and exercise in an 18-week, daily diary study of 79
older adults (Mage = 63 years). Given these conflicting results and the focus only on older
adults, the first goal of the present study was to investigate the bidirectional association
between sleep and physical activity in a longitudinal study with university students. The
transition from high school to university often is associated with decreased physical
activity (Bray & Born, 2004; Deliens, Deforche, De Bourdeaudhuij, & Clarys, 2015) and
changes in sleep (e.g., more wake time variability in university than high school; Doane,
Gress-Smith, & Breitenstein, 2015; Urner, Tornic, & Bloch, 2009) making studies of this
age period important for health promotion.
As not all studies have found a direct association between sleep and physical
activity, there is some speculation that the effect between sleep and physical activity may
be indirect. For example, physical activity has been hypothesized to promote better
psychosocial adjustment (Brand et al., 2010a) such as emotion regulation, which in turn
is thought to lead to better sleep; alternatively, exercise could promote sleep and,
therefore, wellbeing (Biddle & Mutrie, 2008). Importantly, previous research has
indicated that emotion regulation is tied to both physical activity (Ready, Marquez, &
Akerstedt, 2009) and sleep (Tavernier & Willoughby, 2014). The second goal of the
current study, therefore, was to examine whether emotion regulation mediates the
relationship between physical activity and sleep quality over time (i.e., does physical
activity promote better emotion regulation over time, and in turn, better sleep quality over
time, and vice versa).
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Method
Participants
The participants were 827 students enrolled at a mid-sized university in southern
Ontario, Canada, who took part in a larger longitudinal study that started when they were
in their first year of university. On average, during the first wave of data collection (i.e.,
Time 1), participants were 19.04 years old (SD = .92 years, range 17.75–25.51 years).
The sample comprised 611 (73.88%) females, and 703 (85.01%) were born in Canada.
Descriptive statistics are listed in Table 2-1. SES data indicated that mean levels of
education for mothers and fathers fell between “some college, university, or
apprenticeship program” and “completed a college/apprenticeship and/or technical
diploma.” Students were surveyed annually. Only data for the second, third and fourth
waves are included in this study as sports team involvement was not assessed in the first
wave.
Procedure
University students from various academic disciplines were invited to complete a
survey examining factors related to stress, coping, and adjustment to university and were
given course credit or monetary compensation for their participation at each time point.
All students who participated in the first assessment were invited to participate again at
each subsequent time point by way of e-mails, posters, and classroom announcements. At
all assessments, the surveys were completed during the winter term. The University
Ethics Board approved the study, and all participants provided informed consent prior to
participation.
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Missing Data Analyses
Missing data occurred within each assessment time point because some students
did not answer every question (average missing data at Times 2, 3, and 4 were 1.971%,
1.914%, and 1.935% respectively) and because some students did not complete all three
waves of the survey (retention rate was 83.9%; Time 2 N = 827, Time 3 N = 714, Time 4
N = 694). At Time 2, missingness was associated with sex, F(2, 765) = 7.372, p = .001,
η2 = .019; participants who completed three waves were more likely to be female than
those who completed two waves, Mdiff = .172 [95% CI .057 - .278], SE = .049, p = .002,
or one wave, Mdiff = .157 [95% CI .004 - .310], SE = .064, p = .043. Missingness also was
associated with moderate physical activity, F(2, 765) = 3.6720 p = .027, η2 = .009;
participants who completed one wave reported less frequent moderate exercise than
individuals who completed three waves, Mdiff = .377 [95% CI .003 - .750], SE = .156, p =
.048. Missingness was not associated with Time 3 or 4 study variables. Missing data were
imputed using the EM (expectation-maximization) algorithm with all study measures
included in the imputation process (Little, 2013). Methodological research has
demonstrated that this method of dealing with missing data is preferable to more common
methods such as pair-wise deletion, list-wise deletion, or mean substitution (Schafer &
Graham, 2002).
Measures
All measures with the exception of demographics were assessed across three years
of university. Sports club involvement also was assessed to control for any specific team
benefits beyond physical activity.
Demographics. Self-reported sex, parental education (one item per parent,
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averaged for participants reporting on both parents), and whether participants were born
in Canada were assessed at Time 1 and used as covariates in all analyses.
Emotion regulation. Emotion regulation was assessed using six items from the
Difficulties in Emotion Regulation Scale (Gratz & Roemer, 2004). The responses were
based on a five-point Likert scale ranging from 1 (almost never) to 5 (almost always).
Cronbach’s alpha at Times 2, 3, and 4 were .74, .76, and .78, respectively. Higher scores
indicated poorer emotion regulation.
Sleep quality. Sleep quality was assessed using an adapted version of the
Insomnia Severity Index (Morin, 1993). As response options for items 1-5 ranged from 1
to 5 and item 6 response options ranged from 1 to 4, item 6 was recoded to have a range
of 1 to 5 so a composite sleep variable could be created. Cronbach’s alpha for the sleep
items at Times 2, 3, and 4 were .77, .79, and .79, respectively. Higher scores indicated
poorer sleep quality.
Physical activity. Physical activity was assessed using three items. The items
assessed how many times in the last month participants were involved in physical activity
on their own or with a team, that was either 1) high-intensity physical activity, 2)
moderate-intensity physical activity, or 3) low-intensity physical activity. These
categories are consistent with the Borg Rating of Perceived Exertion (CDC, 2015a) and
target heart rate for monitoring physical activity (CDC, 2015b). The responses were
based on a five-point Likert scale ranging from 1 (every day) to 5 (not at all). Higher
scores indicated lower higher-intensity, moderate-intensity, and low-intensity physical
activity, respectively.
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Sport club involvement. Sport club involvement was assessed with one item
examining how often participants participated in sports clubs since the start of the
academic year. The responses were based on a five-point Likert scale ranging from 1
(never) to 6 (several times a week). Higher scores indicate higher involvement in sport
clubs.
Plan of Analysis. An auto-regressive cross-lag analysis examining the
associations among sleep quality, emotion regulation, physical activity (high, moderate,
and low intensity), and sport club involvement across Times 2, 3, and 4 was conducted
using MPlus version 7.4 (Muthén & Muthén, n.d.; see Figure 2-1). Significance level
was set at p = 0.05.
Results
Preliminary Analysis
There were significant differences between males and females on sleep quality
(Time 2 only), emotion regulation (Times 2, 3, and 4), moderate intensity physical
activity (Times 2 and 3), high intensity physical activity (Times 2, 3, and 4), and sports
club engagement (Times 2, 3, and 4), ps < .035, such that females reported lower sleep
quality, emotion regulation, moderate and high intensity physical activity, and sports club
engagement than did males.
Primary Analyses
Overall model fit for the autoregressive cross-lag path analysis was determined
using the comparative fit index (CFI) and the root mean square error of approximation
(RMSEA) indicators.(Hu & Bentler, 1999) The cut-off criteria recommended for a wellspecified model are a CFI > .95 and a RMSEA < .06, simultaneously.(Hu & Bentler,
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Figure 2-1. Significant cross-lag paths between study variables; the blue paths indicate
the significant indirect effect
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Table 2-1.
Descriptive statistics for study variables
Measure
Time 2

Time 3

Time 4

M (SD)

M (SD)

M (SD)

Sleep Quality

2.462 (0.748)

2.377 (0.764)

2.323 (0.763)

Emotion Regulation

2.853 (0.759)

2.850 (0.766)

2.798 (0.773)

High Physical Activity

2.967 (1.229)

3.110 (1.301)

2.963 (1.276)

Moderate Physical Activity 2.789 (1.118)

2.808 (1.188)

2.736 (1.142)

Low Physical Activity

2.138 (1.193)

2.201 (1.182)

2.005 (1.091)

Sports Team Involvement

2.238 (1.790)

2.237 (1.801)

2.297 (1.805)

Covariates
Gender 611 (73.88%) female
Parent Education 3.71 (1.30)
Born in Canada 703 (85.01%)
born in Canada
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1999) across the three time periods, lag-1 cross-lag paths among all 6 variables, lag-1,
and lag-2 autoregressive paths, and concurrent associations among all six variables within
each wave were included. Sex, parental education, and whether or not the participant was
born in Canada were included as covariates, with correlations specified between the
covariates and each variable at Time 2, and paths estimated between the covariates and
each variable at Times 3 and 4. Any statistically significant paths, therefore, would be
accounting for the correlations among the variables within a wave and controlling for
previous scores on the outcome variables, covariates, as well as the other predictors in the
model.
The results of a Chi-Square Difference Test of Relative Fit indicated that the
patterns of association among the variables were invariant across time, c2diff (30) =42.634,
p > .05. Thus, subsequent analyses were based on the model that was constrained over
time. The constrained model fit was well-specified, c2(60) = 120.714, p < .001, CFI =
.990, RMSEA = .035, 90% CI [.026-.044, p = .998. Table 2-2 shows beta weights for all
paths in the model for all six key study variables (model results are displayed in Figure 21; only paths from Times 2 to 3 are shown as the results are invariant across time).
Results revealed statistically significant indirect effects of Time 2 sleep quality on
Time 4 high intensity physical activity, ß = .004 [90% CI = .001 - .007], SE = .002, p =
.036, moderate intensity physical activity, ß = .005 [90% CI = .002 - .008], SE = .002, p =
.017, and low intensity physical activity, ß = .007 [90% CI = .003 - .012], SE = .003, p =
.006, all through Time 3 emotion regulation. These results indicate that better sleep
quality predicted greater emotion regulation over time, and in turn, greater emotion
regulation predicted more frequent engagement in high, moderate, and low physical
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Table 2-2.
Beta weights of study variables from Time 2 to Time 3.
Time 2
EmoReg2
EmoReg2
EmoReg2
EmoReg2
EmoReg2

Time 3
Sleep3
HighPA3
ModPA3
LowPA3
Sports3

b
.095
.086
.098
.136
-.090

ß
.098
.054
.067
.094
-.040

SE
.019
.022
.022
.023
.020

P
< .001
.013
.002
<.001
.048

EmoReg3

.071

.073

.019

<.001

HighPA3
ModPA3
LowPA3
Sports3
Sleep3

.021
.041
.012
-.004
-.018

.012
.027
.008
-.002
-.030

.021
.022
.023
.020
.026

.547
.205
.722
.922
.246

HighPA2

à
à
à
à
à
à

EmoReg3

-.031

-.052

.027

.050

HighPA2
HighPA2
HighPA2
ModPA2
ModPA2
ModPA2
ModPA2
ModPA2
LowPA2
LowPA2
LowPA2
LowPA2
LowPA2
Sports2
Sports2
Sports2
Sports2
Sports2

à
à
à
à
à
à
à
à
à
à
à
à
à
à
à
à
à
à

ModPA3
LowPA3
Sports3
Sleep3
EmoReg3
HighPA3
LowPA3
Sports3
Sleep3
EmoReg3
HighPA3
ModPA3
Sports3
Sleep3
EmoReg3
HighPA3
ModPA3
Low PA3

.107
-.016
-.125
.017
.044
.175
.083
-.111
-.010
.004
.026
.074
.050
<.001
.002
-.072
-.053
-.008

.118
-.018
-.090
.026
.066
.161
.084
-.073
-.016
.006
.026
.079
.035
.000
.004
-.106
-.086
-.013

.030
.031
.028
.026
.027
.030
.032
.028
.020
.021
.023
.023
.021
.020
.021
.023
.023
.024

< .001
.577
.001
.326
.014
< .001
.008
.008
.431
.756
.257
.001
.099
.983
.829
< .001
<.001
.598

Sleep2
Sleep2
Sleep2
Sleep2
Sleep2
HighPA2

à
à
à
à
à
à

Note. b = unstandardized betas, ß = standardized betas, SE = standard error for ß, p =
significance value for ß. EmoReg = emotion regulation, Sleep = sleep quality; HighPA =
high physical activity; ModPA = moderate physical activity; LowPA = low physical
activity; 2 = Time 2; 3 = Time 3. Only the results from Time 2 to Time 3 are shown as
results were constrained across time. Covariate results can be obtained from the author.
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activity over time. Of interest, the effects only were indirect, as there were no direct
effects between sleep and physical activity over time, ps > .200. There also was an
indirect effect from Time 2 moderate physical activity to Time 4 sleep quality via
emotion regulation at Time 3, ß = .006 [90% CI = .002 - .011], SE = .003, p = .026. See
Figure 2-1 and Table 2-2 for other statistically significant results2.

Discussion
The results of the current study indicate that there is support for a relationship
between sleep and physical activity over time but only through emotion regulation. There
was no evidence for direct links between physical activity and sleep over time, which
may speak to the mixed results found previously in the literature. The present study
provides the first longitudinal evidence for a link between sleep and physical activity in a
young adult sample. Of note, only moderate levels of physical activity indirectly
predicted lower sleep problems over time via emotion regulation, and sleep only
indirectly predicted high, moderate, and low levels of physical activity over time via
emotion regulation. Little research has examined how emotion regulation and emotions
impacts on physical activity. However, in a recent review paper, Liao, Shonkoff and
Dunton (2017) found that across a variety of studies, positive affect predicted more
physical activity. Negative affect was found to be less strongly associated with physical
activity (i.e., only one study found that negative affect was associated with lower physical
activity; Liao et al., 2017). Although this is not a direct measure of emotion regulation,

2

Note that although the results indicate that the path from Time 1 high intensity physical
activity to Time 2 emotion regulation was non-significant, the beta is negative, which is
the opposite of their bivariate correlation. This is most likely due to suppression, as the
correlation between the physical activity measures were fairly high.
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perhaps experiencing positive emotions – or regulating emotions to reduce negative affect
– would be associated with physical activity. Future work incorporating both affect and
emotion regulation could address this issue.
In addition, engaging in low and high intensity physical activity did not improve
emotion regulation and subsequently sleep quality over time which has important
implications for health recommendations. These results do, however, fall in line with
recommendations of the Centre for Disease Control that indicate engaging in moderate
and high intensity exercise will provide substantial health benefits (U.S. Department of
Health and Human Services, 2008). It is surprising that the results for high intensity
physical activity were not significant; perhaps, as indicated previously, the moderately
high correlation between high and moderate physical activity suppressed
its effects. At the same time, however, medium intensity physical activity was predicted
by high and low physical activity. Perhaps low intensity physical activity (e.g., going for
walks) is a starting point for the initiation of medium intensity physical activity, at least
for young adults, which would subsequently promote better emotion regulation and sleep
quality over time.
Although these results provide support and add to what was previously assumed
about the relationship between physical activity and sleep, limitations of the current study
must be addressed. The first limitation is that these data are based on self-report
information. It would be beneficial to examine more objective measures of individuals’
sleep quality (e.g., through actigraphy or EEG). However, self-report allows us to
examine participants’ perception about their sleep, which provides important information.
A second limitation is that our sample was comprised only of undergraduate students. It

34
would be worthwhile to examine these questions with young adults who are not attending
university as well as adolescents. Given that past longitudinal work has largely been
conducted with older adults, it is important to examine this research questions in these
other age groups. For example, adolescents (e.g., age 12-19) tend to have the highest
proportion of individuals engaging in physical activity compared to other age groups
(Statistics Canada, 2016) and thus, is important to examine how these associations may
differ. It could be that similar patterns of results would be found as the findings of the
current study parallel Holfeld and Ruthig’s study(2014) conducted with older adults
(although note that our results found an association from sleep to physical activity only
through emotion regulation).
Overall, the results of the current study add support to previous research that has
suggested a unidirectional relationship from sleep to physical activity, and sheds some
light on research that has failed to find significant associations between these two
factors.(Mitchell et al., 2016; Youngstedt, 2005) Although there were no significant
direct effects between sleep and physical activity over time, these two factors were
associated longitudinally via emotion regulation – that is, better sleep predicted better
emotion regulation over time, which in turn predicted more frequent high, moderate, and
low intensity physical activity over time. Further, moderate physical activity predicted
fewer sleep problems over time via emotion regulation. Clearly, sleep and moderate
physical activity play important roles in improving emotion regulation over time.
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Chapter 3 – Psychosocial Adjustment Throughout University: A Longitudinal
Investigation of the Roles of Sleep Quality and Emotion Dysregulation3
Emerging adulthood (i.e., late teens to the late 20s; Arnett & Fishel, 2013) is a
time during which many changes occur (Arnett, 2000). One significant change that many
emerging adults experience is the transition to university. Although many students do
well in university, others experience difficulties such as sleep problems (Buboltz, Brown,
& Soper, 2001) and emotion dysregulation (Srivastava, Tamir, McGonigal, John, &
Gross, 2009). Both sleep problems and emotion dysregulation are thought to be
transdiagnostic, in that they are hypothesized to underlie many adjustment difficulties
(e.g., Markarian, Pickett, Deveson, & Kanona, 2013; Zawadzki, 2015). Of concern,
difficulties in adjustment during emerging adulthood can persist and extend to adulthood
(e.g., Arnett, 2000; Erikson, 1968), making sleep problems and emotion dysregulation
important issues to study among this population. Little work, however, has examined
long-lasting associations among sleep problems, emotion dysregulation, and adjustment.
Two main goals of the current study, therefore, were to examine: 1) the association
between sleep problems and emotion dysregulation over time, and 2) whether sleep
problems and emotion dysregulation are associated with adjustment difficulties in the
long-term (i.e., over a period of 5 years).

3

The content of this chapter is based on the following published work: Semplonius, T., &
Willoughby, T. (2018). Psychosocial adjustment throughout university: A longitudinal
investigation of the roles of sleep quality and emotion dysregulation. Journal of Youth
and Adolescence, doi: 10.1007/s10964-018-0826-5.
This is a post-peer-review, pre-copyedit version of an article published in Journal of
Youth and Adolescence. The final authenticated version is available online at:
https://doi.org/10.1007/s10964-018-0826-5
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Associations Between Sleep Problems and Emotion Dysregulation
Sleep problems are defined in our study as experiencing difficulty with various
areas of sleep (e.g., problems falling asleep), as well as sleep dissatisfaction. With regard
to emotion dysregulation, Thompson (1994) defined emotion regulation as, “the extrinsic
and intrinsic processes responsible for monitoring, evaluating, and modifying emotion
reactions, especially their intensive and temporal features, to accomplish one’s goals” (p.
28). Berking and Whitley (2014) indicate that emotion regulation encompasses a variety
of ways by which individuals manage their emotional responses to various events or
stimuli. Thus, emotion dysregulation in our study is defined as difficulty with regulating
emotions in stressful situations.
Although a large volume of research has indicated that sleep problems and
emotion dysregulation are associated (Cerolini, Ballesio, & Lombardo, 2015), researchers
have tended to interpret these concurrent associations in only one of two ways. The first
way is that sleep problems predict emotion dysregulation (Mauss, Troy, & LeBourgeois,
2013; Pickett, Barbaro, & Mello, 2015). The rationale for this explanation of the
association is that sleep deprivation (or relatedly, sleep problems) may alter the manner in
which emotions are processed (e.g., Yoo, Gujar, Hu, Jolesz, & Walker, 2007). The
second way is the opposite direction of effects; that is, that emotion dysregulation
predicts sleep problems (Hoag, Tennen, Stevens, Coman, & Wu, 2016). One rationale for
this association is that emotion dysregulation is thought to increase cognitive arousal, and
cognitive arousal hinders sleep (Espie, Broomfield, Macmahon, Macphee, & Taylor,
2006). Inferences about the direction of effects between sleep problems and emotion
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dysregulation, however, cannot be assumed by cross-sectional research. Longitudinal
research is needed to address this question.
There is limited longitudinal work in this area. One recent study with a sample of
community adults found that over six months, sleep predicted greater emotion
dysregulation over time (O’Leary, Bylsma, & Rottenberg, 2016). However, O’Leary et
al. (2016) examined this question at only two time points, 6 months apart, and did not test
for the opposite direction of effects (i.e., does emotion dysregulation predict sleep?). Of
interest, a longitudinal study by Tavernier and Willoughby (2014) found support for a
bidirectional relationship between emotion dysregulation and sleep problems (i.e., sleep
problems predicted greater emotion dysregulation one year later, and emotion
dysregulation predicted more sleep problems one year later); however, although emotion
dysregulation was used as a moderator between sleep problems and social ties, the
specific bidirectional relationship between sleep problems and emotion dysregulation was
not tested. These results are consistent with both explanations for interpreting the
association between the two factors (Gruber & Cassoff, 2014). Long-term associations
between sleep problems and emotion dysregulation, as well as how they are related to
indicators of adjustment, however, need to be examined.
Two adjustment indicators that are particularly important throughout university
are alcohol use and depressive symptoms. Binge drinking occurs at the highest levels
among university students (Johnston, O´Malley, Bachman, & Schulenberg, 2006;
Willoughby, Good, Adachi, Hamza, & Tavernier, 2013), and mental health problems,
such as depression, are prevalent among university students (Center for Behavioral
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Health Statistics and Quality, 2015; Pearson, Janz, & Ali, 2013). Thus, the present study
examined these two adjustment indicators.
These four constructs are of particular importance for students because all of these
factors are associated with success in school. For example, sleep quality is bidirectionally
associated with social ties in university over time (Tavernier & Willoughby, 2014a) and it
can promote intrapersonal adjustment throughout the university years (Tavernier &
Willoughby, 2014b). Further, Singleton and Wolfson (2009) found that both alcohol use
and feeling tired throughout the day (specifically, tiredness as a result of poor sleep
patterns stemming from alcohol use) were associated with a lower grade point average
(GPA) in university. Finally, emotion dysregulation is associated with lower levels of
satisfaction in both social and academic domains for university students (Srivastava et al.,
2009) and depression is associated with lowered academic performance (Hysenbegasi,
Hass, & Rowland, 2005).
Sleep, Emotion Dysregulation and Psychosocial Adjustment: Direct Effects
A substantial amount of concurrent research has indicated that sleep problems are
associated with both depressive symptoms (Armstrong & Oomen-Early, 2009; Conti,
Adams, & Kisler, 2014; Lund, Reider, Whiting, & Prichard, 2010; Orzech, Salafsky, &
Hamilton, 2011; Tempesta et al., 2010) and alcohol use (DeMartini & Fucito, 2014;
Digdon & Landry, 2013; Kenney, Paves, Grimaldi, & Labrie, 2014; Singleton &
Wolfson, 2009; Valerio, Kim, & Sexton-Radek, 2016). With regard to the relationship
between sleep problems and alcohol use, the relationship is less than straightforward.
Ebrahim, Shapiro, Williams, and Fenwick (2013) conducted a literature review and found
that, for healthy individuals, consuming alcohol before sleeping is associated with
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reduced time to fall asleep, increased numbers of awakenings throughout the night, and
less overall REM sleep at moderate and high levels of alcohol consumption (for a similar
discussion, see the review by Roehrs and Roth (2001)). However, Roehrs, Papineau,
Rosenthal, and Roth (1999) found that, for those diagnosed with insomnia, some alcohol
use before sleeping may provide some benefits in sleep quality. Finally, individuals with
alcohol dependence are more likely to report having insomnia or symptoms of insomnia
than those without alcohol dependence (Crum, Ford, Storr, & Chan, 2004).
Emotion dysregulation also is associated with depressive symptoms (NolenHoeksema & Aldao, 2011; Zawadzki, 2015) and alcohol use (Dragan, 2015; Dvorak et
al., 2014; Fischer, Forthun, Pidcock, & Dowd, 2007; Kuvaas, Dvorak, Pearson, Lamis, &
Sargent, 2014). Similar to the research on sleep problems and emotion dysregulation,
however, much of this work has been cross-sectional and has assumed the direction of
effects, or in the case of experimental research has only examined one direction of the
effects (e.g., emotion dysregulation to mood; Ehring, Tuschen-Caffier, Schnülle, Fischer,
& Gross, 2010; Hopp, Troy, & Mauss, 2011). Some past research has examined
longitudinal links between these factors, but the results tend to be inconsistent.
Sleep problems and depressive symptoms. Longitudinal work has indicated that
adults (Mage = 41.3 years) with low levels of depression and insomnia tended to display
higher levels of depressive symptoms the next year (Jansson-Fröjmark & Lindblom,
2008). Furthermore, individuals without insomnia but with high levels of depression were
more likely to develop insomnia the following year (Goldman-Mellor et al., 2014). These
studies, however, focused on adults in general and not university students, and did not
test both directions of effects simultaneously. Goldman-Mellor et al. (2014) also did not
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test the alternate direction of effects (i.e., whether insomnia predicts the onset of
depression). These limitations are addressed in the current study.
Sleep problems and alcohol use. Longitudinal work has found that children who
were overtired (maternal ratings) were more likely to engage in problematic drinking
behaviours in young adulthood than those who did not experience overtiredness in
childhood, suggesting that there may be a long-lasting relationship between these two
factors (Wong, Brower, Nigg, & Zucker, 2010). Other research has indicated that sleep
quality and quantity did not predict alcohol use over time (Galambos, Vargas Lascano,
Howard, & Maggs, 2013), but individuals who drank frequently during the week tended
to go to bed later (Galambos, Dalton, & Maggs, 2009; Galambos et al., 2013) and sleep
for less time that night than those who did not drink during the day (Galambos et al.,
2009). Finally, Haario, Rahkonen, Laaksonen, Lahelma, and Lallukka (2013) found that
individuals with insomnia at Time 1 tended to have higher alcohol use at Time 2, and that
high levels of alcohol use at Time 1 were associated with insomnia at Time 2 (note that
these analyses were not tested simultaneously). Overall, these results suggest that there
may be long-lasting effects between sleep problems and adjustment (for a review see
Alvaro, Roberts, & Harris, 2013).
Emotion dysregulation and depressive symptoms. Longitudinal work in this
area suggests that the relationship between emotion dysregulation and depression is
complex and results tend to be mixed. Nezlek and Kuppens (2008) found that effective
emotion regulation is associated with positive mood, compared to ineffective emotion
regulation. Work by Berking, Wirtz, Svaldi, and Hofmann (2014) indicated that emotion
dysregulation predicted more depressive symptoms five years later (although the
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alternative direction of effects was not significant). In contrast, Berking, Orth,
Wupperman, Meier, and Caspar (2008) found that emotion regulation only predicted
lower negative affect and anxiety, and higher positive affect, but it was not associated
with depressive symptoms over time (again, the alternative direction of effects also was
not significant). Although these results suggest there may be stronger evidence for a
unidirectional relationship between these two factors, the study by Nezlek and Kuppens
(2008) did not use a direct measure of depression, had a small sample size, and did not
test the alternative direction of effects, and the studies by Berking et al. (2008, 2014)
utilized samples that were not university students (mean ages were ~35 years old).
Examining these issues in a large sample of young adults in university is important.
Emotion dysregulation and alcohol use. With regard to longitudinal work, one
short-term study (i.e., a 30-day daily diary study) examining relationships between
emotion dysregulation and alcohol use found that participants who engaged in the co-use
of drugs (i.e., alcohol and marijuana) at night were less likely to use effective regulation
strategies and more likely to use poor emotion regulation strategies the following day
(Weiss, Bold, Sullivan, Armeli, & Tennen, 2016); note that these results were not found
when only alcohol use was included in the analysis, but the measure of alcohol was
dichotomized into either any alcohol use or binge drinking). Given the above literature, a
goal of the present longitudinal study was to directly assess bidirectionality and long-term
effects among sleep problems, emotion dysregulation, alcohol use and depressive
symptoms over time.
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Sleep, Emotion Dysregulation and Psychosocial Adjustment: Indirect Effects
Given the mixed findings and inconsistent results in the literature reviewed above,
it may be that there is a mechanism by which these factors are associated and past
research has been unable to find consistent associations because a piece of the puzzle was
missing. As there likely is a bidirectional relationship between sleep problems and
emotion dysregulation and both of these factors are hypothesized to co-occur (Fairholme
et al., 2013), it may be that each factor could be a mechanism through with the other
predicts adjustment. That is, it may be that sleep problems predict difficulties in
adjustment (i.e., depressive symptoms and alcohol use) over time through emotion
dysregulation. Alternatively, it may be that emotion dysregulation predicts difficulties in
adjustment over time via sleep problems.
Emotion dysregulation as a mechanism. One potential explanation for emotion
dysregulation as a mechanism is that sleep deprivation (or relatedly, sleep problems) may
alter the manner in which emotions are processed (e.g., Yoo et al., 2007). Yoo et al.
(2007) found that individuals who were sleep deprived displayed more reactivity in their
amygdala when viewing negative stimuli than did a control group. Furthermore,
compared to the control group, the sleep-deprived individuals displayed reduced prefrontal cortex activity. Yoo et al. (2007) suggested that sleep-deprived individuals’
regulatory abilities were unable to dampen these neural responses to emotional stimuli.
Given this, it may be that sleep problems promote increased emotion dysregulation,
which then is associated with more depressive symptoms and alcohol use over time.
Indeed, one previous study by O’Leary et al. (2016) found that sleep problems
predicted depressive symptoms over time via emotion dysregulation. The indirect path
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from emotion dysregulation to depressive symptoms, however, was measured
concurrently, and the overall model was only over two time periods spanning six months.
We extended this work in the present study by examining whether sleep problems
indirectly predict depressive symptoms via emotion dysregulation over a period of five
years. Furthermore, given that emotion dysregulation also predicts alcohol use (Weiss et
al., 2016), we tested the indirect relationship from sleep problems to alcohol use over
time via emotion dysregulation. Finally, as both adjustment indicators (i.e., depressive
symptoms and alcohol use) also predict sleep, the alternative direction for indirect effects
also were tested (e.g., alcohol use/depressive symptoms predicting sleep problems over
time via emotion dysregulation).
Sleep problems as a mechanism. A second potential mechanism is that increased
cognitive arousal may alter sleep (for a discussion of this, see Espie et al., 2006). In an
experiment by Gross and Borkovec (1982), participants – all of whom had good sleep –
were divided into three groups: The first group had the highest cognitive load (i.e., they
were asked to give a speech on a specific topic after their nap), the second group was a
control group (i.e., they were asked to give a speech after their nap), and the third group
was a control group (i.e., they were told to nap). The results indicated that the first group
had more problems sleeping than the second and third groups, suggesting that increased
stress and cognitive arousal may impede sleep (Gross & Borkovec, 1982). One could
expect then, that emotion dysregulation – or the inability to effectively regulate one’s
emotions – may be a factor that would impede sleep, given the inability to regulate
arousal. Thus, we examined whether this is the case by testing whether emotion
dysregulation indirectly predicts depressive symptoms and alcohol use via sleep problems
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over a period of five years. Finally, as both adjustment indicators (i.e., depressive
symptoms and alcohol use) also predict emotion dysregulation, the alternative direction
for indirect effects also was tested (e.g., alcohol use/depressive symptoms predicting
emotion dysregulation over time via sleep problems).
The Current Study
The current study had three goals. The first goal was to examine whether sleep
problems and emotion dysregulation are bidirectionally associated. The second goal was
to examine whether sleep problems and emotion dysregulation are directly associated
with depressive symptoms and alcohol use in the long-term (i.e., over a period of five
years). The third goal was to examine whether a) emotion dysregulation is a mechanism
by which sleep predicts depressive symptoms and alcohol use over time (and vice versa),
and b) sleep problems are a mechanism by which emotion dysregulation predicts
depressive symptoms and alcohol use over time (and vice versa). To address these goals,
we conducted an autoregressive cross-lag path analysis which allowed us to examine
bidirectional associations and indirect effects between each of these factors.
Method
Participants
Participants in the current study were 1,132 undergraduate students (70.5%
female) enrolled at a mid-sized university in southwestern Ontario, Canada, who were
part of a larger longitudinal study. At the first assessment, all participants were in their
first year of university, Mage = 19.06 years, SD = 11.17 months, range 17.75–25.51 years.
SES data indicated that mean levels of education for mothers and fathers fell between
“some college, university, or apprenticeship program” and “completed a
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college/apprenticeship and/or technical diploma”, M = 3.71. The sample was composed
predominantly of students who were born in Canada (84.9%).
Procedure
First-year university students from various academic disciplines were invited to
complete a survey examining factors related to stress, coping, and adjustment to
university by way of posters, classroom announcements, website posting, and visits to
on-campus student residences. The participants were given course credit or monetary
compensation for their participation at Time 1 and monetary compensation only at Times
2 to 5. At Times 2, 3, 4, and 5, all students who participated in the first assessment were
invited to participate again by way of e-mails. The study was approved by the University
Ethics Board prior to survey administration at all five assessments, and all participants
provided informed consent prior to participation. The survey was administered by trained
research assistants.
Missing Data Analysis
Missing data occurred within each assessment time point because some students
did not answer every question (average missing data at Times 1, 2, 3, 4, and 5 were
4.69%, 1.62%, 0.98%, 1.59% and 3.99% respectively) and because some students did not
complete all waves of the survey. The participant retention rate was 65.9%. Out of all the
participants, 50.4% completed all 5 waves, 18.5% completed 4 waves, 8.0% completed 3
waves, 7.7% completed 2 waves, and 15.4% completed only 1 wave. Missingness across
waves (e.g., completing 1, 2, 3, 4, or 5 waves) was associated with some study variables.
Specifically, participants who completed all 5 time periods were more likely to be female
than those who completed only 1 wave, p = .004, or 2 waves, p < .001. Participants who
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completed all 5 waves drank less alcohol at Time 1, M = 3.65, than participants who
completed 1 wave, M = 4.09, p = .002, 3 waves, M = 4.13, p = .014, or 4 waves, M =
4.01, p = .015. Participants who completed all 5 waves also drank less alcohol at Time 2,
M = 3.84, than participants who completed 3 waves, M = 4.43, p = .002, or 4 waves, M =
4.21, p = .008.
Missing data were estimated using the full information maximum likelihood
(FIML) estimation method. As all the study measures were included in the primary
analyses, the variables associated with missingness (i.e., sex and alcohol use) were used
in the FIML estimation process (Little, 2013). FIML retains cases that are missing survey
waves, thus avoiding the biased parameter estimates that can occur with pairwise or
listwise deletion (Schafer & Graham, 2002).
Measures
Measures included demographic variables (sex, parent education and whether
participants were born in Canada), emotion dysregulation, sleep problems, depressive
symptoms, and alcohol use. Demographic variables were assessed only at Time 1
whereas all other study variables were assessed at Time 1, 2, 3, 4, and 5.
Demographics. Sex (1 = male or 2 = female), parental education (one item per
parent, averaged for participants reporting on both parents, with a scale from 1 = did not
finish high school to 6 = professional degree) and whether participants were born in
Canada (‘‘Were you born in Canada?’’ 1 = yes or 2 = no) were assessed at Time 1 and
were used as covariates in all analyses.
Emotion dysregulation. Emotion dysregulation was assessed at each time point
with six items from the Difficulties in Emotion Regulation Scale (e.g., “When I’m upset
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or stressed, I have difficulty concentrating”; Gratz & Roemer, 2004). The responses were
based on a five-point Likert scale ranging from 1 (almost never) to 5 (almost always).
Cronbach’s alphas at Time 1, 2, 3, 4, and 5 were .725, .742, .762, .780, and .781,
respectively. Higher scores indicated more emotion dysregulation.
Sleep problems. Sleep problems were assessed at each time point using an
adapted version of the Insomnia Severity Index (ISI; Morin, 1993). Participants indicated
the extent to which they experienced difficulty 1) falling asleep, 2) staying asleep, 3)
waking up too early, 4) staying awake, 5) satisfaction with their sleep patterns, and 6)
whether their sleep patterns interfere with daily functioning. Response options for items
1-4 ranged from 1 (no problem) to 5 (very severe problems), item 5 response options
ranged from 1 (very satisfied) to 5 (very dissatisfied), and item 6 response options ranged
from 1 (rarely interferes) to 4 (very often interferes). Item 6 was recoded to have a range
of 1 to 5 so that all variables were on the same scale. These six items were averaged to
create a composite variable. Cronbach’s alphas at Time 1, 2, 3, 4, and 5 were .768, .766,
.794, .787, and .804, respectively. Higher scores indicated more sleep problems.
Alcohol use. Alcohol use was assessed by asking participants how many drinks
they have, on average, when they are drinking alcohol. Responses options ranged from 1
(less than 1 drink) to 6 (over 10 drinks). Higher scores indicate more alcohol use.
Depressive symptoms. Depressive symptoms were measured using The Center
for Epidemiologic Studies Depression – Revised Scale (Eaton, Smith, Ybarra, Muntaner,
& Tien, 2004; Radloff, 1977; Van Dam & Earleywine, 2011) (e.g., “I thought my life had
been a failure”). Response options for these items ranged from 1 (none of the time) to 5
(most of the time). One item (“My sleep was restless”) was excluded so that the
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association between depressive symptoms and sleep problems was not inflated. Ratings
were rescored so that the CESD-R had the same range (0–60) as the original CESD
(Radloff, 1977) and summed such that higher scores indicated greater depressive
symptoms. Cronbach’s alphas at Times 1, 2, 3, 4, and 5 were .910, .924, .926, .931, and
.934 respectively.
Results
Statistical analyses were carried out using SPSS version 23 and R in RStudio
version 1.1.383.
Preliminary Analyses
Descriptive statistics for all study variables are listed in Table 3-1. There were
significant differences between males and females on sleep problems (Times 1 and 2),
emotion dysregulation (Times 1, 2, 3, and 4), alcohol use (Times 1, 2, 3, 4, and 5), and
depressive symptoms (Times 1 and 2), ps < .025, such that females reported more sleep
problems, more emotion dysregulation, less alcohol use, and more depressive symptoms
than did males. At all five time periods, students born in Canada engaged in more alcohol
use than did students who were not born in Canada, ps < .001, and reported fewer
depressive symptoms at Time 4 than did students who were not born in Canada, p < .040.
Primary Analyses
An auto-regressive cross-lag path analysis examining the associations among
sleep problems, emotion dysregulation, depressive symptoms, and alcohol use across
Times 1, 2, 3, 4, and 5 was conducted using R– see Figure 3-1. Overall model fit was
determined using the comparative fit index (CFI) and the root mean square error of
approximation (RMSEA) indicators (Hu & Bentler, 1999). The cut-off criteria
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Table 3-1
Descriptive statistics for study variables.
Measures
Time 1
Time 2
M (SD)
M (SD)
Sleep problems
2.401
2.462
(.753)
(.748)
Emotion
dysregulation

2.784
(.752)

2.853
(.759)

Time 3
M (SD)
2.384
(.770)

Time 4
M (SD)
2.327
(.753)

Time 5
M (SD)
2.227
(.753)

2.850
(.760)

2.800
(.773)

2.687
(.787)

Depressive symptoms

19.844
(10.899)

19.576
19.457
18.495
(11.424) (11.791) (11.499)

17.605
(11.702)

Binge drinking

3.844
(1.376)

3.952
(1.246)

3.426
(1.154)

Covariates
Sex

70.5%
female

Parent education

3.709
(1.298)

Born in Canada

84.9%

3.807
(1.243)

3.669
(1.228)
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recommended for a well-specified model are a CFI > .95 and a RMSEA < .06,
simultaneously (Hu & Bentler, 1999). Across the three time periods, lag-1 cross-lag paths
among all 4 variables, lag-1 autoregressive paths, and concurrent associations among all
4 variables within each wave were included. Sex, parental education, and whether or not
the participant was born in Canada were included as covariates, with correlations
specified between the covariates and each variable at Time 1, and paths estimated
between the covariates and each variable at Times 2, 3, 4, and 5. Any statistically
significant, paths, therefore, would be accounting for the correlations among the variables
within a wave, and controlling for previous scores on the outcome variables, covariates,
as well as the other predictors in the model.
The results of a Chi-Square Difference Test of Relative Fit indicated that the
patterns of association among the variables were invariant across time, c2diff (36) =38.08,
p = .375. Thus, subsequent analyses were based on the model that was constrained over
time, as this was the more parsimonious model. The constrained model fit was adequate,

c2(132) = 875.247, p < .001, CFI = .924, RMSEA = .071, 90% CI [.066-.075], p < .001.
Table 3-2 shows beta weights for all paths in the model for all four key study variables
(model results are displayed in Figure 3-1; only paths from Times 1 to 2 are shown as the
results are invariant across time).
With regard to the first goal of the study (whether sleep problems and emotion
dysregulation are associated bidirectionally), results revealed a statistically significant
bidirectional association between sleep problems and emotion dysregulation such that
sleep problems predicted more emotion dysregulation over time, controlling for previous
emotion dysregulation, ß = .067, SE = .016, p < .001, and emotion dysregulation
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Table 3-2
Beta weights of study variables from Time 1 to Time 2.
b
ß
EmoDysreg1 à Sleep2
.042
.042

SE
.016

p
.010

EmoDysreg1 à

Depression2

1.330

.087

.018

<.001

EmoDysreg1 à

Alcohol2

-.023

-.013

.014

.326

Sleep1

à

EmoDysreg2

.068

.067

.016

<.001

Sleep1

à

Depression2

1.490

.098

.017

<.001

Sleep1

à

Alcohol2

.044

.026

.013

.045

Depression1

à

Sleep2

.006

.081

.017

.001

Depression1

à

EmoDysreg2

.006

.088

.018

< .001

Depression1

à

Alcohol2

-.002

-.016

.014

.266

Alcohol1

à

Sleep2

.007

.012

.015

.410

Alcohol1

à

EmoDysreg2

-.010

-.019

.015

.215

Alcohol1

à

Depression2

-.274

-.033

.016

.040

EmoDysreg2

.527

.517

.025

<.001

EmoDysreg1 à
Sleep1

à

Sleep2

.541

.535

.024

<.001

Depression1

à

Depression2

.453

.431

.028

<.001

Alcohol1

à

Alcohol2

.660

.715

.017

<.001

Note: b = unstandardized betas, ß = standardized betas, SE = standard error for ß, p =
significance value for ß. EmoDysreg = emotion dysregulation, Sleep = sleep problems;
Depression = depressive symptoms; Alcohol = drinking amount; 1 = Time 1; 2 = Time 2.
Only the results from Time 1 to Time 2 are shown as results were constrained across
time. Covariate results can be obtained from the author.
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Figure 3-1. Significant cross-lag paths between study variables. Emo Dysreg = emotion
dysregulation, Sleep Probs = sleep problems; Depress Sympts = depressive symptoms;
Alc Use = drinking amount; 1 = Time 1; 2 = Time 2; 3 = Time 3; 4 = Time 4; 5 = Time 5.
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predicted more sleep problems over time, controlling for previous sleep problems, ß =
.042, SE = .016, p = .010.
With regard to the second goal of the study (i.e., whether sleep problems and
emotion dysregulation are associated with depressive symptoms and alcohol use in the
long-term), there was a significant bidirectional association between sleep problems and
depressive symptoms such that sleep problems predicted more depressive symptoms over
time, controlling for previous depressive symptoms, ß = .098, SE = .017, p < .001, and
depressive symptoms predicted more sleep problems over time, controlling for previous
sleep problems, ß = .081, SE = .017, p < .001. There also was a significant bidirectional
association between emotion dysregulation and depressive symptoms such that emotion
dysregulation predicted more depressive symptoms over time, controlling for previous
depressive symptoms, ß = .087, SE = .018, p < .001, and depressive symptoms predicted
more emotion dysregulation over time, controlling for previous emotion dysregulation, ß
= .088, SE = .018, p < .001.
The results indicated two unidirectional associations as well. First, sleep problems
predicted more alcohol use over time, controlling for previous alcohol use, ß = .026, SE =
.013, p = .045, and alcohol use predicted less depressive symptoms over time, controlling
for previous depressive symptoms, ß = -.033, SE = .016, p = .040. Of note, alcohol use
did not predict sleep problems over time, p = .410, or emotion dysregulation over time, p
= .215 (emotion dysregulation also did not predict alcohol use over time, p = .326);
finally, depressive symptoms did not predict alcohol use over time, p = .266.
With regard to the third goal of the study (i.e., whether sleep problems and
emotion dysregulation may be mechanisms by which the other predicts adjustment over
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time), we conducted tests of indirect effects using the lavaan package (Rosseel, 2012) in
R with bootstrapping (1000 runs). These results indicated that sleep problems at Time 1
predicted depressive symptoms at Time 3 through emotion dysregulation at Time 2 ß =
.006 [95% CI = .003 - .009], p = .001. Sleep problems at Time 1 also predicted
depressive symptoms at Time 4 through emotion dysregulation at Times 2 and 3, ß = .003
[95% CI = .001 - .005], p = .001, and sleep problems at Time 1 predicted depressive
symptoms at Time 5 through emotion dysregulation at Times 2, 3, and 4, ß = .002 [95%
CI = .001 - .003], p = .002. The indirect effect of sleep problems on alcohol use via
emotion dysregulation was not tested as emotion dysregulation did not predict alcohol
use over time.
A test of indirect effects also indicated that depressive symptoms at Time 1
predicted sleep problems at Time 3 through emotion dysregulation at Time 2, ß = .004
[95% CI = .001 - .007], p = .017. Depressive symptoms at Time 1 predicted sleep
problems at Time 4 through emotion dysregulation at Times 2 and 3, ß = .002 [95% CI =
.0004 - .004], p = .017, and depressive symptoms at Time 1 predicted sleep problems at
Time 5 through emotion dysregulation at Times 2, 3, and 4, ß = .001 [95% CI = .0002 .002], p = .018.The indirect effect of alcohol use on sleep problems via emotion
dysregulation was not tested as alcohol use did not predict emotion dysregulation over
time.
With regard to sleep problems as a potential mechanism, tests of indirect effects
indicated that emotion dysregulation at Time 1 predicted depressive symptoms at Time 3
via sleep problems at Time 2, ß = .004 [95% CI = .001 - .008], p = .017. Emotion
dysregulation at Time 1 predicted depressive symptoms at Time 4 via sleep problems at
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Times 2 and 3, ß = .002 [95% CI = .0005 - .005], p = .018, and emotion dysregulation at
Time 1 predicted depressive symptoms at Time 5 via sleep problems at Times 2, 3, and 4,
ß = .001 [95% CI = .0003 - .003], p = .019.
Depressive symptoms at Time 1 predicted emotion dysregulation at Time 3 via
sleep problems at Time 2, ß = .005 [95% CI = .003 - .010], p = .001. Depressive
symptoms at Time 1 predicted emotion dysregulation at Time 4 via sleep problems at
Times 2 and 3, ß = .003 [95% CI = .002 - .005], p = .001, and depressive symptoms at
Time 1 predicted emotion dysregulation at Time 5 via sleep problems at Times 2, 3, and
4, ß = .002 [95% CI = .001 - .003], p = .001. Emotion dysregulation at Time 1 did not
predict alcohol use at Times 3, 4, or 5 via sleep problems at any time point, ps > .112, and
the effect of alcohol use predicting emotion dysregulation over time via sleep problems
was not tested as alcohol use did not predict sleep problems over time.
Discussion
Past literature has indicated that both sleep problems and emotion dysregulation
are associated with depressive symptoms and alcohol use – two important indicators of
adjustment for university students (Center for Behavioral Health Statistics and Quality,
2015). Of importance, little research has examined mechanisms by which these factors
may be associated over time. Given that both sleep problems and emotion dysregulation
are hypothesized to be transdiagnostic in nature (Fairholme et al., 2013), we examined
whether they both act as mechanisms by which the other predicts depressive symptoms
and/or alcohol use. To address these issues, we examined associations among sleep
problems, emotion dysregulation and adjustment difficulties over time.
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Overall, we found multiple bidirectional associations among sleep problems,
emotion dysregulation and depressive symptoms. We also found support for both sleep
problems and emotion dysregulation operating as mechanisms in the link between
different adjustment difficulties. For example, we found that sleep problems predicted
depressive symptoms over time via emotion dysregulation, and that emotion
dysregulation predicted depressive symptoms over time via sleep problems. We also
found the alternative direction of effects (i.e., depressive symptoms predicted sleep
problems over time via emotion dysregulation, and depressive symptoms predicted
emotion dysregulation over time via sleep problems).
These results have important implications. First, our results support the hypothesis
that sleep problems and emotion dysregulation are related (Markarian et al., 2013;
Zawadzki, 2015). Specifically, both sleep and emotion dysregulation were mutually
reinforcing as was shown by their bidirectional relationship over time. Further, both of
these factors were associated with depressive symptoms over time, and sleep problems
were associated with alcohol use. Thus, they highlight crucial areas that universities can
target when supporting students, particularly given the long-term nature of the effects
(i.e., 5 years). Second, research questions often are framed by hypotheses set up with
distinct measures of independent variables (or predictors) and dependent variables (or
outcomes). Indeed, in the present study, the research questions were framed as an
examination of how challenges experienced by many university students (i.e., sleep
problems and emotion dysregulation) may impact on adjustment (i.e., depressive
symptoms and alcohol use). However, given the nature of the results of this study and the
fact that the majority of the associations were bidirectional (namely the associations
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among sleep problems, emotion dysregulation and depressive symptoms), it may be more
appropriate for future research to not frame these factors only as predictors or outcomes.
In fact, noting that many factors that are associated with mental health are both predictors
and outcomes provides individuals hoping to reduce mental health problems among
university students more areas to address– in other words, there may be more areas in
which individuals can be aided.
The results of the current study highlight other notable findings. First, alcohol use
did not predict sleep problems or emotion dysregulation over time. For this sample, then,
alcohol use appears not to be associated with these common adjustment difficulties.
However, given the complexities in the relationship between sleep problems and alcohol
use (as noted in the introduction), this may not be surprising. Second, one unexpected
result was that alcohol use predicted fewer depressive symptoms over time. Although this
is surprising, the measure of alcohol use that was used in the current study was not
frequency of drinking alcohol, but rather the amount of alcohol consumed when drinking.
Perhaps individuals’ alcohol use – which peaks in emerging adulthood, especially for
those in university (Johnston et al., 2006; O’Malley & Johnston, 2002) – was recreational
and social (Roehling & Goldman, 1987). In this case, alcohol use would not be expected
to predict increases in depressive symptoms over time.
It is important to note that the results of the current study are based on a sample of
emerging adults. Although these results speak to how sleep problems, emotion
dysregulation, depressive symptoms and alcohol use are related for emerging adults, the
manner in which these factors are related may differ for other age groups. Thus, this work
should be followed up in samples of young children, adolescents and older adults to
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examine whether there are differences in temporal precedence and evidence for
unidirectional relationships between these factors. Furthermore, both sleep and the ability
to regulate emotions are important at all age groups. For example, sleep problems are
related to a variety of mental health problems in samples of both children and adolescents
(for a review see Dueck et al., 2017), and the ability to regulate emotions continues to
develop throughout life (e.g., McRae et al., 2012). Although some previous research has
examined how sleep in childhood may impact on later mental health and behavior
problems (e.g., Wong et al., 2010), these studies were unable to assess bidirectionality
given that the variables were not measured at each time point. Thus, future work should
measure all variables at each time point to examine mechanisms of change.
Finally, although these results highlight important findings, they also must be
interpreted in light of some limitations. First, these data are based on self-report
responses. Although it may have been beneficial to use more objective measures of sleep
quality, individuals’ perception of their sleep quality also is an important factor to
measure. For example, Bei, Milgrom, Ericksen, and Trinder (2010) examined both
objective and subjective sleep quality in women both in their third trimester and after
giving birth. They found that subjective sleep quality measures were associated with
depression/anxiety before and after giving birth, whereas objective measures were much
more weakly associated with these mood indicators only before giving birth (Bei et al.,
2010). When directly examining relationships between objective and subjective sleep
measures in individuals with either depression or no depression, Armitage, Trivedi,
Hoffmann, and Rush (1997) found that, in general, most sleep measures correlated well
for both participants groups (e.g., time to fall asleep, amount of time in bed, and sleep
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duration); inconsistent estimates tended to be seen in the group with depression (for
similar findings see Rotenberg, Indursky, Kayumov, Sirota, & Melamed, 2000). Thus,
both factors are important to take into account.
Second, this sample is comprised only of university students. It would be
important to extend these research questions to a sample of emerging adults that is not
attending university, given potential differences in their behaviours. For example,
individuals that do not attend university generally have lower rates of alcohol use
compared to those who do attend university across a variety of drinking indicators
(except in measures of daily use; O’Malley & Johnston, 2002). In addition, although
clinical levels of mental health issues may not differ between these groups (Blanco &
Okuda, 2008), a recent review paper indicated that depression was higher in college
students than the general American population (Ibrahim, Kelly, Adams, & Glazebrook,
2013). This extension would provide some insight into whether these results are unique to
a subset of emerging adults, or whether it can be generalized to this age group. Finally,
the significant results in the current study are normally interpreted as small effect sizes
within the social sciences. However, in complex longitudinal cross-lagged models, small
effect sizes are typical given that many factors are accounted for in the model (i.e.,
stability of measures across time and within-wave correlations between each measure;
Adachi & Willoughby, 2015).

Conclusion
The current study provides insight into the nature of the relationship between
sleep problems and emotion dysregulation, and their associations with depressive
symptoms and alcohol use over a period of five years. Of note, our results indicate that
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there are, indeed, direct and indirect effects between sleep problems, emotion
dysregulation, and depressive symptoms. Namely, both sleep problems and emotion
dysregulation directly predict depressive symptoms over time, but they also both
indirectly predict depressive symptoms over time via each other. Furthermore, the
alternative direction of effects also was supported (i.e., depressive symptoms predicted
sleep problems/emotion dysregulation over time via emotion dysregulation/sleep
problems). These results address previous gaps in the literature such as the lack of direct
examinations of the direction of effects between these factors simultaneously and over
time.
Overall, this work also highlights the need to conduct longitudinal work to assess
the direction of effects and temporal precedence, given that many factors that are
typically seen as “predictors” also can be framed as “outcomes”. This provides important
implications to the field of research in which predictors and outcomes of adjustment
problems are vital. Specifically, practitioners and those hoping to reduce adjustment
difficulties among students in university should be aware of the fact that these adjustment
difficulties likely are bidirectional over time.
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Chapter 4 - A Person-Centred Analysis of Sleep Problems and Emotion
Dysregulation: Short- and Long-Term Links with Depressive Symptoms and
Alcohol Use4
Young adulthood in Western culture often is a transitional period of identity
exploration (e.g., career exploration, discovering the self; Erikson, 1968), instability (e.g.,
multiple residential moves), and feeling “in-between” (Arnett, 2000). These
characteristics may be especially true for university students as they often leave home for
the first time to attend university, experience multiple residential moves, and spend an
extended period of time furthering their formal education and exploring career options.
Although many students navigate this transitional period successfully, others experience
adjustment difficulties throughout university, such as sleep problems (Buboltz, Brown, &
Soper, 2001) and emotion dysregulation (Srivastava, Tamir, McGonigal, John, & Gross,
2009). Developmental theories, (e.g., Theory of Psychosocial Development; Erikson,
1968) suggest that difficulties during this transitional period can set the foundation for
long-term problems (Masten, Faden, Zucker, & Spear, 2009). There is limited research,
however, about whether difficulties in adjustment during the first year of university are
long lasting (i.e., can lead to negative health outcomes over time). The purpose of the
present study was to examine emotion dysregulation and sleep problems in first-year
university students, and their short- and long-term associations with depressive symptoms
and alcohol use.

4

The content of this chapter has been revised and resubmitted to Journal of American
College Health
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Sleep Problems and Emotion Dysregulation
Two adjustment difficulties common among first-year university students are sleep
problems and difficulties with emotion regulation (Buboltz et al., 2001; Srivastava et al.,
2009) In fact, findings from past research indicate that sleep problems often are
associated with difficulties in emotion regulation (Gruber & Cassoff, 2014). For example,
individuals with sleep problems display more difficulty in regulating emotions in general
than individuals without sleep problems, and this is evident among both adults (Sandru &
Voinescu, 2014) and university students with post-traumatic stress disorder (Pickett,
Barbaro, & Mello, 2015). Similarly, Ready et al. (2009) found that young adults who
indicate having sleep problems and/or who experience sleep duration that is too short (or
long) tend to have increases in negative affect the next day. Individuals who report sleep
problems also tend to use less cognitive reappraisal strategies when regulating their
negative emotions (Mauss, Troy, & LeBourgeois, 2013). Furthermore, Sandru and
Voinescu (2014) suggested that difficulties with emotion regulation can lead to sleep
problems. For example, when individuals cannot regulate their emotions, they may
become more aroused and, therefore, unable to sleep (Espie, Broomfield, Macmahon,
Macphee, & Taylor, 2006). While these previous researchers predominately have used
cross-sectional designs, Tavernier and Willoughby (2014a) found a longitudinal
bidirectional association between emotion regulation and sleep problems, such that higher
levels of emotion dysregulation predicted greater sleep problems over time, and higher
levels of sleep problems predicted greater emotion dysregulation over time.
Both sleep problems and emotion dysregulation are considered to be
transdiagnostic; that is, they tend to be common underlying factors of multiple health
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problems (Fairholme et al., 2013). Aldao and Dixon-Gordon (2014) found that indicators
of psychopathology such as symptoms of depression, anxiety, borderline personality
disorder, anorexia nervosa and bulimia all were associated with maladaptive emotion
regulation strategies (e.g., self-criticism, suppression, rumination). Fairholme et al.
(2013) found (in a clinical, comorbid sample) when emotion dysregulation is controlled
for, symptoms of insomnia still are associated with anxiety, depression, PTSD, and
alcohol dependence (similar results were found for emotion dysregulation, controlling for
symptoms of insomnia). These findings suggest that although sleep problems often are
linked to difficulties with emotion regulation (and thus, may co-occur within the same
individual), they also may be independent predictors of health outcomes, such that some
individuals may display only sleep problems, others only emotion dysregulation, others
both sleep problems and emotion dysregulation, and the remaining individuals none of
these problems. However, using a variable-centered approach (as outlined above) does
not allow for the examination of heterogeneity between participants. For example,
Fairholme et al. found that both sleep and emotion regulation are associated with health
outcomes independent of each other but also co-occurring within the same participants.
Thus, a person-centred analysis would allow for the examination of distinct profiles of
the relationship between sleep problems and emotion (dys)regulation between
participants.
One method that can be used to test this hypothesis is a latent class analysis which
specifically accounts for heterogeneity (i.e., individual differences) among individuals in
the pattern of these behaviors (Bergman & Magnusson, 1997; Collins & Lanza, 2010);
that is, is there a group of students who exhibit co-occurring sleep problems and emotion
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dysregulation, a group of students who exhibit sleep problems only, a group of students
who exhibit emotion dysregulation only, and a group that display neither sleep problems
nor emotion dysregulation? An examination of this potential heterogeneity is critical for
prevention/intervention efforts. Gaining information regarding how sleep and emotion
dysregulation may be differentially associated between individuals and how these
patterns of association are related to health indicators is important because it provides
practitioners with valuable insight to potential long- and short-term outcomes for these
individuals. This can enhance the ability of those in health care settings to reduce
potential negative health outcomes. The first goal of this study, therefore, was to conduct
a latent class analysis to examine the co-occurrence of sleep problems and emotion
dysregulation.
Short and Long-Term Effects on Depressive Symptoms and Alcohol Use
The second goal of this study was to examine whether patterns of association
between sleep problems and emotion dysregulation are differentially associated with
disturbances in depressive symptoms and alcohol use both in the short-term (i.e., during
the first year of university) and/or in the long-term. Depressive symptoms and alcohol use
are of major concern in universities around the world. For example, the highest levels of
binge drinking often occur among university students (Johnston, O´Malley, Bachman, &
Schulenberg, 2006; Willoughby, 2013; Willoughby, Good, Adachi, Hamza, & Tavernier,
2013), and youth/young adults tend to report the highest rates of mental illness such as
depression (Center for Behavioral Health Statistics and Quality, 2015; Pearson, Janz, &
Ali, 2013). Importantly, researchers have found that both sleep problems and emotion
dysregulation are related to depressive symptoms (Babson, Trainor, Feldner, &
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Blumenthal, 2010; Baglioni et al., 2011; Markarian, Pickett, Deveson, & Kanona, 2013;
Nolen-Hoeksema & Aldao, 2011; Tavernier & Willoughby, 2014b) and alcohol use
(Dvorak et al., 2014; Galambos, Dalton, & Maggs, 2009; Kuvaas, Dvorak, Pearson,
Lamis, & Sargent, 2014; Messman-Moore, Ward, Zerubavel, Chandley, & Barton, 2015;
Wong, Brower, Nigg, & Zucker, 2010).
Sleep problems. Insomnia is thought to increase the risk of developing
depression over time (Baglioni et al., 2011). Additionally, experimental work has
demonstrated that sleep deprivation is associated with individuals rating neutral stimuli
more negatively (in comparison to a control group; Tempesta et al., 2010), increases in
negative mood (Tempesta et al., 2010), and increases in anxiety, depression, and distress
(Babson et al., 2010). Short-term longitudinal work also has indicated that this
relationship may be bidirectional (Tavernier & Willoughby, 2014b). Furthermore, sleep
problems are associated with alcohol use. Individuals who consume alcohol throughout
the day tend to have poor sleep quality and sleep less that night than individuals who do
not consume alcohol throughout the day (Galambos et al., 2009). Additionally,
developmental researchers have indicated that individuals who experience sleep problems
in adolescence tend to have a higher risk of developing alcohol abuse in adulthood. For
example, Wong et al. ( 2010) found that individuals who experienced overtiredness
throughout childhood were more likely to have problems with alcohol use in adulthood.
Emotion dysregulation. Like sleep problems, emotion dysregulation is
associated with depressive symptoms (Markarian et al., 2013). Hopp et al. (2011) found
that participants who scored higher on the implicit valuing of emotion regulation
displayed better psychological health (i.e., fewer depressive symptoms and better
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wellbeing and social adjustment); however, this was seen only for participants who
frequently used cognitive reappraisal strategies and not for those who did not frequently
use these strategies. Additionally, in comparison to effective emotion regulation
strategies (e.g., cognitive reappraisal), less effective emotion regulation strategies (e.g.,
suppression) were found to be associated with increases in depressive symptoms (NolenHoeksema & Aldao, 2011), less positive affect, lower levels of self-esteem, and poor
psychological adjustment (Nezlek & Kuppens, 2008). Emotion dysregulation also is
associated with alcohol use (Messman-Moore et al., 2015). Dvorak et al.(2014) found
that when individuals were unable to accept or control their emotional responses, more
problematic outcomes from alcohol use were likely. Similarly, Kuvass et al. (2014) found
that problematic drinking was related to difficulties regulating emotions. Overall, while
both sleep problems and emotion dysregulation have been shown to be related to
depressive symptoms and alcohol use, limited longitudinal research with university
students has been conducted looking at these associations in the short and long-term.
The Current Study
The purpose of the current study was twofold. The first goal was to conduct a
latent class analysis to examine individual differences in the pattern of self-reported sleep
problems and emotion dysregulation among first-year university students. The second
goal was to examine whether this co-occurrence was related to both short- and long-term
depressive symptoms and alcohol use.
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Methods
Participants
Participants in the current study were 1,132 students (70.5% female) enrolled at a
mid-sized university in southwestern Ontario, Canada, who were part of a larger
longitudinal study. At the first assessment, all participants were in their first year of
university (Mage = 19.06 years, SD = 11.16 months, range 17.8–25.5 years). SES data
indicated that mean levels of education for mothers and fathers of these students fell
between “some college, university, or apprenticeship program” and “completed a
college/apprenticeship and/or technical diploma” (M = 3.71, SD = 1.27, range 1-6). The
sample consisted predominantly of students who were born in Canada (84.9%).
Procedure
First-year university students from various academic disciplines were invited to
complete a survey examining factors related to stress, coping, and adjustment to
university. Participants’ ID numbers were linked with names only for re-contacting
purposes; these links were never included with their survey responses and were kept in a
locked file separate from the survey files. Participants were given the option to select
either course credit or monetary compensation ($10) at Time 1, and were given $50 for
compensation at Time 5. Depressive symptoms and alcohol use were assessed again in
this wave. The University Ethics Board approved the study, and all participants provided
informed consent prior to participation.
Missing Data Analysis
Missing data occurred within each assessment time point because some students
did not answer every question (average missing data at Time 1 and Time 5 were 5.80%
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and 3.02% respectively) and because some students did not complete both waves of the
survey. The number of participants at Time 1 was 1132 and the number of participants at
Time 5 was 746 (note that missing data were imputed – see below). The participant
retention rate was 65.9%.
The multivariate results of a MANOVA examining whether participants who
participated in the study at both time periods differed from participants who completed
only the first time period on Time 1 study variables, indicated there was a significant
effect, Pillai’s trace = .04, F (17, 949) = 2.23, p = .003, η2 = .04. Specifically, participants
who completed both time periods were more likely than participants who completed the
survey only at Time 1 to be female, F(1,965) = 9.05, p = .003, η2 = .01, and less likely to
report drinking alcohol, F(1,965) = 17.73, p < .001, η2 = .02. Missing data were imputed
using the EM (expectation-maximization) algorithm with all study measures included in
the imputation process (Little, 2013). Methodological research has demonstrated that this
method of dealing with missing data is preferable to more common methods such as pairwise deletion, list-wise deletion, or mean substitution (Schafer & Graham, 2002).
Measures.
The current study included measures of demographics, emotion dysregulation and
sleep problems at Time 1, and depressive symptoms and alcohol use at Times 1 and 5
(see Table 4-1 for descriptive statistics). Demographic variables included: sex (1 = male
or 2 = female), parental education (one item per parent, r = 0.43, p < .001, with a scale
from 1 = did not finish high school to 6 = professional degree), and whether participants
were born in Canada (“Were you born in Canada?” 1 = yes or 2 = no). Demographic
variables were used as covariates in all analyses.
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Sleep problems. Sleep problems were assessed at Time 1 using an adapted
version of the Insomnia Severity Index (ISI; Morin, 1993) Participants indicated the
extent to which they experienced difficulty 1) falling asleep, 2) staying asleep, 3) waking
up too early, 4) staying awake, 5) satisfaction with their sleep patterns, and 6) whether
their sleep patterns interfered with daily functioning. Response options for items 1-4
ranged from 1 (no problem) to 5 (very severe problems), item 5 response options ranged
from 1 (very satisfied) to 5 (very dissatisfied), and item 6 response options ranged from 1
(rarely interferes) to 4 (very often interferes). Item 6 was recoded to have a range of 1 to
5 so all variables were on the same scale. Cronbach’s alpha for the sleep items was .77.
Higher scores indicated more sleep problems.
Emotion dysregulation. Emotion dysregulation was assessed at Time 1 with six
items from the Difficulties in Emotion Regulation Scale (e.g., ‘‘When I’m upset or
stressed, I have difficulty concentrating’’; Gratz & Roemer, 2004) The responses were
based on a five-point Likert scale ranging from 1 (almost never) to 5 (almost always).
Cronbach’s alpha was .73. Higher scores indicated more emotion dysregulation.
Depressive symptoms. Depressive symptoms were measured using The Center
for Epidemiological Depression –Revised Scale (e.g., “I thought my life had been a
failure”; Eaton, Smith, Ybarra, Muntaner, & Tien, 2004; Radloff, 1977; Van Dam &
Earleywine, 2011). Response options for these items ranged from 1 (none of the time) to
5 (most of the time). One item (“My sleep was restless”) was excluded so that the
association between depressive symptoms and sleep problems was not inflated. The scale
has good reliability. Ratings were rescored so that the CESD-R had the same range (0–
60) as the original CESD (Radloff, 1977) and summed such that higher scores
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Table 4-1
Descriptive statistics for study variables.
Measure
Sleep Problems
Problems falling sleeping

Time 1
M (SD)
2.55 (1.13)

Problems staying asleep

1.89 (1.07)

Wake up too early

2.13 (1.22)

Problems staying awake

2.02 (1.00)

Sleep pattern satisfaction

3.11 (1.02)

Sleep interference

2.70 (1.06)

Emotion Dysregulation
Feel bad about oneself

2.49 (1.22)

Difficulty concentrating

3.41 (1.14)

Can’t get things done

3.05 (1.10)

Can’t feel better

2.39 (1.10)

Can’t think about anything

3.41 (1.18)

All I can do is wallow

1.94 (0.97)

Depressive symptoms
Alcohol Use

19.88 (10.75)

17.63 (9.88)

3.84 (1.36)

3.47 (1.01)

Covariates
Sex

Time 5
M (SD)

70.5% female

Parent education

3.71 (1.27)

Born in Canada

84.9%
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indicated greater depressive symptoms. Cronbach’s alphas at Time 1 and Time 5 were .91
and .93 respectively.
Alcohol use: Alcohol use was assessed by asking participants how many drinks
they have, on average, when they are drinking alcohol. Responses options were as
follows: 1 (less than 1 drink), 2 (1 drink), 3 (2-3 drinks), 4 (4-6 drinks), 5 (7-10 drinks)
and 6 (over 10 drinks). Higher scores indicate more alcohol use.
Results
Statistical analyses were carried out using MPlus 7 (Muthén & Muthén, n.d.) and
SPSS version 23. All variables displayed acceptable levels of skewness and kurtosis. To
identify individual differences in the pattern of emotion dysregulation and sleep
problems, a latent class analysis (LCA; Nagin, 2005)) was conducted. The six sleep
problem items and the six emotion dysregulation items from Time 1 were entered as class
indicators into the LCA. Sex, whether participants were born in Canada or not, and
parental education also were included as covariates. In order to determine the number of
groups best represented by the data, several criteria were considered: 1) interpretability of
the classes, 2) Bayesian information criterion (BIC), such that smaller values of BIC
indicate a better fit model, 3) significance of the Lo-Mendell-Rubin Adjusted Likelihood
Ratio Test (LMR-LRT) and/or the Bootstrap Likelihood Ratio Test (BLRT), which
compare a particular model to a model with one fewer classes (i.e., a significant p value
indicates that the estimated model provides a better fit to the data than the model with
fewer classes), and 4) average latent class posterior probabilities close to 1.00 (Nylund,
Asparouhov, & Muthén, 2007). Entropy (an index of confidence that individuals belong
to the correct class and that adequate separation between latent classes exists) also was
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examined; scores of .80 and higher are good but there is no set cut-off criterion for
entropy (Jung & Wickrama, 2008).
Fit indices for the LCA indicated that the four-class solution was considered the
optimal model (see Table 4-2). The LMR-LRT became non-significant at five classes,
indicating that adding the fifth class did not significantly improve the model.
Furthermore, the entropy value for four classes was .85 (whereas it was .81 for five
classes), and the average latent classes posterior probabilities ranged from .86 to .94,
indicating that a high proportion of participants were correctly classified. There also was
good distinction among the four classes. Finally, the drop in the BIC from four to five
classes was much smaller than the drop from three to four classes, again suggesting that
the four-class solution best fit the data.

Table 4-2
Latent class analysis (LCA) fit indices.
LMR-LRT

Number of
Classes
2 Classes

BIC
36791.68

Entropy
.813

Loglikelihood
p-value
-19214.80
< .001

3 Classes

36094.15

.837

-18256.24

.003

4 Classes

35786.24

.848

-17852.13

.031

5 Classes

35635.96

.813

-17641.84

.399

The four groups were: 1) Low Co-Occurrence (low sleep problems/low emotion
dysregulation; 29.1% of the sample), 2) Sleep Problems Only (moderate sleep
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problems/low-moderate emotion dysregulation; 11.4% of the sample), 3) Emotion
Dysregulation Only (low-moderate sleep problems/moderate-high emotion dysregulation;
42.4% of the sample), and 4) High Co-occurrence (high sleep problems/high emotion
dysregulation; 17.0% of the sample). To ensure groups were classified appropriately, a
MANOVA with Bonferroni correction was conducted using group membership as the
independent variable and each of the class indicators (i.e., sleep problem and emotion
dysregulation items) as dependent variables. Results supported our class characterizations
and group differences are presented in Table 4-3. Guidelines for clinical cut-off scores
(summed scores that were adjusted for the number of scale items in the current study)
also supported our classes (Bastien, Vallieres, & Morin, 2001; Gratz & Tull, 2010).
According to the cutoffs from Bastien et al. (2001), the High Co-Occurrence group had
levels of insomnia scores in line with “clinical insomnia (moderate severity)”, M = 14.81.
The Sleep Problems only group had scores in line with “subthreshold insomnia”, M =
11.86, whereas the Emotion Dysregulation Only fell between “subthreshold insomnia”
and “no clinically significant insomnia”, M = 7.38. The Low Co-Occurrence group was
consistent with “no clinically significant insomnia”, M = 4.91. The only groups that
reported emotion dysregulation scores consistent with clinical populations were the
Emotion Dysregulation Only and High Co-Occurrence groups (M = 18.24 and 21.81,
respectively; emotion dysregulation scores for Sleep Problems Only and Low CoOccurrence were consistent with the general population; means were 13.94 and 12.45
respectively).
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Table 4-3
Group means and standard deviations of items used in the LCA.
Group 1
Group 2
Group 3
Group 4
Low CoSleep
Emotion
High CoOccurrence
Problems
Dysregulation Occurence
Only
Only
Measures
M (SD)
M (SD)
M (SD)
M (SD)
Problems falling asleep
1.81a (0.76)
3.47c (0.82)
2.29b (0.90) 3.93d (0.87)
Problems staying asleep

1.24a (0.46)

2.84c (1.04)

1.56b (0.71) 3.22d (1.10)

Wake up too early

1.80a (1.03)

2.66b (1.30)

1.94a (1.11) 2.83b (1.43)

Problems staying awake

1.54a (0.74)

2.15b (0.98)

1.97b (0.89) 2.90c (1.19)

Sleep pattern satisfaction

2.47a (0.85)

3.85c (0.68)

2.92b (0.85) 4.25d (0.72)

Sleep interference

2.04a (0.88)

2.89b (0.93)

2.70b (0.96) 3.68c (0.97)

Feel bad about oneself

1.81a (0.87)

2.25b (1.09)

2.52b (1.14) 3.71c (1.16)

Difficulty concentrating

2.20a (0.62)

2.39a (0.70)

4.09b (0.63) 4.48c (0.59)

Can’t get things done

2.64a (1.11)

2.91a, b (1.10)

3.19b, c (1.04) 3.42c (1.13)

Can’t feel better

2.12a (1.11)

2.38a (1.15)

2.31a (1.02) 2.97b (1.08)

Can’t think about anything

2.26a (0.83)

2.41a (0.88)

4.06b (0.69) 4.46c (0.65)

All I can do is wallow

1.40a (0.65)

1.60a (0.74)

2.06b (0.92) 2.78c (1.12)

Note. Means within the same row that share subscripts are not significantly different.
Individuals were assigned to their highest probability class, but it is important to note that
there is error involved with assigning individuals into groups based solely on posterior
probabilities
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The second purpose of this study was to assess whether these distinct groups of
individuals appeared to be at differential risk for short- and long-term problems in
depressive symptoms and alcohol use. To address this question, we examined group
differences on depressive symptoms and alcohol use at Time 1 and Time 5 (4 years later).
Means and standard deviations are shown in Table 4-4 and these results also are
displayed in Figure 4-1.
A repeated-measures ANCOVA indicated a significant multivariate effect for a
three-way interaction between time (Time1, Time5), class (Group 1, 2, 3, 4) and type
(depressive symptoms, alcohol use), Pillai’s trace = .08, F (3, 1068) = 31.55, p < .001, η2
= .08. The three-way interaction was followed up with two MANCOVAS. For short-term
results, a MANCOVA at Time 1 indicated that the multivariate effect of class was
significant, Pillai’s Trace = .30, F(6,2136) = 68.93, p < .001, η2 = .15, with group
differences on depressive symptoms, F(3, 1068) = 148.72, p < .001, η2 = .30, and alcohol
use, F(3, 1068) = 2.70, p = .04, η2 = .01 (see Table 4-4). For depressive symptoms,
Games-Howell pairwise comparisons indicated that the Low Co-Occurrence Group
reported fewer symptoms than all other groups whereas the High Co-Occurrence Group
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Mean Depressive Symptoms

35

A

30
25

Group 1: Low Co-Occurrence

20

Group 2: Sleep Problems Only

15

Group 3: Emotion
Dysregulation Only

10

Group 4: High Co-Occurrence
5
0
Depressive Symptoms
Time 1

Depressive Symptoms
Time 2

B
6

Mean Alcohol Use

5

Group 1: Low Co-Occurrence

4
Group 2: Sleep Problems Only
3
Group 3: Emotion
Dysregulation Only

2
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1
0
Alcohol Use Time 1

Alcohol Use Time 2

Figure 4-1. This figure displays the results of the 3-way interaction. For ease of
presentation, Part A outlines the group results for depressive symptoms at Times 1 and 2,
and Part B outlines the group results for alcohol use at Times 1 and 2.
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Table 4-4
Means and standard deviations of depressive symptoms and alcohol use as a function of
class at Time 1 and Time 5.
Group 1
Low CoOccurrence

Group 2
Sleep
Problems
Only

Group 3
Emotion
Dysregulation
Only

Group 4
High CoOccurrence

M (SD)

M (SD)

M (SD)

M (SD)

Measures
Depressive
Symptoms Time 1

13.02a (7.31)

19.07b (8.70)

19.83b (9.53)

31.87c (10.37)

Depressive
Symptoms Time 5

15.24a (8.96)

17.66a (9.04)

16.66a (9.39)

23.66b (10.62)

Alcohol Use
Time 1

3.97a,b (1.50)

4.10b (1.26)

3.68a (1.31)

3.92a,b (1.34)

Alcohol Use
Time 5
3.60 a (1.07)
3.59a (1.08)
3.36a (0.94)
3.49a (1.01)
note. Means within the same row that share subscripts are not significantly different.
Individuals were assigned to their highest probability class, but it is important to note that
there is error involved with assigning individuals into groups based solely on posterior
probabilities.
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reported more symptoms than all other groups. The Sleep Problems Only and the
Emotion Dysregulation Only Groups did not differ significantly from each other. For
alcohol use, Hochberg’s GT2 pairwise comparisons indicated that the Sleep Problems
Only Group reported higher number of drinks per drinking session than the Emotion
Dysregulation Only Group. There were no other significant differences.
Results of a MANCOVA at Time 5 (four years after Time 1) indicated that the
effect of class was significant, Wilk’s Lamda = .91, F(6,2134) = 18.23, p < .001, η2 = .05,
with group differences on self-reported depressive symptoms, F(3, 1068) = 35.94, p <
.001, η2 = .09, but not on self-reported alcohol use, p = .36, (see Table 4-4). In regard to
depressive symptoms, Games-Howell pairwise comparisons indicated that the High CoOccurrence group displayed more depressive symptoms at Time 2 than all other groups.
Discussion
The current study is among the first in which heterogeneity in the long-term effect
of adjustment difficulties (i.e., sleep problems and emotion dysregulation) in first-year
university students was examined. Overall, our results indicated that the co-occurrence of
self-reported sleep problems and emotion dysregulation was evident in this sample of
undergraduate students. Importantly, the High Co-Occurrence Group displayed
depressive symptoms that were above or at clinical cut-offs at Time 1 (M = 31.87, SD =
10.37) and Time 5 (M = 23.66, SD = 10.62; Vilagut, Forero, Barbaglia, & Alonso, 2016)
In addition, our results indicate that the co-occurrence of sleep problems and emotion
dysregulation was related to depressive symptoms both in the short- and long-term. That
is, individuals with high co-occurrence of sleep problems and emotion dysregulation
experienced the most depressive symptoms among their peers at Time 1 and 4 years later,
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indicating that individuals with two highly co-occurring problems are at risk for longterm negative health outcomes, and are a target group that would benefit from programs
that specifically address adjustment difficulties in first-year university students. This
finding indicates that it is critical for researchers to pay attention to long-term effects
(Bromet, 2016).
In contrast, the group differences about alcohol use (i.e., number of drinks) were
less robust. The minimal differences at Time 1 and the lack of group differences at Time
2 may be due to the fact that levels of drinking for many students elevate throughout the
person’s years at the university (and are higher than individuals aged 25 years and older;
Thomas, 2012) Indeed, in the current study, self-reported alcohol use at Time 1 was
around 4-6 drinks per drinking session (i.e., at binge drinking levels). Even at Time 5, the
group means were between 2-3 drinks and 4-6 drinks per drinking session. Thus, drinking
habits across student years at the university tended to remain relatively stable, regardless
of what group participants were in, which may be why no group differences on alcohol
use were found. However, a second potential reason that group differences may not have
been present may be because individuals drink for different reasons. For example, past
researchers have indicated that individuals engage in higher levels of alcohol use during
celebrations, to reduce inhibition like shyness, and to forget things they may worry about
(Kairouz, Gliksman, Demers, & Adlaf, 2002). It may be that the groups in the current
study differed in their motives for drinking. Individuals in the high co-occurring group
(i.e., high levels of sleep problems and emotion dysregulation) – who also display high
levels of depressive symptoms – could be using alcohol as a coping mechanism (e.g.,
using alcohol as self-medication). In contrast, perhaps those in the low co-occurring
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group (i.e., low levels of sleep problems and emotion dysregulation) use alcohol in a less
problematic manner (e.g., when socializing with friends). As we did not assess motives
for drinking in the present study, future research should examine whether these groups do
differ on aspects such as problematic coping behaviours and social behaviours.
A major strength of our study is that we explicitly examined individual
differences using a person-centered approach, rather than a variable-centered approach.
Previous researchers have investigated trajectories of wellbeing in young adulthood; for
instance, Galambos et al. (2006) found that, on average, wellbeing (measured by
depression, self-esteem, and anger) improved from 18 to 25 years of age and that
enrolling in university and leaving home did not predict greater change in wellbeing over
time in comparison to youth who did not attend a university. These results, however,
were based on variable-centered analyses, specifically examining average change across
all university students versus average change across non-university students. While these
findings provide important information about the association between university
attendance and adjustment, using a variable-centered analysis masks the heterogeneity of
participant responses and profiles, and mitigates the potential to identify at-risk students.
Our person-centered analysis adds an important dimension to our knowledge of how
distinct profiles of first-year university student problems are related in the short- and
long-term to adjustment problems.
Although our results display findings that should be of interest to those in college
settings, it must be noted that the results of the current study are based on a sample of
Canadian university students which may differ from a sample of university students in the
United States. Similarities among university students in the two countries, however, are
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clear (see National College Health Assessment 2016 results, carried out with both
Canadian and US students; American College Health Association, n.d.) With regard to
alcohol use, binge drinking occurs at high levels with both American university students
(Johnston et al., 2006) and Canadian university students (Willoughby, 2013; Willoughby
et al., 2013). Indeed, the World Health Organization has indicated that the highest level
of alcohol use tends to be found in the Americas – including Canada and the United
States – and Europe (and this is the case for youth [age 15-19] alcohol consumption as
well; Global status report on alcohol and health, 2014, 2014) Depressive symptoms and
sleep problems also are fairly prevalent in youth/young adults in both the United States
(Center for Behavioral Health Statistics and Quality, 2015) and Canada (Pearson et al.,
2013). Emotion dysregulation also is unlikely to be different among students in the two
countries.
The results of the current study can be applied to the work carried out by both
Canadian and American university health practitioners. For example, our results
demonstrate that in the short term (i.e., our concurrent results), depressive symptoms
were moderately high for individuals who displayed either sleep problems or emotion
dysregulation; however, these findings did not persist over the long term. Perhaps these
individuals experienced a stressful transition in their first year of being in the university,
thus they displayed moderate levels of depressive symptoms during that time; it also
could be that these individuals utilized new coping mechanisms to deal with adjustments
throughout this period of time. However, over the long term, these symptoms appeared to
diminish and were at the same level of those in the low co-occurrence group. One way
university health practitioners may be able to aid students would be to address methods of
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improving either sleep quality or difficulties with regulating emotions; alternatively, if it
is simply adjustment to university in general, one potential strategy could be to help find
or develop a variety of coping strategies to deal with adjustment difficulties. In contrast,
individuals with high co-occurrence displayed elevated levels of depressive symptoms in
both the short- and long-term Perhaps one way of identifying these individuals is to have
health practitioners that are already in contact with students also assess – at a subjective
level – whether the students are experiencing sleep difficulties and/or difficulties
regulating emotions that they experience. These students in particular would benefit from
some form of intervention or assistance – specifically targeting both sleep problems and
emotion dysregulation – starting in first year university.
Limitations
The strengths of the current study also have to be balanced with its limitations.
First, as the sample consisted only of university students who tend to be frequent drinkers
of alcohol, variability in drinking behaviours may have been small (or group differences
in reasons for consuming alcohol may have differed) leading to an inability to find group
differences. The findings may differ in populations where alcohol use is not as high as it
is in young adulthood (e.g., for individuals over the age of 25; Thomas, 2012). Second,
these findings do not apply to the general population as they were based on a single
university sample. An advantage of using one university sample, however, is that we
were able to develop a strong relationship with the participants, and thus, retention was
high over time. In addition, the pattern of findings from this study is unlikely to be unique
to university students.
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A third limitation is that these data are based on self-report. It would have been
beneficial to assess sleep problems using an objective measure (e.g., actigraphy). Selfreport measures, however, represent an important way to investigate individuals’
perceptions of their sleep quality, the variable of interest in the present study. Second, a
concern with using self-report data is that participants may provide responses that are
socially desirable. However, given the variability in the responses among this sample,
including high-risk scores, this may not be a concern.
A fourth limitation is that although we did collect data over time, these results
should not be interpreted as causal effects. Rather, they suggest that groups of individuals
at one point in time may display differing characteristics over time. Future researchers
should examine whether interventions for sleep and/or emotion dysregulation help those
displaying elevated levels of mental health problems as this would provide some
evidence of cause and effect.
Finally, the current study focused only on self-reported depressive symptoms and
alcohol use as these are two areas of wellbeing that are pertinent for university students.
However, psychosocial adjustment comprises multiple aspects of life, so another area for
future research would be to examine other indicators of adjustment such as social
interactions, friendship quality, self-esteem, and stress.
Conclusions
The current study provides insight into specific co-occurrence patterns between
sleep problems and emotion dysregulation. Future work should be conducted so
researchers can examine whether these patterns of association remain stable over time,
and whether changes in these patterns are associated with changes in health outcomes
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(e.g., depressive symptoms). In other words, are these four groups of co-occurrence found
throughout each year of university attendance, and do individuals remain in the same
group over time? Knowledge of the stability of this co-occurrence would provide even
more insight into how sleep problems and emotion dysregulation are associated with
negative health outcomes over time.
Overall, the examination of the association between sleep problems and emotion
dysregulation at a person-centered level in the current study provides novel information
on how these adjustment difficulties differ across individuals and enhances the ability to
assess their long-term links with negative outcomes such as self-reported depressive
symptoms and alcohol use. University is an important time of transition and our results
indicate that adjustment difficulties in the first year of university attendance can have
long-lasting effects, particularly for students with co-occurring adjustment difficulties.
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Chapter 5 - General Discussion and Conclusions
The main focus in this dissertation was to examine adjustment difficulties among
university students, specifically the relationship among sleep problems, emotion
dysregulation, depressive symptoms, alcohol use, and physical activity given their
importance and prevalence throughout the university years (Bray & Born, 2004; Center
for Behavioral Health Statistics and Quality, 2015; Deliens, Deforche, De Bourdeaudhuij,
& Clarys, 2015; Johnston, O´Malley, Bachman, & Schulenberg, 2007; Pearson, Janz, &
Ali, 2013; Willoughby, Good, Adachi, Hamza, & Tavernier, 2014). Although a plethora
of cross-sectional and some experimental research has been conducted examining the
associations among these factors, little work has examined temporal precedence (e.g., do
sleep problems predict depressive symptoms, or do depressive symptoms predict sleep
problems?) which is critical to understanding how these indicators of adjustment and
well-being are associated across time. Thus, conducting longitudinal research in this area
is of utmost importance and was the first goal of this study.
I also was interested in examining a potential mechanism through which sleep
problems and adjustment (e.g., depressive symptoms, alcohol use, and physical activity)
are related, namely emotion dysregulation. Emotion dysregulation has been linked to
sleep problems (e.g., Cerolini, Ballesio, & Lombardo, 2015), physical activity (e.g.,
Ready, Marquez, & Akerstedt, 2009), alcohol use (e.g., Messman-Moore, Ward,
Zerubavel, Chandley, & Barton, 2015), and depressive symptoms (e.g., Markarian,
Pickett, Deveson, & Kanona, 2013), making it a potential mechanism through which
these variables are associated over time.
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To address these research questions, I conducted three studies. The first two studies
focused on the role of emotion dysregulation as a potential link between sleep and
physical activity over time (Study 1), and between sleep and depressive symptoms as
well as alcohol use over time (Study 2). In Study 3, I focused on a person-centered
approach which allowed me to examine heterogeneity (i.e., different patterns of
association) in the relationship between sleep problems and emotion dysregulation, and
how these patterns were associated with well-being in the short- and long-term. Across
these three studies there were some consistent findings and also some unexpected
findings which are outlined and synthesized in the following sections.
Sleep Problems
Past research has indicated that there might be bidirectional relationships between
sleep problems and emotion dysregulation. However, the majority of this work tends to
be concurrent (e.g., Hoag, Tennen, Stevens, Coman, & Wu, 2016; Pickett, Barbaro, &
Mello, 2016), thus preventing an assessment of the direction of effects, or experimental
(e.g., Yoo, Gujar, Hu, Jolesz, & Walker, 2007) in which both directions of effects are not
assessed. Indeed, even past longitudinal research has tended to test either only one
direction of association (e.g., O’Leary, Bylsma, & Rottenberg, 2016), or has not tested
bidirectional relationships simultaneously (e.g. Tavernier & Willoughby, 2014).
In the current dissertation, both Studies 1 and 2 indicated that there were bidirectional
relationships between sleep problems and emotion dysregulation. Specifically, sleep
problems predicted more emotion dysregulation over time controlling for previous
emotion dysregulation, and emotion dysregulation predicted more sleep problems over
time controlling for previous sleep problems. Thus, these results provide a direct test of
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bidirectionality and also support past concurrent and experimental research that has
suggested a bidirectional relationship between these two factors.
With regard to sleep and physical activity, past research has demonstrated
inconsistent findings, with some researchers findings associations between them (e.g.,
Gerber, Brand, Holsboer-Trachsler, & Pühse, 2010; Kalak et al., 2012) and others finding
no association between them (e.g., Mitchell et al., 2016; Youngstedt et al., 2003). In
Study 1 of this dissertation, the results indicated that sleep problems were not directly
associated with physical activity but instead were indirectly related to high, moderate and
low levels of physical activity over time through emotion dysregulation. Further, only
moderate levels of physical activity promoted fewer sleep problems over time through
decreased emotion dysregulation. This finding of only an indirect effect helps shed light
on why past research results in this area have been so mixed.
Study 2 indicated that sleep problems directly predicted more depressive symptoms
over time controlling for previous depressive symptoms, and depressive symptoms
predicted more sleep problems over time controlling for previous sleep problems.
Further, sleep problems also predicted more alcohol use over time controlling for
previous alcohol use. Overall, the results across these studies indicate that sleep is
associated with a variety of outcomes important throughout university. However, these
associations are a mix of direct (e.g., sleep to depressive symptoms) and indirect effects
(e.g., sleep problems predicting physical activity via emotion dysregulation).
Overall, these findings have important implications because they indicate that sleep
quality is a significant issue for a variety of indicators of university adjustment. This
knowledge is vital because many university students tend to focus on their academic
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work and disregard the importance of sleep. In a study by Brown, Qin, and Esmail
(2017), they examined university students’ perceptions about their sleep quality and
habits. In an open-ended question, the researchers also assessed general information
students had regarding sleep patterns. The largest theme was that academic load and test
scheduling created poor environments for obtaining enough sleep; this was followed by
unhealthy lifestyles and bad habits [e.g., excessive screen time (i.e., phones), eating less
nutritious food; Brown et al., 2017]. These results also are consistent with research by
Agarwal, Eryuzlu, and Chawla (2014) and Hershner (2015) and suggest that looking for
ways to facilitate better sleep habits among university students should be a priority.
Emotion Dysregulation
Like sleep, emotion dysregulation has been linked to a variety of adjustment
indicators (Dragan, 2015; Fischer, Forthun, Pidcock, & Dowd, 2007; Nolen-Hoeksema &
Aldao, 2011). In Study 1 of this dissertation, emotion dysregulation predicted lower
levels of high, moderate, and low physical activity across time controlling for previous
physical activity. In addition, moderate physical activity predicted less emotion
dysregulation over time controlling for previous emotion dysregulation. In Study 2 of this
dissertation, emotion dysregulation was bidirectionally related to depressive symptoms
such that emotion dysregulation predicted more depressive symptoms over time
controlling for previous depressive symptoms, and depressive symptoms predicted more
emotion dysregulation over time controlling for previous emotion dysregulation.
Although past research has revealed mixed findings in the relationship between these two
factors, these results are consistent with some previous work that has indicated these two
adjustment indicators are related (e.g., Berking, Wirtz, Svaldi, & Hofmann, 2014).
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In general, these findings indicate that emotion dysregulation plays an important role
in the promotion of physical activity and also lower levels of depressive symptoms. With
regard to physical activity, Gross (2002), has indicated that poor emotion regulation
strategies – for example, inhibiting or suppressing emotions – are related to poor health
outcomes (also see DeSteno, Gross, & Kubzansky, 2013 for a discussion). Specifically,
Denollet et al. (1996) found that individuals with a history of heart attacks and who
generally suppressed their emotions had higher mortality rates than those with a history
of heart attacks who did not suppress their emotions. In this study, patients who had
passed away displayed a variety of problematic health symptoms, but one was that they
tended to exercise less than those who had not. Perhaps the relationship of emotion
dysregulation with a variety of other health problems is a contributing factor to exercising
less frequently. With regard to depressive symptoms, these results indicate that these two
factors may, indeed, be related, and provides more support to previous work that has
found this relationship (e.g., Berking et al., 2014). Clearly emotion dysregulation plays a
valuable role in the promotion of well-being.
Mechanisms Across Time
Given the link between emotion dysregulation and sleep, physical activity and
depressive symptoms, I tested whether it might be a mechanism through which these
factors are related. Throughout Studies 1 and 2, emotion dysregulation did, indeed, act as
a mechanisms linking sleep problems and depressive symptoms over time, as well as
sleep problems and physical activity over time. However, given the bidirectional
relationship between sleep problems and emotion dysregulation, testing sleep problems as
a potential mechanism also was important. In Study 1 this association was not assessed
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given that sleep was not directly predictive of physical activity. In Study 2, however,
results indicated that sleep problems also provided a mechanism by which emotion
dysregulation was associated with depressive symptoms over time.
Again, these results have a variety of implications. First, given the findings
throughout the current studies that there is a bidirectional relationship between sleep
problems and emotion dysregulation, it is important for researchers to consider a priori
whether there might be multiple mechanisms by which these factors are related to
adjustment. For example, I found that sleep problems and emotion dysregulation each
provided a mechanism through which the other was associated with adjustment
difficulties. Second, examining mechanisms by which various indicators of adjustment
are related provide alternative explanations for why certain factors may be related, and/or
why previous research has sometimes not found significant associations.
Short- and Long-term Effects
Study 3 took a different approach to examining sleep problems and well-being. Given
that sleep and emotion dysregulation are bidirectionally related (Study 1 and Study 2),
and are considered to be transdiagnostic indicators of a variety of mental health problems
(Fairholme et al., 2013), I conducted a person-centered analysis (i.e., a latent class
analysis) to examine heterogeneity in the relationship between sleep problems and
emotion dysregulation. Overall, I found four patterns of associations: 1) individuals with
high levels of sleep problems and emotion dysregulation, 2) individuals with high levels
of sleep problems only, 3) individuals with high levels of emotion dysregulation only,
and 4) individuals with low levels of both sleep problems and emotion dysregulation.
Individuals in Group 1 demonstrated the highest level of depressive symptoms both in the
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short-term (i.e., concurrent with the year of group membership), but also 4 years later.
Individuals in Group 4 demonstrated the lowest level of depressive symptoms at both
time points. Individuals in Groups 2 and 3 demonstrated moderate levels of depressive
symptoms in the short-term but were not different from Group 1 – over the long term.
Thus, individuals with co-occurring difficulties appear to have elevated levels of
depressive symptoms both in the short- and long-term.
In general, the results from Study 3 indicate that these variables are related over an
extended period of time. This is also evident in Study 1 in which sleep, emotion
dysregulation, and physical activity were associated across three years, and in Study 2 in
which sleep, emotion dysregulation, depressive symptoms, and alcohol use were
associated across five years. This is important to note because these results suggest that
difficulties in sleep and emotion dysregulation have lasting effects, especially for students
who experience multiple difficulties (e.g., the high co-occurrence group in Study 3). This
finding has implications for individuals interested in aiding students who experience
difficulties in adjustment - these results help identify groups of students who should be
targeted for intervention strategies in university.
Predictors Versus Outcomes
In the conclusion of Study 2, one of the main messages was that it is difficult to
frame indicators of adjustment as either predictors or outcomes given the complex and
bidirectional relationships that were evident. Although this was not always the case in
this dissertation (e.g., I found mostly unidirectional relationships among sleep problems,
emotion dysregulation, and physical activity in Study 1), it appears that indicators more
closely tied to mental health may be mutually reinforcing. This is important for those who
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are interested in reducing difficulties in adjustment because it provides more areas to
target, rather than searching for a single “cause” of problems in well-being.
This idea is further tied to the co-occurring nature of sleep problems and emotion
dysregulation. Both sleep problems and emotion dysregulation are underlying factors in a
variety of mental health problems (e.g., anxiety and depression, Fairholme et al. 2013).
However, the results in Study 3 of this dissertation also indicate that there may be varying
patterns of association between these two adjustment indicators. Specifically, some
individuals may display high levels of both sleep problems and emotion dysregulation,
low levels of both, or symptoms of only one indicator. Each of these varying patterns of
association have different relationships with depressive symptoms and, to some extent,
alcohol use. One key result from Study 3 was that individuals who were high on both
sleep problems and emotion dysregulation displayed elevated levels of depressive
symptoms both at a concurrent time point, but also four years later. This finding also
supports the idea of mutual reinforcement across time and that these indicators cannot
only be framed as predictors or outcomes. Moreover, these results are consistent with past
research that shows that individuals with comorbid difficulties tend to fare worse than
individuals with just one difficulty (e.g., Kranzler, Del Boca, & Rounsaville, 1996).
Strengths and Limitations
The studies throughout this dissertation have a variety of strengths. The first is that
two approaches were taken to examine associations between sleep problems, emotion
dysregulation, and adjustment throughout university. Studies 1 and 2 had a variablecentered approach and utilized the strengths of an auto-regressive cross-lag path analysis.
A variable-centered approach allows for the examiniation of associations between
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variables over time but does not allow for the examination of distinct patterns of
association. Study 3 took a person-centered approach to address this issue, allowing me to
investigate heterogeneity in the relationship between sleep problems and emotion
dysregulation over time.
A second strength is the consistency of associations across these studies. Both Studies
1 and 2 found a bidirectional relationship between sleep problems and emotion
dysregulation although the models in which these two factors were integrated were
different, in that each model incorporated different variables which can alter the patterns
of association). Further, both models in Studies 1 and 2 were invariant across time. This
indicates that the patterns of association between these variables did not change
depending on the wave of measurement. However, perhaps continuing to follow these
participants over time may reveal differences in association given that most students
would have graduated after the fifth year of university. This is interesting given the fact
that emerging adulthood is often considered a period of change and transition (e.g.,
Arnett 2000, 2001). However, these results tend to speak to the stability of associations
across this period of life. Perhaps emerging adulthood could be more characterized by life
transitions (e.g., moving away from home), whereas the relationships between these
indicators of adjustment are more stable. To glean insight into whether emerging
adulthood invites change would require examining individuals throughout high school,
into university and then into the workforce.
A third strength is that these studies comprise a large sample followed over a number
of years. This design allows for a variety of analyses to be conducted with enough power
to find effects. This strength, however, must be balanced with it limitations. It is
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important to note that the magnitude of the relationships found in this dissertation were
small – especially in Studies 1 and 2. Given the study designs, however, this is not
surprising (Adachi & Willoughby, 2015). For example, when conducting auto-regressive
cross-lag path analyses, you are controlling for concurrent associations (i.e., correlations
between the variables within each time point), stability across time of each variable (i.e.,
controlling for previous scores, or the autoregressive path), covariate effects, and also all
other predictive paths in the model (see Figure 5-1 for an illustration). Moreover, Adachi
and Willoughby (2015) indicate that including the autoregressive path – or the stability of
a variable across time – if it is strong, can reduce the possibility of finding a large effect
(see Figure 5-2). It is important to note, however, that although the effects across time
might be small, they can still be seen as meaningful.
One caveat that also should be mentioned is that these cross-lag results are unique to
the model in which it is tested. Therefore, if the model is altered or if multiple other
variables are included thereby creating an even more complex model, patterns of
associations may differ. Finally, a limitation of this work is that it comprises only
university students. It could be that these relationships differ for individuals who do not
attend university (see below). In addition, given that sleep, emotion dysregulation,
physical activity, depressive symptoms and alcohol use are important indicators of
adjustment across the lifespan, noting the patterns of association across a variety of age
groups would be key (see below in Future Research).
Future Research
These studies provide important insight into university adjustment and address
limitations and gaps that were evident throughout the literature. However, these studies
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Figure 5-1. An illustration of paths involved in a saturated autoregressive cross-lag path
model. As an example, the unique effect of Variable 1.1 on Variable 2.2 (the red path) is
controlling for a variety of other associations. Specifically, the effect of Variable 1.1 on
Variable 2.2 is controlling for: previous scores on variable 2.2. (i.e., controlling for 2.1),
correlations between Variable 2.1 and all other Time 1 variables, and all other predictive
paths to variable 2.2 (i.e., controlling for Variable 3.1, 4.1 Covar 1.1 and Covar 2.1).
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Figure 5-2. Figure from Adachi & Willoughby (2015). This figure displays results for
concurrent associations between the predictor and outcome (A.), longitudinal associations
between the predictor and outcome (B), and the longitudinal effect (C) controlling for the
concurrent T1 association and the autoregressive effect. Adachi and Willoughby (2015)
explain the figure as follows:
“First, we examine the concurrent association between T1 frequency of
competitive video game play and T1 aggression (see Figure 1A). The bivariate r
is .35 for the predictive effect of T1 frequency of competitive video game play on
T1 aggression. Next, we examine the longitudinal association between T1
frequency of competitive video game play and T2 aggression without controlling
for stability effects (see Figure 1B). Similar to the concurrent association, the
bivariate r is .37 for the predictive effect of T1 frequency of competitive video
game play on T2 aggression (again, when there are only two variables in the
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model, the bivariate r is equal to the value of b). Finally, we conduct an
autoregressive path analysis to examine the longitudinal association between T1
frequency of competitive video game play and T2 aggression, controlling for
stability effects (see Figure 1C). The stability path from T1 aggression to T2
aggression is b = .67, and the concurrent association between T1 frequency of
competitive video game play and T1 aggression is bivariate r = .36. Thus, the
indirect path from T1 frequency of competitive video game play on T2 aggression
through T1 aggression is .67 x .36 = .24. Controlling for stability effects,
therefore, removes variance (i.e., .24) in T2 aggression that is shared with T1
frequency of competitive video game play and reduces the predictive effect of T1
frequency of competitive video game play on T2 aggression by almost 2/3, from
bivariate r = .37 to b = .13. Therefore, controlling for stability in aggression
dramatically reduces the magnitude of the effect size of another predictor of T2
aggression,” (pg.120-121).

also present more research questions that should be addressed in the future. One area for
future research would be to examine these patterns of association throughout a longer
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time span. Given that there now are seven waves of data available in this dataset, it is
possible that a transition to work may alter wellbeing (e.g., Haase, Heckhausen, &
Silbereisen, 2012) and perhaps the patterns of association between these variables. For
example, when we take results from Study 3 into account, perhaps individuals who
displayed either sleep problems or emotion dysregulation will undergo another point
during which adjustment difficulties are evident again and display increases in depressive
symptoms.
Another area for future research would be to examine how group membership – or
patterns of heterogeneity between sleep problems and emotion dysregulation – may
change across time. For example, a latent transition analysis would indicate whether these
four patterns of association between sleep problems and emotion dysregulation remain
stable across time, and also would indicate how stable individuals are within these groups
across time (e.g., do they maintain high levels of sleep problems and emotion
dysregulation across time?). If the result was that individuals tend to switch between
groups (for example, display high levels of both sleep problems and emotion
dysregulation at Time 1 and then only display sleep problems later on), it would be
important to examine what other factors predict this change in group membership.
Finally, one last future direction would be to examine these patterns of association
across other samples. One group to examine would be young adults who do not attend
university. Students who attend university tend to have higher levels of alcohol use than
individuals who do not go to university (O’Malley & Johnston, 2002) and may have
higher levels of depressive symptoms as well, although results tend to be inconsistent in
this area (Blanco & Okuda, 2008; Ibrahim, Kelly, Adams, & Glazebrook, 2013). Thus, it
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would be important to examine whether the patterns of association found in this
dissertation hold across a sample of individuals that are the same age but have chosen a
different life trajectory than those included in the current studies. A second group of
individuals to examine would be older adults. Currently I have one wave of data available
that includes each of the measures used throughout this dissertation. However, given the
amount of evidence showing bidirectional associations between these factors, it does not
seem pertinent to run a structural equation model with concurrent data and try to assess
similar research questions as were assessed in the present set of studies. Rather, it may be
better to collect a second wave of data and then run these analyses to ascertain whether
similar patterns of association are found in this age group as they are in a sample of
undergraduate students.
Conclusion
In conclusion, this set of studies indicates that two common problems in university –
sleep and emotion dysregulation – are bidirectionally related over time and also
sometimes are co-occurring. The current results also indicate that problems experienced
early on in university may have lasting effects. For example, the patterns of association
between sleep, emotion dysregulation, alcohol use, sleep problems and exercise were
consistent across all periods of time. Further, individuals with the co-occurrence of high
levels of sleep problems and emotion dysregulation demonstrated poorer long-term
outcomes than individuals with only one adjustment difficulty or no difficulties. Thus,
these areas of adjustment should be targeted by those involved with aiding university
students throughout this time of transition. Further, given the bidirectional nature of many
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of the associations found throughout these studies, multiple areas surrounding students’
lives can be targeted when seeking to promote healthy outcomes for young adults.
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Appendix A: Demographics
1. Are you male or female?

 Male

 Female

2. What is your birth date?

______years _____month _____day

3. What is the highest level of education that your MOTHER/STEPMOTHER
(female guardian) whom you have lived with the MOST has completed? (If more
than one mother, answer for one of them or if you have no contact with your
mother/stepmother or female guardian please skip to Question 4 below)
 Did not finish high school
 Finished high school
 Some college, university, or apprenticeship program
 Completed a college/apprenticeship diploma (e.g., electrician) and/or
technical
diploma (i.e., graphic design, hair dressing)
 Completed a university undergraduate degree
 Completed a professional degree (e.g., masters, PhD, medical doctor,
lawyer)
4. What is the highest level of education that your FATHER/STEPFATHER (male
guardian) whom you have lived with the MOST has completed? (If more than one
father, answer for one of them or if you have no contact with your
father/stepfather or male guardian please skip)
 Did not finish high school
 Finished high school
 Some college, university, or apprenticeship program
 Completed a college/apprenticeship diploma (e.g., electrician) and/or
technical
diploma (i.e., graphic design, hair dressing)
 Completed a university undergraduate degree
 Completed a professional degree (e.g., masters, PhD, medical doctor,
lawyer)
5. Were you born in Canada?

 Yes

 No
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Appendix B: Sports Clubs and Exercise
Sport Club Involvement
1. Since September 2010 (e.g., the start of this academic year), how often have you done
the following:

a) Participated in sports clubs……

Never
... …

Seldom
... …

About
once a
month
... …

2-3
times a
month
... …

About
once a
week
... …

Several
times a
week
... …

Physical Activity
1. Indicate how many times in the LAST MONTH you participated in a physical activity,
on your own or with a team, including school time.

a) High-intensity physical activity (e.g.,
running, soccer, hockey, swimming, etc. to a
point of heavy sweating, heavy breathing)……..
b) Medium-intensity physical activity (e.g.,
baseball, jogging, skating, etc. to a point of
some sweating, faster than normal breathing)….
c) Low-intensity physical activity (e.g.,
bowling, curling, walking, etc. to a point of
little sweating, normal breathing)………………

Every
day

A few
times a
week

A few
times a
month

Once

Not
at all

... …

... …

... …

... …

... …

... …

... …

... …

... …

... …

... …

... …

... …

... …

... …
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Appendix C: Sleep Problems
Sleep problems were assessed using an adapted version of the Insomnia Severity Index
ISI; Morin, 1993). Item 3 was recoded to have a range of 1 to 5 so all variables were on
the same scale.
1. Please answer whether you have any problems with the following:
No
Problem
a) Difficulty falling asleep………….……
b) Difficulty staying asleep….….………..
c) Problem waking up too early………….
d) Problem staying awake………………..

…
…
…
…

…
…
…
…

Mild
…
…
…
…

…
…
…
…

Moderate
…
…
…
…

…
…
…
…

Severe
…
…
…
…

…
…
…
…

Very
Severe
Problem
…
…
…
…

…
…
…
…

2. How satisfied are you with your sleep pattern?

Very satisfied
Satisfied
Neither satisfied nor dissatisfied
Dissatisfied
Very dissatisfied
3. To what extent do you think your sleep patterns interfere with your daily functioning
(daytime fatigue, ability to perform daily tasks, concentration, memory, mood, etc.?)
Rarely interferes
Sometimes interferes
Often interferes
Very often interferes
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Appendix D: Emotion Dysregulation
Emotion dysregulation was measured in all three studies with six items from the
Difficulties in Emotion Regulation Scale (DERS; Gratz & Roemer, 2004). The items and
response options are outlined below.
1. Please indicate how often the following statements apply to you:
Almost
never
Sometimes
a) When I’m upset or stressed, I
have difficulty concentrating…….
b) When I’m upset or stressed, I
have difficulty thinking about
anything else…………………….
c) When I’m upset or stressed, I can
still get things done………………
d) When I’m upset or stressed, I
believe that wallowing in it is all
I can do………………………….
e) When I’m upset or stressed, I
know that I can find a way to
eventually feel better…………….
f) When I’m upset or stressed, I start
to feel very bad about myself……

About half
the time

Most of
the time

Almost
always

… …

… …

… …

… …

… …

… …
… …

… …
… …

… …
… …

… …
… …

… …
… …

… …

… …

… …

… …

… …

… …

… …

… …

… …

… …

… …

… …

… …

… …

… …
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Appendix E: Alcohol Use
Alcohol use was assessed using one item:
1. On average, when you are drinking alcohol, about how many drinks do you have?
Less than 1 drink
1 drink
2-3 drinks
4-6 drinks
7-10 drinks
Over 10 drinks
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Appendix F: Depressive Symptoms
Depressive symptoms were measured in all three studies using the The Center for
Epidemiological Depression –Revised Scale (Eaton, Smith, Ybarra, Muntaner, & Tien,
2004; Radloff, 1977; Van Dam & Earleywine, 2011). Although there are 20 items total,
we never included Item K (“My sleep was restless”) in our analyses as to not inflate the
correlation between sleep problems and depressive symptoms.
1. Fill in the answer that best describes how often you felt or behaved this way
DURING THE PAST TWO WEEKS

a) I was happy……………….
b) I did not feel like eating;
my appetite was poor…….
c) I felt that I could not stop
feeling sad, even with help
from my family and friends.
d) I felt that I was just as good
as other people……………
e) I had trouble keeping my
mind on what I was doing..
f) I felt depressed……….……
g) I felt that everything I did
was an extra effort………...
h) I felt hopeful about the
future……………………...
i) I thought my life had been a
failure……………………...
j) I felt fearful………………..
k) My sleep was restless……..
l) I was bothered by things
that usually don’t bother me.
m) I talked less than usual…...
n) I felt lonely……………….
o) People were unfriendly…..
p) I felt like doing nothing….
q) I had crying spells……….
r) I felt sad………………….
s) I felt that people disliked
me………………………..
t) I enjoyed life……………..

None of
the time
(Less than
1 day)

Rarely
(1-2
days)

Some of
the time
(3-5 days)

… …

… …

… …

… …

… …

… …

… …

… …

… …

… …

… …

… …

… …

… …

… …

… …

… …

… …

… …

… …

… …
… …

… …
… …

… …
… …

… …
… …

… …
… …

… …

… …

… …

… …

… …

… …

… …

… …

… …

… …

… …
… …
… …

… …
… …
… …

… …
… …
… …

… …
… …
… …

… …
… …
… …

…
…
…
…
…
…
…

…
…
…
…
…
…
…

…
…
…
…
…
…
…

…
…
…
…
…
…
…

…
…
…
…
…
…
…

…
…
…
…
…
…
…

… …
… …

…
…
…
…
…
…
…

… …
… …

…
…
…
…
…
…
…

… …
… …

Most of
the time
Occasionally (10-14
(6-9 days)
days)

…
…
…
…
…
…
…

… …
… …

…
…
…
…
…
…
…

… …
… …
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Appendix G: Consent form
Project Title: Stressed @ Brock?
Principal Investigator: Teena Willoughby (Professor)
Department of Psychology, Brock University
Email: twilloug@brocku.ca; Phone: 905-688-5550, ext 5474
INVITATION.
You are invited to participate in a study that involves research. The purpose of this study
is to explore stress, coping, and academic achievement in undergraduate students. We are
interested in looking at factors that both contribute to and reduce stress, as well as
promote academic success during the transition to university. We are particularly
interested in what happens over time, as students go through university.
WHAT’S INVOLVED
As a participant, you will be fill out a survey assessing aspects of your university
experience that create and reduce stress, as well as questions that assess mental health,
such as academic pressures, depression, anxiety, suicide ideation, self-harming behaviors,
spirituality, personality, and coping. Participation will take approximately 60 minutes of
your time. In addition to completing the questionnaire, your participation also involves
giving your consent to allow the researchers to compare your responses with your
academic records at Brock (university and high school course selection and grades,
course withdrawals, and a yes or no to whether there have been any suspensions).
Records will be accessed annually throughout undergraduate studies, at the end of each
winter term each year you are registered at Brock.
POTENTIAL BENEFITS AND RISKS
Benefits of participation include either (a) the payment of $10 or (b) proof of one hour
research participation for credit in any one course that offers such credit, as well as the
experience of taking part in psychological research. You will also get the opportunity to
reflect on your life and your experiences in a confidential manner. The only anticipated
risks associated with participation in this study is that some of the questions focus on
negative aspects of yourself or negative events in your life, which may result in some
discomfort. There is some loss of privacy that your grades and course selections will be
accessed by the researchers, but please be assured that these data are used for research
purposes only and will be kept entirely confidential.
Please indicate your choice between (a) payment and (b) proof of one hour research
participation for course credit by checking ONE of the two spaces below:
____ I wish to receive $10 for participation OR
____ I wish to use this form for one hour course research participation credit
CONFIDENTIALITY
All information you provide is considered confidential. Because our interest is in the
average responses of the entire group of participants, neither you nor your responses will
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be identified individually in any way in written reports of this research. Group data only
may be published, presented at conferences, used to evaluate programs, or used for
secondary data analyses by other researchers. Data collected during this study will be
stored in a secure location in Teena Willoughby’s office in Plaza 519. Your name will not
be kept in the same data file with your questionnaire responses; instead, your name will
be kept in a separate file that will be available only to Dr. Teena Willoughby. The student
investigators involved in data collection/analyses will only access the unidentifiable data;
they will not be able to identify your responses. Note that your responses will NOT be
made available to Brock University itself, so there will be no university record of your
responses.
VOLUNTARY PARTICIPATION
Participation in this study is voluntary. If you wish, you may decline to answer any
questions or participate in any component of the study. Further, you may decide to
withdraw from this study at any time without any penalty or loss of benefits to which you
are entitled. If at some future date, you decide to withdraw your permission for the
researchers to obtain access to your academic records, you may do so by contacting the
researchers, without losing your payment or proof of participation. Because we are
interested in what happens to students as they go through university, you will be
contacted via email (using the email address you provided on this consent form or when
you signed up for the study) in the future with opportunities to participate in follow-up
studies, but your participation in those studies is completely voluntary.
PUBLICATION OF RESULTS
Results of this study may be published in professional journals and presented at
conferences. We will also email you with a summary of the results from this study by
August 2009.
CONTACT INFORMATION AND ETHICS CLEARANCE
If you have any questions about this study or require further information, please contact
Dr. Teena Willoughby, Faculty Supervisor, using the contact information provided
above. This study has been reviewed and received ethics clearance through the Research
Ethics Board at Brock University (file 09-118). If you have any comments or concerns
about your rights as a research participant, please contact the Research Ethics Office at
(905) 688-5550 Ext. 3035, reb@brocku.ca. Thank you for your assistance in this project.
Please keep a copy of this form for your records.
Name (printed): ______________________________________
Email address: _______________________________________
Student number: ______________________________________
Signature: ___________________________________________
Date: _______________________________________________
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Appendix H: Ethics form

