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Evening chronotype is strongly associated with greater alcohol use, though mechanisms
underlying this association are not well understood. Difficulties with emotion regulation may be
involved. Evening chronotypes report less emotional stability and are at increased risk for
psychopathology associated with poor emotional control. The current study evaluated
chronotype differences in emotion regulation using a standardized laboratory task and evaluated
emotion regulation as a potential mechanism linking evening chronotype and alcohol use.

Eighty-one undergraduates from the University of Pittsburgh were studied. Chronotype
was assessed using the Composite Scale of Morningness. Alcohol use was reported daily using
an online diary and the Alcohol Use Disorder Identification Test (AUDIT). Participants
completed an emotion regulation task, within two hours of their habitual wake-time, wherein
they attempted to down-regulate negative and up-regulate positive emotions while viewing
emotionally-charged images. Self-reported affect, heart rate variability (HF-HRV), and pre-
ejection period (PEP) were measured throughout the task.

Thirty-one evening chronotypes were compared to 50 intermediate chronotypes. Evening
chronotypes reported significantly greater symptoms of alcohol use disorder (F = 4.399, p =
0.039). There were no chronotype differences in self-reported affect, HF-HRV, or PEP during

the emotion regulation task. Longer sleep duration on non-free days was associated with



increased HF-HRV during negative emotion regulation among intermediate chronotypes. Earlier
testing sessions were associated with increased HF-HRV during negative emotion regulation
among evening chronotypes. Moderated mediation revealed that emotion regulation did not
mediate the association between evening chronotype and alcohol use, irrespective of sleep
duration on non-free days or time of testing session.

This study adds to the body of literature by demonstrating that undergraduate evening
chronotypes endorse greater symptoms of alcohol use disorder but not greater daily alcohol
consumption. Results did not support the role of emotion regulation as a mechanism. Longer
sleep duration appears to be protective for intermediate chronotypes in terms of parasympathetic
control during the regulation of negative emotions. Time of day effects may indicate that evening
chronotypes with earlier wake patterns exhibit better parasympathetic control when regulating
negative emotions. Future studies are needed to examine the role of habitual sleep duration and

timing in emotion regulation tasks.
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Introduction

The “evening chronotype” is associated with a number of poor health behaviors, not least
of which is alcohol consumption. Evening chronotype, or preference for evening hours, has been
associated with greater alcohol consumption, binge drinking and symptoms of alcohol
dependence (Taylor, under review). Mechanisms explaining the link between evening
chronotype and alcohol consumption are not well understood.

Emotion regulation is one potential mechanism linking chronotype and alcohol use.
Emotion regulation is highly sensitive to chronic sleep restriction (Gruber & Cassoff, 2014),
which is prevalent among evening chronotypes (Kabrita, Hajjar-Muca, & Duffy, 2014;
Merikanto, Kronholm, Peltonen, Laatikainen, Lahti, & Partonen, 2012). Extant literature
suggests that evening chronotypes report less emotional stability (Ottoni, Antoniolli, & Lara,
2012), endorse fewer positive mood states (Biss & Hasher, 2012), and are at higher risk for
mood disorders (Antypa, Vogelzangs, Meesters, Schoevers, & Penninx, 2016) relative to
morning and intermediate chronotypes, suggesting that evening chronotypes may also
demonstrate difficulties with emotion regulation. Emotion regulation has also been shown to be
mechanistically related to alcohol use in other populations at high-risk for alcohol use problems
(Radomski & Read, 2016; Weiss et al., 2012). Therefore, if emotion regulation is compromised
in evening chronotypes, emotion regulation may constitute a mechanism through which evening
chronotypes engage in greater alcohol consumption. The current study examined chronotype
differences in emotion regulation using a standardized laboratory task and evaluated emotion

regulation as a potential mediator of the chronotype-alcohol use association.



Explaining the association between chronotype and alcohol use is particularly relevant
for older adolescents and emerging adults, in their late teens and early twenties, who exhibit the
highest prevalence of dangerous alcohol consumption (US Department of Health and Human
Services, 2013) and, developmentally speaking, are likely to identify as evening chronotypes
(Roenneberg et al., 2004). Starting in the pre-teen years and continuing into early adulthood,
individuals tend to exhibit an increasingly evening chronotype (Carskadon, Acebo, & Jenni,
2004). While this developmental shift has largely been demonstrated through self-report
measures, other research indicates that the shift toward the evening chronotype is biological
(Carskadon et al., 1997; Crowley et al., 2014; Crowley, Acebo, & Carskadon, 2012) rather than
simply the product of social and/or behavioral development. Therefore, identifying modifiable
downstream consequences of the developmental shift toward the evening chronotype may be
necessary for disrupting the pernicious chronotype-alcohol use association.

Emotion regulation constitutes a modifiable skill that can be targeted and enhanced
through clinical treatment, such as cognitive behavioral therapy (CBT; Berking et al., 2008). If
emotion regulation mediates the association between chronotype and alcohol use, clinical
interventions to strengthen emotion regulation skills could be used to attenuate alcohol use in
evening chronotypes. In addition, if the hypotheses of the current study are confirmed, emotion
regulation may be identified as a mechanistic pathway to other health-risk behaviors exhibited by
evening chronotypes such as illicit drug use (Prat & Adan, 2011; Fernandez-Mendoza et al.,
2010) or unhealthy diet (Patterson, Malone, Lozano, Grandner, & Hanlon, 2016; Kanerva et al.,
2012). The current study extends the literature by 1) being the first experimental study to
examine emotion regulation in relation to chronotype; 2) being one of the first studies to test a

potential mechanism in the chronotype-alcohol use association; and 3) being one of the first



studies to experimentally test both positive and negative emotion regulation in relation to alcohol
use. In addition, this study contributes to the scant literature on modifiers of the association
between chronotype and alcohol use by testing sex, sleep duration, positive affect, and
personality traits as moderators.

Support for the role of emotion regulation in the chronotype-alcohol use association will
be provided by first reviewing the literature on alcohol use in evening chronotypes and the
association between emotion regulation and alcohol consumption. We then examine the evidence
implicating emotion regulation difficulties among evening chronotypes and support for
exploratory investigation into several moderating factors: sex, sleep duration on non-free days,
positive affect, conscientiousness, extroversion, and neuroticism. We then outline our
methodological approach, analytic plan, results, and a discussion of our findings within the
context of the broader literature.

Specific Aims

As depicted in the conceptual model shown in Figure 1, the primary purpose of the
current study was to test emotion regulation as a potential mechanism linking chronotype and
alcohol use. The following specific aims were in service of fulfilling this primary purpose:
Primary Aims:

Aim 1. Replicate previous findings demonstrating an association between chronotype and
alcohol use. Based on the extant literature, we hypothesized that evening chronotypes would
report greater alcohol use relative to morning chronotypes.

Aim 2. Test the hypothesis that evening chronotypes have poorer emotional regulation relative to

morning chronotypes.



Aim 3. Test the hypothesis that emotion regulation statistically accounts for the association
between chronotype and alcohol use.
Exploratory Aims:
Aim 4. Evaluate sex as an effect modifier of associations in the conceptual model
Aim 5. Evaluate sleep duration as an effect modifier of associations in the conceptual model
Aim 6. Evaluate positive affect as an effect modifier of associations in the conceptual model
Aim 7. Evaluate the personality traits conscientiousness, extroversion, and neuroticism as effect
modifiers of associations in the conceptual model
Background & Significance

Evening Chronotype & Alcohol Consumption

As we have previously reviewed (Taylor et al., under review at Sleep Medicine Reviews),
evening chronotype is associated with greater alcohol consumption (Kanerva et al., 2012; Adan,
1994; Prat & Adan, 2011; Watson, Buchwald, & Harden, 2013; Del Rio-Bermudez, Diaz-Piedra,
Catena, Buela-Casal, & Di Stasi, 2014; Fernandez-Mendoza et al., 2010; Ishihara et al., 1985;
Nakade, Takeuchi, Kurotani, & Harada, 2009; Robinson et al., 2013; Collado-Rodriguez,
MacPherson, Kurdziel, Rosenberg, & Lejuez, 2014; Tavernier, Munroe, & Willoughby, 2015;
Whittier et al., 2014; Gau et al., 2007; Negriff, Dorn, Pabst, & Susman, 2011; Urban, Magyarodi,
& Rigo, 2011), binge drinking (Watson et al., 2013), and a greater level of alcohol dependence
(Hasler, Sitnick, Shaw, & Forbes, 2013). The literature on chronotype and alcohol use is highly
consistent with evening chronotypes endorsing significantly more alcohol consumption relative
to morning chronotypes. Out of 28 studies that explicitly examined associations between
chronotype and alcohol use, 25 found that eveningness was associated with greater alcohol

consumption.



Greater alcohol use among evening chronotypes is concerning given that a majority of
adolescents experience a shift toward eveningness, beginning around age 12 (Randler, 2011).
Prevalence of the evening chronotype begins to plateau during the late teenage years, followed
by a decline in early adulthood; however, many individuals continue to be evening chronotypes
throughout their early twenties (Roenneberg et al., 2004). Understanding the association between
chronotype and alcohol consumption among those in their late teens and early twenties is
particularly important given that this age group lies at the cusp of autonomy, often having access
to alcohol but lacking the experience needed to make responsible decisions. Problematic
drinking is highest among individuals in their early twenties (US Department of Health and
Human Services, 2013) and, within this age group, almost half of all deaths due to unintentional
injury or motor-vehicle crashes are alcohol-related (Hingson, Zha, & Weitzman, 2009). Thus,
understanding predictors of alcohol use in this demographic is of vital importance from a public
health perspective.

Emotion Regulation & Alcohol Consumption

Emotion regulation is a multifaceted construct, composed of both spontaneous and
volitional processes. These processes are involved in the generation, appraisal and modification
of emotional states. Emotion regulation is often defined in terms of the ability to down-regulate
unpleasant mood states (Gross, 2002) or to up-regulate or maintain positive mood states
(Hechtman, Raila, Chiao, & Gruber, 2013). Difficulties regulating emotions internally may cause
individuals to seek out an external means of regulating emotions, such as alcohol (Aurora &
Klanecky, 2016).

Alcohol is used as an external means of both reducing negative emotions and enhancing

positive emotions (Beseler, Aharonovich, & Hasin, 2011; Grayson & Nolen-Hoeksema, 2005;



Grekin, Sher, & Krull, 2007; Cooper, Frone, Russell, & Mudar, 1995). Thus, there are two
primary pathways through which difficulties with emotion regulation may lead to greater alcohol
consumption: a coping pathway and an enhancement pathway. The coping pathway indicates
that alcohol can be used as a form of self-medication for regulating unpleasant mood states when
individuals lack the necessary skills to self-regulate (Berking, 2011). For instance, negative
mood states precipitate substance use, addiction, and relapse (for review: Khantzian, 1997);
while, emotion regulation training has been shown to reduce substance use (Azizi, Borjali, &
Golzari, 2010). The enhancement pathway indicates that deficits in emotion-regulation skills
may cause individuals to use alcohol as a means of increasing the pleasurable value of stimuli or
activities (Gilpin & Koob, 2008). Lower sensitivity to reward, as indicated by lower responsivity
of the behavioral activation system (BAS) during reward receipt, has prospectively predicted
greater frequency of alcohol use two years later (Derefinko et al., 2016). As such, internal
abilities to down-regulate negative affective states and up-regulate positive affective states are of
great interest within the alcohol use and misuse literature.

Associations between emotion regulation difficulties and greater alcohol use have been
replicated numerous times (Radomski & Read, 2016; Aurora & Klanecky, 2016; Klanecky,
Woolman, & Becker, 2015; Dvorak et al., 2014). Alcohol may directly influence emotion by
enhancing or blunting physiological arousal (Curtin, Lang, Patrick, & Stritzke, 1998). Alcohol
may also modulate emotion indirectly by altering attention toward or away from emotion-
eliciting stimuli or by altering an individual’s appraisal of those stimuli (Curtin et al., 1998).
Strengthening emotion regulation skills through psychoeducation programs has also been shown

to reduce heavy drinking (Stasiewicz et al., 2013). Therefore, if the ability to regulate positive



and/or negative emotions is compromised in evening chronotypes, it is plausible that emotion
regulation may constitute a critical mechanism linking chronotype and alcohol consumption.
Emotion Regulation & Chronotype

Emotion regulation abilities have not been systematically examined across chronotype
groups in any peer-reviewed publication. To our knowledge, only one conference presentation
has reported measuring emotion regulation in relation to chronotype. Voinescu and Szentagotai
(2014) evaluated responses on the Difficulties with Emotion Regulation Scale (DERS; Gratz &
Roemer, 2013) in relation to chronotype in a sample of adults (ages 19-63, mean age = 26.5 + 7.7
years). The investigators found that evening chronotypes had significantly higher scores on the
DERS relative to other chronotype groups (Voinescu & Szentagotai, 2014). Measured
continuously, chronotype was also negatively correlated with the DERS, indicating that greater
morningness was associated with fewer difficulties with emotion regulation.

Related literature suggests that evening chronotypes are more emotionally labile than
morning or intermediate chronotypes (Jeong Jeong, Moon, Min Park, Dae Lee, Choi, & Chung,
2015). Evening chronotypes score significantly lower than morning chronotypes on trait
measures of emotional stability, emotional control, and self-regulation (Cavallera, Gatto, &
Boari, 2014, Ottoni et al., 2012; Owens, Dearth-Wesley, Lewin, Gioia, & Whitaker, 2016) and
higher than morning chronotypes on measures of emotional problems (Gau et al., 2007),
emotional distress (Giannotti et al., 2002), and depression symptomatology (Pabst, Negriff,
Dorn, Susman, & Huang, 2009; Tzischinsky & Shochat, 2011). Evening chronotypes have also
been shown to score higher in maladaptive traits pertaining to emotion regulation, such as
emotional reactivity, tense arousal, and aggression (Diaz-Morales, Escribano, Jankowski,

Vollmer, & Randler, 2014; Schlarb, Sopp, Ambiel, & Grunwald, 2014). Moreover, research



suggests that evening chronotypes may be less adept at up-regulating or maintaining positive
mood states, as evidenced by lower amplitude in daily rhythms of positive affect (Hasler et al.,
2012; Miller et al., 2015).

Evening chronotypes may also demonstrate implicit cognitive biases toward negative
emotional stimuli. For instance, one study found that evening chronotypes, but not morning
chronotypes, had quicker recognition of and better memory for stimuli with negative versus
positive valence (Berdynaj et al., 2016). According to the process model of emotion regulation
(Gross, 1998), selectively attending to negative versus positive stimuli is one of the first
determinants of experiencing a negative emotion and how well one is able to self-regulate. Thus,
based on the extant literature, it is highly plausible that greater eveningness would be associated
with poorer emotion regulation.

Design Considerations
Emotion regulation evaluation paradigms

Emotion regulation has been evaluated using several different approaches.
Predominantly, laboratory studies have used visual stimuli, stressful tasks, or emotional memory
recall to elicit either positive or negative emotions (Webb, Miles, & Sheeran, 2012). Following
emotion induction, participants are typically instructed to regulate their emotions using a
prescribed cognitive strategy or passively experience their emotions. Emotional responses are
often measured via self-report, observed behavior or physiological measures. The difference in
emotional response between regulation and passive experience trials is often used to quantify
emotion regulation (Hopp, Troy, & Mauss, 2011; Cai, Lou, Long, & Yuan, 2016). Here, we
briefly review emotion regulation strategies and the measurement of emotion in laboratory

settings.



Emotion regulation strategies. Three broad categories of emotion regulation strategies
have been examined in laboratory studies of emotion regulation: 1) attentional deployment, 2)
cognitive change, and 3) response modulation (Webb et al., 2012). Attentional deployment
requires individuals to distract from an emotion-eliciting stimulus by focusing on alternative
thoughts. For instance, participants are often asked to perform mental arithmetic while viewing
emotionally charged images (Pena-Sarrionandia, Mikolajczak, & Gross, 2015). Cognitive change
involves reinterpreting an emotion-eliciting stimulus. For instance, reframing a negative stimulus
in a positive manner, such as envisioning a happy ending for a sad scene (Lerner & Keltner,
2001). Alternatively, a participant could be asked to reinterpret a positive stimulus by thinking
about it in terms of personal relevance to increase positive emotional experience (Giuliani,
McRae & Gross, 2008). Lastly, response modulation typically involves suppressing an emotional
response to a stimulus after it has already been generated. For example, a participant might be
asked to smile despite feeling negative, frown despite feeling positive, or reduce his or her heart
rate upon feeling aroused (Miyamoto & Ma, 2011). According to the process model of emotion
regulation, strategies that are employed earlier on in the time-course of generating an emotion
(i.e., attentional deployment or cognitive change) are more successful than attempts to modulate
an emotion that has already been generated (i.e., response modulation; Sheppes & Meiran, 2007).
Though considered effective and requiring minimal effort, attentional deployment may be
maladaptive for dealing with real-world emotional events (Wilson & Gilbert, 2008).
Alternatively, cognitive change strategies that involve reappraising emotional information are
considered beneficial for long-term emotional health and well-being (Sheppes & Levin, 2013).

More broadly, strengthening cognitive reappraisal skills has been considered one of the

most effective components of treatment for a number of psychopathologies (Troy, Wilhelm,



Shallcross, & Mauss, 2010) including alcohol use disorders (Miklowitz et al., 2007). Studies
have shown that coping with stressful life events through positive reframing has been associated
with fewer substance problems among young adults (Wong et al., 2013). Given the greater
effectiveness of early emotion regulation strategies per the process model of emotion regulation
and the relevance of cognitive reappraisal for alcohol use problems, we instructed participants to
employ the cognitive reappraisal strategy of positive-reframing during an emotion regulation
task designed to evaluate both positive and negative emotion regulation ability. Specifically,
participants were asked to reframe negative images by thinking about them in a positive manner
and to enhance positive images by reframing them in a personally relevant manner.

Affective and physiological definitions of the emotional response. Within emotion
regulation paradigms, emotional responses may be measured as affective or physiological.
Ideally, both should be measured in emotion regulation studies (Gross, 2002). Affective states
are commonly measured via self-report or behavioral observation. Affective states provide
insight into the subjective experience of how emotion is being processed. Physiological measures
are highly valuable within the study of emotion regulation for two primary reasons. First, self-
reported or behaviorally assessed affective states may be more sensitive to demand
characteristics during emotion regulation paradigms (Ray et al., 2010). Second, measures of
affect and physiology are not always congruent. In fact, some research has shown that less
emotionally expressive individuals may be more physiologically reactive to emotion-eliciting
stimuli (Quartana & Burns, 2010; Maquet et al., 1995), suggesting that the ability to regulate
emotional responses in an experiential or behavioral manner may have consequences for the

physiological manifestation of an emotional response (Gross, 2002). Therefore, multiple indices
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of emotional responsivity are critical for informing our understanding of emotion regulation in
relation to chronotype and alcohol use.

Various physiological indices have been used to measure emotion regulation. Some of
the more common methods include electrodermal activity (i.e., skin conductance),
electromyography (i.e., startle eyeblink), and cardiovascular or autonomic activity (e.g., heart
rate, blood pressure, HRV, and PEP). The current study examined two indices of autonomic
functioning, heart rate variability (HRV) and pre-ejection period (PEP) to indicate
parasympathetic and sympathetic nervous system activation, respectively.

Autonomic functioning, as measured by HRV and PEP, were chosen for several reasons.
Emotions are intrinsically related to physiological arousal, which is largely regulated by the
autonomic nervous system (ANS). The sympathetic branch of the ANS is triggered by
threatening or arousing stimuli and mobilizes metabolic resources to prepare the body to
respond. The vagus nerve of the ANS supplies parasympathetic input to peripheral organs,
including the heart, lowering arousal and preparing the body to conserve metabolic resources.
Thus, sympathetic activation has been most commonly associated with initiation of negative
emotions while vagal parasympathetic inhibition of autonomic arousal has been considered an
important process for the down-regulation of negative emotional states (Beauchaine, Katkin,
Strassberg, & Snarr, 2001; Thayer, Ahs, Fredrikson, Sollers, 111, & Wager, 2012; Lane et al.,
2009). However, positive emotion inductions have produced increased parasympathetic activity
(McCraty, Atkinson, Tiller, Rein, & Watkins, 1995), while receipt of reward has been associated
with reduced sympathetic activation (Beauchaine, Gatzke-Kopp, & Mead, 2007; Beauchaine et
al., 2001). Pharmalogical blockade studies have validated HRV and PEP as indicators of PNS

and SNS functioning, respectively (Hayano, 1991; Sherwood, 1986).
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Poor emotion regulation is thought to reflect reduced adaptability to life’s demands
(Gross & Thompson, 2007). Some have theorized that HRV is a psychophysiological measure of
adaptability to environmental stimuli (Porges, 1995), while activation of the SNS, as indicated by
PEP, is triggered by environmental threats in order to mobilize resources for fight or flight
responses (McLaughlin, Sheridan, Alves, & Mendes, 2014). Research suggests that HRV is
correlated with self-reported emotion regulation skills (Talkowski et al., 2006; Smith et al., 2011,
Williams et al., 2015; De Witte, Sutterlin, Braet, & Mueller, 2016; Christou-Champi, Farrow, &
Webb, 2015; Volokhov & Demaree, 2010). For instance, greater resting time-domain measures
of HRV has been associated with lower scores on the Difficulties in Emotion Regulation Scale
(DERS; r=-0.325, p<.001; Williams et al., 2015). Greater power in the high frequency band of
HRV (HF-HRV) has also been positively associated with endorsing adaptive interpersonal
emotion regulation strategies, such as seeking social support to regulate emotions (De Witte et
al., 2016). The literature examining the relationship between PEP and emotion regulation is
substantially smaller and mainly limited to young children. However, among children, longer
PEP has also been associated with lower emotional reactivity (Clark, Skowron, Giuliano, &
Fisher, 2016), and greater SNS recovery from an anger mood induction (as measured by PEP
lengthening) has been associated with better parent-reported emotion regulation among children
(Kahle, Miller, Lopez, & Hastings, 2015).

From a methodological standpoint, during emotion regulation tasks, HRV and PEP have
been shown to be sensitive to emotion-eliciting stimuli (Berna, Ott, & Nandrino, 2014; LeBlanc,
Unger, & McNally, 2016; Gendolla & Silvestrini, 2011; Clark et al., 2016) and HRV has been
effectively modulated through the use of emotion regulation strategies (Di et al., 2012; Christou-

Champi et al., 2015; Francis, Penglis, & McDonald, 2016). Finally, HRV and PEP are non-

12



invasive, continuous measures of ANS activation that can be measured across short-term
intervals (i.e., 1-5 minutes), making them ideal psychophysiological measures to examine across
conditions within an emotion regulation paradigm.
Effect Modifiers

Sex. Evening chronotype and alcohol consumption tend to be more prevalent among
males. Males consistently report increased preference for evening hours (Randler, 2011a; Adan
& Natale, 2002; Tonetti et al., 2008; Cooper et al., 2014; Mukai et al., 2001; Fernandez-Mendoza
et al., 2009) and later bedtimes (Burgard & Ailshire, 2013; Asarnow, McGlinchey, & Harvey,
2014; Jankowski, 2015). Similarly, alcohol use and alcohol use disorders tend to be more
common among males (Nolen-Hoeksema & Hilt, 2006). Studies examining sex differences in
emotion regulation yield inconsistent results (Whittle, Yucel, Yap, & Allen, 2011; Rauer, Kelly,
Buckhalt, & El-Sheikh, 2010; McRae, Ochsner, Mauss, Gabrieli, & Gross, 2008; Gardener, Carr,
Macgregor, & Felmingham, 2013); however, sex has been shown to moderate associations
between emotion regulation and alcohol use. As reviewed by Nolen-Hoeksema (2012), males are
more likely to use alcohol as a means of coping with unpleasant emotions (Nolen-Hoeksema,
2012). Therefore, the conceptual model in Figure 1 may be stronger among males. Thus, we
examined sex as a moderator of associations between chronotype, alcohol use, and emotion
regulation. Exploring sex as a moderator will provide insights into whether the conceptual model
proposed earlier (Figure 1) can be applied to males and females, equally.

Sleep duration. Due to the late sleep schedules of evening chronotypes and the early
waking schedules required by a majority of social institutions (e.g., school, 9am to 5pm jobs),
evening chronotypes tend to be chronically sleep restricted, as evidenced by significantly shorter

habitual sleep duration (Kabrita, Hajjar-Muca, & Duffy, 2014; Merikanto et al., 2012; Harvey,
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Murray, Chandler, & Soehner, 2011; Korczak, Martynhak, Pedrazzoli, Brito, & Louzada, 2008;
Gaina et al., 2006), greater daytime sleepiness (Martin, Gaudreault, Perron, & Laberge, 2016;
Gaina et al., 2006; Volk, Dyroff, Georgi, & Pflug, 1994) and greater self-reported sleep
complaints (Vitale et al., 2015; Rique, Fernandes Filho, Ferreira, & de Sousa-Munoz, 2014;
Kabrita et al., 2014; Merikanto et al., 2012). In particular, sleep on “non-free days”, days when
sleep is curtailed in order to meet a social obligation, may be particularly short among evening
chronotypes who have difficulty falling asleep until later, regardless of obligations the following
day (Roenneberg et al., 2007).

Short sleep duration has been associated with increased alcohol consumption and alcohol
use disorder symptoms (Chaput, McNeil, Despres, Bouchard, & Tremblay, 2012). Restricted
sleep duration may be associated with greater alcohol use by depleting cognitive executive
resources, or higher-order neural processes involved in cognitive control and goal-directed
behavior (Verweij et al., 2014; Hahn et al., 2012). For instance, sleep loss has been shown to
reduce functional connectivity in prefrontal cortical brain regions necessary for impulse control
and decision making (Verweij et al., 2014). Emotion regulation is, in part, a cognitive process
that demands executive resources. Emotion regulation is also sensitive to laboratory sleep
restriction (Baum et al., 2014; Vriend et al., 2013) and tends to be lower among those who report
inadequate sleep (Tavernier et al., 2015). In one study, adolescents who were restricted to 6.5
hours in bed per night for five nights reported significantly reduced emotion regulation ability
relative to controls who were allowed 10 hours in bed per night (Baum et al., 2014). Therefore,
we examined sleep duration as a moderator of associations among chronotype, alcohol use, and

emotion regulation.
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Daily positive affect. Positive affect has been found to be significantly higher among
morning chronotypes, while no chronotype differences in negative affect have been reported
(Hasler et al., 2012; Biss & Hasher, 2012; Dagys et al., 2012; Miller et al., 2015). As previously
discussed, alcohol is often used as an external means modulating affect (Howells & Orcutt, 2014;
Blevins, Abrantes & Stephens, 2016). Daily baseline positive affect may also be predictive of
alcohol consumption. For instance, lower trait positive affect has predicted greater alcohol use
(Lopez-Vergara, Spillane, Merrill, & Jackson, 2016). Greater positive affect has “buffered” the
association between greater stress and alcohol consumption (McHugh, Kaufman, Frost,
Fitzmaurice, & Weiss, 2013). Interestingly, greater positive affect has been associated with
greater alcohol consumption and greater self-reported alcohol cravings as well (Patrick,
Yeomans-Maldonado & Griffin, 2016; Bold et al., 2016; Peacock et al., 2015; Simons et al.,
2005). Therefore, individual differences in daily positive affect may be protective or constitute a
risk-factor for greater alcohol use. We explored positive affect as a moderator of associations
among chronotype, alcohol use, and emotion regulation.

Personality. Certain personality traits may be important to examine with respect to our
conceptual model (Figure 1). For instance, evening chronotypes endorse greater sensation-
seeking and impulsivity (Tonetti et al., 2010; Nakazaki et al., 2012; Prather, Bogdan, & Hariri,
2013) which have been independently associated with increased alcohol consumption (Lejuez et
al., 2010). Big-5 personality traits such as extroversion have been thought to supersede
psychobiological traits such as sensation-seeking and impulsivity (Chapman, Weiss, Barrett, &
Duberstein, 2013). In addition, the big-5 personality trait, conscientiousness, is highly associated
with morningness (Duggan et al., 2014) and with a lower likelihood of developing alcohol use

problems (Hakulinen et al., 2015), while neuroticism is associated with poor emotion regulation
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(Cremets et al., 2010). Therefore, the strength of our conceptual model may have depended on
the extent to which extroversion, conscientiousness, and neuroticism were represented by our
sample. Thus, we evaluated extroversion, conscientiousness, and extroversion as moderators of
associations among chronotype, alcohol use, and emotion regulation.
Potential Covariates

Two factors that might confound the interrelationships among our variables of interest are
age and psychopathology. Age is a strong correlate of chronotype and alcohol consumption. As
we have previously mentioned, chronotype fluctuates across the lifespan (Randler, 2011). A shift
toward eveningness begins in the early pre-teen years, plateaus in late adolescence, and remits
during the early twenties (Roenneberg et al., 2004). On average, individuals continue to shift
toward morningness as they age (Carrier, Monk, Buysse, & Kupfer, 1997). Likewise, dangerous
alcohol consumption is most common in late adolescence-early adulthood (US Department of
Health and Human Services, 2013). In addition, emotion regulation varies by age with older
adults demonstrating greater emotional control relative to younger adults (Gross & Levenson,
1997; Carstensen & Lockenhoff, 2003). To account for age differences, a restricted age-range
(i.e., 18-25) was used for this study and age was adjusted for in final statistical models.

Psychopathologies have also been associated with each variable of interest in our model.
For instance, mood disorders, such as depression, bipolar disorder, and seasonal-affective
disorder, tend to be disproportionately prevalent among evening chronotypes (Antypa et al.,
2016; Giglio et al., 2010; Hakkarainen et al., 2003). One examination of mental health and
chronotype found that evening chronotypes scored significantly higher on multiple dimension
subscales of psychopathology, including but not limited to depression, anxiety, and hostility

(Hsu, Gau, Shang, Chiu, & Lee, 2012). Not surprisingly, mood and anxiety disorders are also
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major risk factors for substance abuse (Keller, Hanks, & Klein, 1996; Clark et al., 1997) and
problems regulating emotions (Cisler & Olatunji, 2012). Common psychopathologies such as
mood and anxiety disorders are, therefore, important potential confounds of interrelationships
among chronotype, emotion regulation and alcohol use. To account for this possibility, the
current study excluded participants on the basis of bipolar I disorder, family history of bipolar
disorder, PTSD and severe depression (please see methods for more details). Among participants
who did not meet criteria for severe depression, depressive symptoms were controlled for in final
statistical models.

Hypotheses

The current study examined chronotype differences in emotion regulation and evaluated
the role of emotion regulation in the association between chronotype and alcohol use among
males and females between the ages of 18 and 25. Specifically, we saught to replicate findings
from the literature regarding the association between chronotype and alcohol use and the
association between emotion regulation and alcohol use. In addition, the current study examined
affective and autonomic responses to positive and negative stimuli during un-regulated and
regulated conditions. Finally, moderation by sex, sleep duration on non-free days, daily positive
affect, and three personality traits were explored.

We hypothesized: 1) evening chronotypes would endorse greater alcohol consumption; 2)
evening chronotypes would demonstrate poorer emotion regulation; and 3) emotion regulation
would mediate the association between chronotype and alcohol use. Finally, sex, sleep duration
on non-free days, daily positive affect, and personality traits were evaluated as effect modifiers

in three ways: a) moderators of the association between chronotype and alcohol use, b)
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moderators of the association between chronotype and emotion regulation, and ¢) as moderators
of the full mediation model.

To test the hypotheses listed above, the current study utilized both field study and
laboratory study components. Participants used an online survey system to report their bed and
wake times daily for one week and completed a series of questionnaires, including questionnaires
to measure chronotype and alcohol use. Following one week, participants came into the
laboratory, where we evaluated their performance on an emotion regulation task.

Methods
Participants

Ninety-four undergraduate males and females between the ages of 18 and 25 were
recruited for participation. The age-range was chosen because problematic alcohol consumption
peaks between the ages of 18-25 (US Department of Health and Human Services, 2013).
Similarly, evening chronotype peaks during late adolescence (Roenneberg et al., 2004) and is
often highly prevalent among college undergraduates (Lau, Wong, Ng, Hui, Cheung, & Mok,
2013). Males and females were recruited for participation to test whether associations with
eveningness were moderated by sex. Participants were recruited through two mechanisms: 1) the
University of Pittsburgh, Psychology Department research participant pool which allows
students to participate in research studies in exchange for class credit and 2) flyers advertising a
research study in need of participants who were “Night Owls” or “Early Birds” were distributed
around the University of Pittsburgh. Fifty-five participants were recruited through the research
participant pool and 39 participants were recruited as a result of seeing the flyer. The majority of

males in this study (n = 32, 93.9%) were recruited using the participant pool rather than as a
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result of seeing the flyer (Chi? = 26.29, p <0.001). No other demographic varied as a function of
recruitment method.

Following informed consent, participants were screened for eligibility using the Qualtrics
Survey Service. Exclusion criteria included being at risk for bipolar disorder, PTSD, severe
depression, and alcohol dependence, as well as self-reported pregnancy, being under the age of
18 or over the age of 25, and self-reported use of a medication that affects autonomic physiology
(i.e., beta-blockers, tricyclics, clozapine or thioridazine). Two participants were excluded for
severe depression, seven participants were excluded for PTSD and one participant was excluded
for co-morbid severe depression, PTSD and bi-polar disorder. All participants excluded for
PTSD or PTSD and co-morbid psychopathologies were recruited from the participant pool (n =
8, 100%, Chi?=6.20, p = 0.013). No participants were excluded on the basis of alcohol
dependence, pregnancy, age or medications. Three participants were lost to follow-up. Of the 81
eligible participants who completed both field and laboratory phases of the study, three
participants had missing data in either autonomic or affective emotion regulation outcome
variables (outcome variables are described in detail below under the heading Emotion
Regulation). All available data was used for analyses. Total sample sizes for autonomic and
affective emotion regulation outcomes were 80 and 79, respectively.

Power Analyses

The needed sample size was estimated based on the model developed by Fritz &
MacKinnon (2007) for testing mediated effects. The model estimates minimum sample size
needed based on the effect sizes for a and B pathways (Figure 2). In the current study, o
represents chronotype differences in emotion regulation and P represents the association between

emotion regulation and alcohol use. Because no published papers have explicitly examined
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emotion regulation differences across chronotype groups, we used the effect size for chronotype
differences in global emotional functioning as a proxy for emotion regulation (Ottoni et al.,
2012). The effect size for the  pathway was derived from a study of emotion dysregulation and
problematic drinking among undergraduate women (Dragan, 2015). The estimated a and 8 effect
sizes were > 0.39, indicating moderate effect sizes for both a and f pathways. Per Fritz &
MacKinnon (2007), a sample size of 78 was required to find a mediation effect when using the
percentile bootstrapping method of identifying indirect effects (Fritz & MacKinnon, 2007).
Procedure

A schematic of the protocol is presented in Figure 3. After signing informed consent,
participants completed a series of questionnaires using the Qualtrics Survey Service. Several
questionnaires were administered to determine eligibility while others were used for data
analysis purposes. Participants meeting inclusion criteria were asked to complete an online diary
for seven days, also administered via Qualtrics. Following this seven-day period, participants
were asked to come into the laboratory to complete a standardized emotion regulation task. All
participants were scheduled for the laboratory component within two hours of their habitual
wake-up time, as determined by their 7-day online diary. The laboratory emotion regulation
protocol consisted of a 10-minute baseline task, a 22-minute emotion regulation task,
administration of several questionnaires and a debriefing. Emotion regulation was measured
using a validated emotion regulation paradigm (adapted from Phan and colleagues, 2005).
Emotion regulation was conceptualized in two ways: the ability to down-regulate negative
emotions and the ability to up-regulate positive emotions. Affect, HF-HRV, and PEP were

measured to quantify negative and positive emotion regulation. Affect and autonomic variables
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were measured at baseline and throughout the testing period. The laboratory protocol is
described in greater detail below.
Screening Questionnaires

The Mood Disorder Questionnaire (MDQ; Hirschfield et al., 2000). The MDQ is a
brief 5-question, 17-item self-report tool designed to screen for the presence of bipolar I disorder.
Question 1 lists 13 different symptoms and asks participants to indicate if they have experienced
a symptom during “a period of time when they were not their usual self”. Bipolar spectrum
disorder is indicated if a participant answers yes to experiencing > 7 of the 13 symptoms in
question 1, indicates that > 2 symptoms occurred at the same time, and indicates that at least one
of the symptoms they endorsed caused moderate or serious problems in their life via question 3.
In our study, participants were also excluded on the basis of potential bipolar disorder if they
responded yes to question 4: “Have any of your blood relatives (i.e., children, siblings, parents,
grandparents, aunts, uncles) had manic-depressive illness or bipolar disorder?”. Psychometric
evaluations of the MDQ have been conducted in both general and clinical populations and have
yielded strong specificity (0.67-0.97) and moderate sensitivity (0.28-0.73; Hirschfeld et al.,
2000; Hirschfeld, 2002; Miller, Malmstrom, Joshi, Morley, & Wolinsky, 2004; Hirschfeld et al.,
2005).

Primary Care PTSD Screen (PC-PTSD; Prins, 2003). The PC-PTSD is a brief 4-item
self-report instrument. The presence of PTSD is indicated if a participant has had an experience
that was “so frightening, horrible, or upsetting” that it led to > 3 out of 4 common trauma
symptoms. The measure has demonstrated very good test-retest reliability (0.83, p<0.001).
Sensitivity/specificity values were (0.94/0.92 and 0.70/0.84 for men and women, respectively;

Prins, 2003).
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The 16-1tem Quick Inventory of Depressive Symptomatology (QIDS; Rush et al.,
2003). The QIDS is a brief self-report questionnaire that measures severity across nine diagnostic
symptom domains: sleep disturbance, psychomotor disturbance, appetite/weight disturbance,
depressed mood, decreased interest, decreased energy, worthlessness/guilt,
concentration/decision making, and suicidal ideation. The measure demonstrates strong internal
consistency (Chronbach’s alpha = 0.86, Rush, 2003). The QIDS yields scores from 0-27. Scores
16 and above are considered indicative of severe or very severe depression.
Chronotype Measure

Composite Scale of Morningness (CSM; Smith et al., 1989). The CSM is a 13-item
questionnaire, designed to be a compilation of the best items from two existing measures,
designed to classify an individual across the chronotype spectrum: the Morningness-Eveningness
Questionnaire (MEQ); Horne & Ostberg, 1976) and the Diurnal Type Scale (Torsvall &
Akerstedt, 1980). The composite questionnaire produces scores that range from 10-56. Current
recommendations suggest categorizing chronotypes based on the following cut-off criteria: <26
evening type, 27-41 intermediate type, and > 42 morning type (Natale & Alzani, 2001). In the
current sample, 38.3% (n = 31) of participants could be characterized as evening chronotype,
56.8% (n = 46) as intermediate chronotype, and 4.9% (n = 4) as morning chronotype. To ensure
adequate group sizes for comparison analyses, we combined the morning and intermediate
chronotypes into one group, referred to from here on out as intermediate chronotypes. Those
with CSM scores <26 (n = 31) were categorized as evening chronotypes and those with CSM

scores > 26 (n = 50) were categorized as intermediated chronotypes.
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Alcohol Use Measures

The Alcohol Use Disorder Identification Test (AUDIT; World Health Organization,
2001). The AUDIT is a 10-item questionnaire that probes three domains of alcohol use disorders:
hazardous alcohol use, dependence symptoms, and harmful alcohol use. The values for each item
are summed yielding scores ranging from 0-40. Total scores of 20 or higher indicate probable
alcohol dependence. Continuous AUDIT scores were examined as an outcome in the current
study.

7-Day Diary Report of Alcohol Use. Daily alcohol use was also measured using a daily
diary to assess the association between chronotype daily alcohol consumption patterns. A
Qualtrics-based, electronic, time-stamped daily diary was sent to participants each morning and
participants were instructed to complete the diary entries within the first hour of waking up.
Participants entered the number of alcoholic beverages consumed the day before into the daily
diary. Mean alcoholic drinks consumed across the 7-day data collection was analysed as a
measure of daily alcohol consumption.
Other Questionnaires

Demographics — A brief questionnaire was administered to participants to collect data on
age, sex, gender, pregnancy, race, ethnicity and whether or not participants were taking a
medication that could affect autonomic functioning. The demogrphic data was used to determine
eligibility and during the analysis stage of the study.

7-Day Diary Report of Sleep Duration. Using the Qualtrics diary described under
alcohol use measures, participants recorded daily bed times, wake times, how long it took them
to fall asleep (a.k.a. sleep latency, SL), and number of minutes spent awake after initial sleep

onset (WASQO). Habitual sleep duration was measured as the number of minutes between bed
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and wake times minus SL and WASO. Each day, participants indicated whether they had a “free
day”, meaning they were able to sleep in, or if they had a “non-free day”, meaning they needed
to wake up early in order to meet an obligation such as attending a morning class or going to
work. Because sleep on non-free days tends to be more curtailed among evening chronotypes
(Roenneberg et al., 2007), we examined non-free day sleep duration as a moderator of
associations among chronotype, alcohol use, and emotion regulation (described in detail under
the Statistical Analysis section).

44-1tem Big Five Inventory of Personality (The Big Five; John, Donahue & Kentle,
1991) — The Big Five is a 44-item questionnaire that measures five personality dimensions:
openness, conscientiousness, extroversion, agreeableness, and neuroticism. Participants are
asked to mark the extent to which they agree with 44 statements on a scale of 1 to 5 anchored by
“disagree strongly” and “ agree strongly”. Subscales are created for each of the five personality
dimensions. Due to their associations with chronotype (Duggan et al., 2014), alcohol use
(Hakulinen et al., 2015; Fairbairn, Sayette, Wright, Levine, Cohn, & Creswell, 2015), and
emotion regulation (Cremets et al., 2010), we limited our analyses to examine the moderating
role of conscientiousness, extroversion, and neuroticism.
Laboratory Emotion Regulation Protocol

All participants were scheduled for their laboratory emotion regulation protocol within
two hours of their habitual wake-up time, as measured by their week-long sleep diary. On
average, participants began the laboratory emotion regulation protocol 1.06 £ 0.94 hours later
than their average wake up time. The laboratory emotion regulation protocol consisted of a
baseline assessment period and an emotion regulation testing period. Participants were asked to

abstain from drinking alcohol or caffeine and from exercising 12 hours prior to their scheduled
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testing session and asked to abstain from smoking 4 hours prior to their testing session. This was
verified by self-report at the time of laboratory testing.

Baseline. Participants were instructed to view a screen showing a series of colored blocks
for a 10-minute period. Participants were asked to attend to the colored blocks and count the
number of times they saw the first colored block that appeared on the screen. This baseline task
has been shown to be an effective method for washing-out individual differences in
physiological arousal that might be present upon coming into the lab (Jennings, Kamarck,
Stewart, Eddy, & Johnson, 1992}.

Emotion regulation task. Participants viewed a series of neutral, negative, and positive
images. Participants viewed 10 blocks of images. Each block was comprised of 12 positive, 12
negative, or 12 neutral images (Figure 4). Images within each block were preceded by one of
three cues: “look”, “reframe”, or “enhance”. Prior to the task, participants were instructed on
what to do after seeing each cue. When cued to “look”, participants were instructed to view the
image while experiencing their emotions naturally. When cued“reframe”, participants were
instructed to reappraise the image’s meaning in a more positive way such as envisioning a happy
ending to a sad scene. When participants were cued to “enhance”, they were instructed to
increase their positive response to the image by thinking about it in a more personally relevant
manner. Cues were presented for 1500 milliseconds Each image was presented for 6000
milliseconds. Following each image, participants had 3000 milliseconds to rate how they felt on
a scale ranging from “enxtremely negative” to “extremely positive” (for example in Figure 5).
Each block of 12 images was completed in just over 2 minutes. Positive, negative and neutral

image blocks were presented in pseudorandom order, with the first block always being neutral to
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establish baseline measures of affect and autonomic physiology. Images were presented to
participants using the e-Prime software (Schneider, Eschman, & Zuccolotto, 2007).

Image selection. Images were selected from the International Affective Picture System
(IAPS; Lang, Greenwald, Bradley, & Hamm, 1993). The IAPS is a database developed by the
Center for the Study of Emotion and Attention at the University of Florida. The IAPS contains
color photographs that have been rated on dimensions of arousal and valence, yielding normative
arousal and valance ratings for each image. Images from the IAPS have been validated as
effective stimuli to evoke emotional responses.

A total of 24 negative images, 24 positive images, and 24 neutral images were selected
from the database. To select images, the database was sorted by valence and then by category
(e.g., burn victims, snakes, puppies, attractive females). The most negatively and positively rated
images for each category were selected for consideration. We selected images from each
category to avoid over-selecting images from only the most negatively rated category (i.e., burn
victims) or most positively rated category (i.e., puppies). Images from one singular category
might elicit a specific type of emotion such as disgust or affection. Our intention was to elicit
negative and positive emotions broadly. The 24 images of each type (i.e., negative, positive, and
neutral) were divided into two separate blocks of 12 images each that did not differ in term of
database valence and arousal ratings.

Operationalization of emotion regulation. Emotion regulation was measured using three
outcomes: self-reported affect, HF-HRV, and PEP. All three outcome variables were measured
during 2 neutral “look” trials, 2 negative “look” trials, 2 positive “look” trials, 2 negative
“reframe” trials, and 2 positive “enhance” trials (Figure 4). Outcome variables were averaged

across like trials. Emotion regulation was operationalized as the difference in average outcome
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variable between trials when participants were passively viewing pictures (i.e., “look” trials) and
trials during which participants were viewing pictures while actively attempting to regulate their
emotions (i.e., “reframe” and “enhance” trials). For example, negative emotion regulation via
self-reported affect (N-ER-SRA) was calculated by subtracting average self-reported affect
during negative “look™ trials from average self-reported affect during “reframe” trials (Table 1).
Because we anticipated that affect will become more positive during “reframe” trials, greater
values reflect better emotion regulation. Similarly, positive emotion regulation via self-report (P-
ER-SRA) was calculated by subtracting self-reported affect during positive “look™ trials from
affect during “enhance” trials. Again, greater differences in self-reported affect reflect better
affective emotion regulation. Please see the key in Table 1.

Physiology

Heart rate variability (HRV). Heart rate variability is a measure of autonomic physiology
that can be measured in time and frequency domains. The high frequency component of HRV
(HF-HRV) was used as a physiological marker of emotional response for the following reasons.
In contrast to time-domain measures of HRV, spectral components, such as power in the high
frequency band (0.15 tgo 0.40 Hz) can be obtained from short-term recordings (e.g., 1-5 minutes;
European Task Force Society of Cardiology & the North American Society of Pacing &
Electrophysiology, 1996; Pinna et al., 2007).

Experimental studies show that the high frequency component of HRV is regulated by
efferent vagal signaling (Malik & Camm, 1993), indicating regulation of the cardiovascular
system via the parasympathetic nervous system (PNS). Activation of the PNS is essential for
inhibiting heightened states of arousal (Beauchaine, 2001; Thayer et al., 2012; Lane et al., 2009).

In contrast, the precise origins of the low frequency components of HRV (LF-HRV) are less
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understood (European Task Force Society of Cardiology & the North American Society of
Pacing & Electrophysiology, 1996). Although LF-HRV has traditionally been thought to
correspond with SNS activation, more recent analysis suggests that LF-HRV is largely regulated
by the PNS along with the other components of HRV (Reyes del Paso, Langewitz, Mulder, van,
& Duschek, 2013). In addition, LF-HRV appears to be more sensitive than HF-HRV to
respiratory rate (Pinna et al., 2007). Therefore, HF-HRV was chosen as a more reliable signal for
measuring physiology during the laboratory emotion regulation protocol. In the current study,
greater difference in HF-HRV between “look” and either “reframe” or “enhance” blocks
represents greater emotion regulation at the physiological level.

Pre-ejection period (PEP). Pre-ejection period (PEP) is a measure that reflects activation
in the sympathetic branch of the ANS. Precisely, PEP is the time between depolarization of the
left ventricular myocardium and the opening of the aortic valve. Pharmacological studies have
validated PEP signal as a reliable estimate of peripheral SNS activation (Schachinger,
Weinbacher, Kiss, Ritz, & Langewitz, 2001). Specifically, epinephrine administration has
resulted in shortened PEP while administration of the beta-blocker, esmolol, has resulted in PEP
lengthening (Schachinger et al., 2001).

Better emotion regulation has been associated with longer PEPs. For instance, better
parent-reported emotion regulation is associated with PEP lengthening following anger induction
in children (Kahle et al., 2015). Another study reported that PEP shortened when participants
were asked to up-regulate, or exaggerate, their emotional response to sad film clips (Robinson &
Demaree, 2009). However, other studies have shown no difference in PEP when participants
attempted to regulate their emotions (Crowell, Beauchaine, McCauley, Smith, Stevens, &

Sylvers, 2005; Musser, Backs, Schmitt, Ablow, Measelle, & Nigg, 2011). In the current study,
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better emotion regulation will be indicated by PEP lengthening from negative “look™ to negative
“reframe” trials and from positive “look” to positive “enhance” trials.

HRV and PEP data acquisition and processing. Data were collected using Mindware
Bionex hardware (Mindware, Gahanna, OH). Simultaneous electrocardiogram (ECG) and
impedance cardiogram (ICG) were measured. The ECG and ICG signals were used to compute
HRYV and PEP. Both ECG and ICG are non-invasive continuous measures of autonomic
functioning. The ECG was obtained via three spot electrodes on the front of the torso. The ICG
was obtained via four spot electrodes: one on the jugular notch, one below the sternum, and two
on the spine 1.5 inches above and below the front spot electrodes. Signals were collected in 126
second epochs.

Mindware HRV 3.1 and IMP 3.1 software were used to calculate HF-HRV and PEP
values. The HF-HRYV data was derived through automatic detection of R-peaks. Automatic
detection was visually inspected for R-peak identification errors and manually corrected.
Spectral power in the 0.15 Hz to 0.40 Hz range was calculated using fast Fourier transformation
of the interbeat interval. A Hamming window was used to detrend, center and taper the interbeat
interval series. The PEP values were derived from the ECG and ICG signals. Mindware software
IMP 3.1 was used to automatically detect the ECG Q point (ventricular depolarization onset) and
the dZ/dt B point (opening of aortic valve). Ensemble averages produced by the software were
manually inspected and Q and B points were adjusted in less than 10% of cases according to
established correction methods (Berntson, Lozano, Chen, & Cacioppo, 2004; Lozano et al.,

2007).
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Statistical Analysis

Hypothesis 1 — Alcohol Use will be Significantly Greater Among Evening Chronotypes

General linear models were used to compare chronotype group means on both AUDIT-
assessed and diary-assessed alcohol consumption while controlling for age and depressive
symptoms.
Hypothesis 2 — Emotion Regulation will be Significantly Worse Among Evening
Chronotypes

A total of 6 emotion regulation variables (i.e., SRA, HRV, and PEP during negative
emotion regulation and SRA, HRV, and PEP during positive emotion regulation) were compared
between evening intermediate chronotypes using a general linear model controlling for age and
depressive symptoms. We hypothesized that evening chronotypes would exhibit poorer emotion
regation as measured by smaller differences in affective and autonomic responding between
“look” trials and and trials wherein participants were asked to either down-regulate negative
emotions (“reframe” trials) and up-regulate positive emotions (“enhance” trials). For analyses
examining PEP during negative emotion regulation, a natural log transformation was used on N-
ER-PEP, correcting the skew statistic from -4.369 to 0.484). All other emotion regulation
variables were skewed < 2.0.
Hypothesis 3 — Evening Chronotype will be Indirectly Associated with Greater Alcohol
Consumption via Poor Emotion Regulation

The percentile bootstrapping method, developed by Shrout and Bolger (2002) was
proposed to test whether there was an indirect effect of chronotype on alcohol use via emotion
regulation (Shrout & Bolger, 2002a). The percentile bootstrapping method is a statistically

powerful alternative to traditional mediation methods such as the Barron and Kenny (1986)
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approach and the Sobel test of mediation (Sobel, 1982; MacKinnon, 2004}. Bootstrapping
methods involve forming a set of unique samples by sampling from the original sample set with
continuous replacement. A parameter, such as an indirect effect, is calculated for each new
sample and a bootstrap distribution for that parameter is formed. This accounts for asymmetries
in the distribution of indirect effects. As reviewed by Shrout and Bolger (2002), confidence
intervals of indirect effects tend to be skewed in favor of the null hypothesis, leading to greater
risk for Type Il errors (Shrout & Bolger, 2002). The Baron and Kenny (1986) and Sobel (1982)
methods assume a symmetric distribution around the standard error of the mediated effect
(Mallinckrodt, Abraham, Wei, & Russell, 2006} and are, therefore, most appropriate for use with
large sample sizes (Henderson et al., 1995). The percentile bootstrapping method is thought to
increase statistical power when either sample size or effect sizes are small (Shrout & Bolger,
2002). Mediation analyses would only be performed if the indirect pathway (oxp, Figures 1 and
2) was significant (Baron and Kenny, 1986; Zhao, Lynch, & Chen, 2010).

Exploratory Aim Analyses - Evaluate if the indirect effect of chronotype on alcohol use via
emotion regulation is conditional upon sex, habitual sleep duration on non-free days,
positive affect, extroversion, conscientiousness, and/or neuroticism.

In an exploratory fashion, we tested whether the direct effect 1 (the direct association
between chronotype and alcohol use, depicted in Figures 1 and 2), mediation pathway a (the
effect of chronotype on emotion regulation; depicted in Figures 1 and 2), and/or mediation
pathway B (the effect of emotion regulation on alcohol use; depicted in Figures 1 and 2) were
moderated by sex, sleep duration on non-free days, positive affect, extroversion,
conscientiousness, or neuroticism. Finally, exploratory moderated mediation analyses were

conducted to test if an indirect association between chronotype and alcohol use via emotion
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regulation varied as a function of the moderating variables. According to the process outlined by
Muller, Judd, and Yzerbyt (2005), moderated mediation was only tested when an exploratory
variable significantly moderated the a pathway, the  pathway, or both (Figure 6). When
appropriate, moderated mediation was run on 1,000 bootstrapped samples. The 95% confidence
interval for the distribution of each conditional indirect effect was examined. Upper and lower
bounds of the 95% confidence interval containing zero indicate that the conditional indirect
effect is non-significant at p > 0.05.

Alternative Design Considerations

The primary aim of the current study was to evaluate the indirect association between
chronotype and alcohol use through emotion regulation. The methods proposed here were
designed to optimize external validity, innovation and feasibility. However, we acknowledge that
there are alternative methodological approaches that could have been used in service of our
primary aim. Several alternative approaches are considered here.

Why not study extreme evening and morning chronotypes only? Many chronotype
studies have established chronotype groups in one of two ways: 1) using pre-determined cut-off
scores on a chronotype measure (e.g., CSM scores < 26 evening chronotype; 27-41 intermediate
chronotype; > 42 morning chronotypes); or 2) after a sample has been collected, categorizing
participants as evening or morning chronotypes if they fall into the 10" and 90" percentiles of
the sample distribution. For both approaches, large samples are needed to acquire a sufficient
number of participants in each chronotype group. The current study relied on recruiting
participants from the University of Pittsburgh undergraduate Psychology program participant
pool which was limited in size. In addition, students in the participant pool were required to

complete four credit hours of research in the same semester in which they enrolled. Based on
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these limitations, the current study compared evening chronotypes to non-evening chronotypes
(i.e., morning and intermediate). This approach is relevant for college populations who tend to be
either evening oriented or assume a later sleep schedule simply due to the evening oriented
culture that dominates college campuses (Lau et al., 2013).

Why not use a within-subject design to test emotion regulation during morning and
evening sessions? Testing emotion regulation during a morning session and an evening session
was considered. Because chronotypes are partially defined by self-reported timing of peak
cognitive functioning and emotion regulation is, in part, a cognitive process, it stands to reason
that chronotypes may exhibit stronger emotion regulation at their preferred time of day. Despite
this reasonable logic, studies examining chronotype by time-of-day effects in emotional
responding have not produced compelling results.

Specifically, four studies have examined chronotype differences in stress reactivity
during both morning and afternoon testing sessions (Roeser, Obergfell, Meule, Vogele, Schlarb,
& Kubler, 2012; Willis, O'Connor & Smith, 2005; Nebel et al., 1996; Dunn & Taylor, 2014).
One out of four studies found a time-of-day effect for stress reactivity, showing that
cardiovascular reactivity was stronger in the afternoon relative to the morning; this effect was not
different in intermediate and evening chronotypes (Roeser et al., 2012). Nebel et al (1996) and
Dunn et al (2014) did find interactions between chronotype and time-of-day; however, the results
of the two studies conflicted with one another. One showed that stress reactivity was highest
when chronotypes were tested at their preferred time (Nebel et al., 1996) and the other found that
stress reactivity was highest at chronotypes’ non-preferred time (Dunn & Taylor, 2014).

Only one study has examined time-of-day effects on emotion regulation and found that

emotion regulation did fluctuate across the day in accordance with hypothesized age-related
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peaks in cognitive performance (Tucker, Feuerstein, Mende-Siedlecki, Ochsner, & Stern, 2012).
Specifically, older adults and younger adults completed an emotion regulation task once in the
morning and once in the afternoon. Older adults demonstrated greater difficulties with emotion
regulation during the afternoon session while the opposite was true for younger adults.

Hasler and colleagues (2012) has shown chronotype differences in positive affect
rhythms across the day (Hasler et al., 2012). The study found no chronotype differences in
negative affect rhythms. Results of this study provide some suggestion that positive but not
negative emotion regulation may show time-of-day effects with respect to chronotype.
Therefore, testing positive emotion regulation during a standardized time-window may
artificially inflate differences between chronotype groups. To account for this possibility, the
laboratory emotion regulation protocol was scheduled based on each participant’s habitual wake-
up time. Participants were tested at their subjective morning time rather than a standardized
clock time. Post-hoc analyses were conducted to assess whether time of day moderated
associations between chronotype and emotion regulation.

Results

Among the eighty-one participants who completed the study, the average age was 19.63
+1.17, 67.9% (n = 55) were female, 69.1% (n = 56) were Caucasian, and 97.5% (n = 79)
identified as Non-Hispanic or Latino (see Table 2 for complete demographic data). Average
sleep duration was 8.12 hours + 70 minutes on free days and 6.74 hours + 79 minutes on non-
free days. Average sleep midpoint was 6:04 am £ 95 minutes on free days and 4:53 am + 62
minutes on non-free days.

Evening and intermediate chronotypes did not differ in terms of age, sex, or race. Diary-

assessed sleep midpoints on both free and non-free days were significantly later among evening
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chronotypes relative to intermediate chronotypes (F = 22.783, p < 0.001 and F = 13.559, p <
0.001, free and non-free, respectively; Table 2). Sleep duration on non-free but not free days was
also significantly shorter among evening chronotypes (F = 10.555, p = 0.002). Screening
measures of depressive symptoms, mood disorder symptoms, and symptoms of PTSD did not
differ between chronotype groups.
Manipulation Checks

Manipulation checks revealed that emotion regulation successfully altered affective but
not autonomic responses to negative stimuli (see Table 3). Specifically, while viewing negative
images, self-reported affect was significantly more negative during “look” trials relative to
“reframe” trials (t = -15.274, p < 0.001). There was a slight difference in PEP between negative
“reframe” and “look” trials such that PEP was shorter when participants were trying to reframe
negative images in a positive way as compared with passively viewing negative images;
however, this difference did not reach statistical significance (t = 1.832, p = 0.071). There was no
significant differences in HF-HRV between negative “look™ and “reframe” trials. Emotion
regulation also successfully altered affective but not autonomic responses to positive stimuli.
Self-reported affect was significantly more positive during “enhance” trials relative to “look”
trials (t =-13.671, p < 0.001). There were no differences in HF-HRV nor PEP between “look™
and “enhance” trials. Please see Appendix Tables A1-A3 for correlations between affective and
autonomic variables within each trial type.
Hypothesis 1 — Alcohol Use will be Significantly Greater Among Evening Chronotypes

Self-reported alcohol consumption was fairly low within the sample. Participants
reported an average consumption of 0.72 = 0.84 drinks per day with an average of 4.99 + 6.04

drinks total across the 7-day diary field assessment (Table 2). AUDIT scores ranged from 0 to 18
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(mean =5.19 + 3.83). Diary-assessed alcohol consumption did not differ between chronotype
groups (Table 4). However, AUDIT scores were significantly higher among evening
chronotypes, before and after controlling for age and depressive symptoms (F = 4.919, p = 0.029
and F = 4.399, p = 0.039, respectively).

Hypothesis 2 — Emotion Regulation Will be Significantly Worse Among Evening
Chronotypes

Self-reported affect. Chronotype was unrelated to changes in self-reported affect (SRA)
during both negative and positive emotion regulation. Specifically, when viewing negative
images, the difference in SRA between “look” and “reframe” trials did not vary by chronotype
group (Table 5). Similarly, when viewing positive images, the difference in SRA between “look”
and “enhance” trials did not vary by chronotype group (Table 6).

High-frequency heart rate variability. Chronotype was unrelated to changes in HF-
HRYV during both negative and positive emotion regulation trials. Specifically, when viewing
negative images, the difference in HF-HRV between “look™ and “reframe” trials did not vary by
chronotype group (Table 5) and when viewing positive images, the difference in HF-HRV
between “look™ and “enhance” trials did not vary by chronotype group (Table 6).

Pre-ejection period. Chronotype was also unrelated to changes in PEP during both
negative and positive emotion regulation. Specifically, when viewing negative images, the
difference in PEP between “look” and “reframe” trials did not vary by chronotype group (Table
5). Similarly, when viewing positive images, the difference in PEP between “look™ and
“enhance” trials did not vary by chronotype group (Table 6).

Hypothesis 1 predicted that evening chronotypes would endorse more symptoms of

alcohol use disorder and would report greater alcohol consumption on a 7-day diary. Our data
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partially supported this prediction. AUDIT-assessed symptoms of alcohol use disorder were
significantly higher among evening compared to intermediate chronotypes. Hypothesis 2
predicted that evening chronotypes would be less successful at regulating affective and
autonomic responses to negative and positive emotional stimuli. Our data showed no differences
in emotion regulation between between intermediate and evening chronotypes. There were also
no associations between emotion regulation and either measure of alcohol consumption
(Appendix Table A4). Based on these results, there was no justification to test the mediation
model depicted in Figure 1 (Hypothesis 3; Baron & Kenny, 1986; Zhao, Lynch, & Chen, 2010).
Exploratory Moderation Analyses

Sex. Sex did not vary by chronotype (Table 2). Neither diary- nor AUDIT-assessed
alcohol use varied by sex (Appendix Table A5). Moderation analyses revealed no sex by
chronotype interaction on diary- nor AUDIT-assessed alcohol use (F =0.735, p=0.394 and F =
1.572, p = 0.214, respectively, Table 7). Females reported feeling significantly more negative
than males while viewing negative images during “look” trials (F = 11.262, p = 0.001; Appendix
Table A6). Females had significantly higher N-ER-SRA relative to males (F = 3.951, p = 0.050;
Appendix Table A7), indicating that females demonstrated significantly better affective
regulation during negative emotion regulation. However, sex did not moderate associations
between chronotype and any of the six emotion regulation variables (Table 8). Finally, sex did
not moderate associations between emotion regulation and either alcohol use measure (Appendix
Table A8).

Sleep duration on non-free days. As shown in Table 2, sleep duration on non-free days
was significantly shorter among evening chronotypes compared to intermediate chronotypes.

Sleep duration on non-free days was unrelated to AUDIT- and diary-assessed alcohol
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consumption (Appendix Table A9). Sleep duration on non-free days did not moderate
associations between chronotype and either diary- or AUDIT-assessed alcohol consumption
(Table 7).

There was no main effect of sleep duration on non-free days on affective or autonomic
measures of emotion regulation (Appendix Table A10). Moderation analyses revealed a
significant interaction between sleep duration on non-free days and chronotype on N-ER-HRV (j
=0.365, p = 0.039; Table 9). Specifically, longer sleep duration on non-free days was associated
with increases in HF-HRV between “look™ and “reframe” trials for intermediate chronotypes but
not for evening chronotypes (see Figure 7). This interaction was robust to adjustment for age and
depressive symptoms (B = 0.369, p = 0.05). Sleep duration on non-free days did not moderate
associations between chronotype and any other measures of emotion regulation, nor did sleep
duration moderate associations between emotion regulation and alcohol use (Appendix Table
Al1l). Because sleep duration on non-free days moderated the association between chronotype
and N-ER-HRV, moderated mediation was tested. The results were non-significant (Appendix
Tables Al12).

Positive affect. Daily positive affect was slightly higher among intermediate chronotypes
compared with evening chronotypes (F = 3.274, p = 0.074; Table 2). Positive affect was
unrelated to AUDIT- and diary-assesed alcohol consumption (Appendix Table A8). Positive
affect did not moderate associations between chronotype and either AUDIT- nor diary-assessed
alcohol consumption (Table 7).

Daily positive affect was unrelated to affective and autonomic outcomes during negative
emotion regulation trials (Appendix Table A10), nor did daily positive affect moderate

associations between chronotype and any indices of negative emotion regulation (Table 10).
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Positive affect was unrelated to P-ER-SRA and P-ER-HRV; however, greater daily positive
affect was negatively associated with P-ER-PEP (Appendix Table A10). Specifically, greater
daily positive affect was associated with PEP shortening during “enhance” trials. Moderation
analyses showed that positive affect did not moderate associations between chronotype and any
measure of positive emotion regulation (Table 10). Finally, positive affect did not moderate
associations between emotion regulation and either alcohol use measure (Appendix Table A13).

Conscientiousness. Intermediate chronotypes were significantly higher in
conscientiousness compared to evening chronotypes (F = 8.743, p = 0.004, Table 2).
Conscientiousness was unrelated to AUDIT scores and diary-assessed alcohol consumption
(Appendix Table A8). Conscientiousness did not moderate associations among chronotype and
either alcohol consumption measure (Table 7).

Conscientiousness was unrelated to affective and autonomic outcomes during negative
emotion regulation (Appendix Table A10), nor did conscientiousness moderate associations
between chronotype and any measure of negative emotion regulation (Table 11). Similarly,
conscientiousness was unrelated to affective and autonomic outcomes during positive emotion
regulation (Appendix Table A10), nor did conscientiousness moderate associations between
chronotype and any measure of positive emotion regulation (Table 11). Conscientiousness did
not moderate associations between emotion regulation and alcohol use (Appendix Table A14).

Extroversion. Extroversion was unrelated to chronotype (Table 2) and unrelated to
AUDIT- and diary-assessed alcohol consumption (Appendix Table A8). Extroversion did not
moderate associations between chronotype and either measure of alcohol consumption (Table 7).

Extroversion was unrelated to affective and autonomic measures of negative emotion

regulation (Appendix Table A10) and did not moderate associations between chronotype and
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measures of negative emotion regulation (Table 12). Similarly, extroversion was unrelated to
positive emotion regulation outcomes and extroversion did not moderate associations between
chronotype and any measure of positive emotion regulation (Table 12). Extroversion did not
moderate associations between emotion regulation and alcohol use (Appendix Table A15).

Neuroticism. Neuroticism was unrelated to chronotype (Table 2) and both AUDIT- and
diary-assessed alcohol consumption (Appendix Table A8), nor did neuroticism moderate
associations between chronotype and either measure of alcohol consumption (Table 7).

Neuroticism was unrelated to N-ER-SRA and N-ER-HRV. In contrast, neuroticism was
associated with negative emotion regulation, as measured by changes in PEP (N-ER-PEP).
Specifically, greater neuroticism was associated with PEP shortening when participants were
asked to “reframe” negative images (r = -0.293, p = 0.010; Appendix Table A9). During positive
emotion regulation trials, neuroticism was unrelated to P-ER-SRA and P-ER-HRV. However,
neuroticism was associated with P-ER-PEP. Specifically, greater neuroticism was associated
with PEP lengthening when participants were asked to “enhance” positive images (r = 0.299, p =
0.009; Appendix Table A10). Neuroticism did not moderate associations between chronotype
and any measure of emotion regulation (Table 13). Neuroticism did not moderate associations
between emotion regulation and alcohol use (Appendix Table A16).
Post-Hoc Time-of-Day Analyses

Time of day at which the laboratory protocol took place was not related to N-ER-SRA,
N-ER-HRV, or any measure of positive emotion regulation. Later time of day was associated
with greater lengthening of PEP during negative emotion regulation trials (r = 0.248, p = 0.033;
Appendix Table A17). Time of day also moderated the association between chronotype and N-

ER-HRV (Figure 8). Specifically, evening chronotypes with earlier task-start times exhibited
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better negative emotion regulation, as indicated by greater increases in HF-HRV during
“reframe” trials (p = 0.347, p = 0.047; Table 14). This interaction was robust to adjustment for
covariates (p = 0.363, p = 0.044). Finally, a moderated mediation analysis demonstrated that time
of day did not moderate indirect effects of chronotype on AUDIT scores via N-ER-HRV
(Appendix Tables A18).

Discussion

The overall goal of the study was to evaluate emotion regulation as a pathway linking
chronotype to alcohol use. Specifically, we tested three primary hypotheses: 1) eveningness
would be associated with greater alcohol use; 2) eveningness would be associated with poorer
emotion regulation; and 3) emotion regulation would mediate the association between
eveningness and alcohol use. Our data supported Hypothesis 1; evening chronotypes endorsed
greater symptoms of alcohol use disorder compared to intermediate chronotypes. Hypothesis 2
was not confirmed. Chronotype was unrelated to changes in self-reported affect, HF-HRV and
PEP during both negative and positive emotion regulation. Because there was no association
between chronotype and emotion regulation, we were unable to test our conceptual model
(Hypothesis 3; Figure 1).

Exploratory analyses revealed a significant interaction between chronotype and sleep
duration on non-free days in relation to negative emotion regulation as measured by changes in
HF-HRV. Among intermediate chronotypes, longer sleep duration on non-free days was
associated with increases in HF-HRV during negative emotion regulation. No such effect was
observed for evening chronotypes. Finally, a post-hoc analysis revealed that evening chronotypes

who were tested earlier in the day had better negative emotion regulation as measured by
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changes in HF-HRV. Our findings are discussed within the context of the broader literature
below.
Chronotype & Alcohol Use

Evening chronotype was associated with higher scores on the AUDIT. This finding is
consistent with a growing body of literature that shows significant associaions between
eveningness and greater alcohol consumption. Of 28 studies, reviewed elsewhere (Taylor et al.,
under review at Sleep Medicine Reviews), only three reported no association between evening
chronotype and greater alcohol use (Haraszti, Purebl, Salavecz, Poole, Dockray, & Steptoe,
2014; Nowakowska-Domagala, Mokros, Jablkowska-Gorecka, Grzelinska, & Pietras, 2016;
Culnan, Kloss, & Grandner, 2013). For instance, Haraszti and colleages (2014) found no
chronotype group difference in self-reported alcohol consumption among 202 female
professionals (Haraszti et al., 2014). A study of 58 alcohol-dependent men and 29 healthy
controls showed no chronotype group differences in level of alcohol dependence, as measured by
the Michigan Alcoholism Screening Test (MAST; Selzer, 1971; Nowakowska-Domagala, 2016).
Finally, Culnan, Kloss, and Grandner (2013) studied prospective associations between
chronotype and various health behaviors among 137 incoming college freshmen during the
second week of school and again eight weeks later (54 were studied at follow-up; Culnan et al.,
2013). The investigators found no association between chronotype and alcohol consumption at
baseline; however, among the 54 who completed the follow-up assessment, evening chronotypes
reported significantly more drinking than morning chronotypes, presumably after acclimating to
college life.

Our findings contribute to the literature on chronotype and alcohol use by showing that

evening chronotypes endorsed more symptoms of alcohol use disorder but did not report greater
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daily alcohol consumption. Most studies examining chronotype in relation to alcohol use have
measured either daily consumption or self-report measures of abuse, such as the AUDIT, though
few have measured both. Our findings provide greater detail regarding alcohol use among
undergraduate evening chronotypes.

The majority of participants in our sample were under the legal drinking age (n = 75,
79.8% < 21 years old). Underage drinkers, who do not have consistent access to alcohol and,
therefore, drink on fewer occasions, are also more likely to binge drink relative to legal-age
drinkers (Weschler, Lee, Nelson, & Kuo, 2002). Therefore, underage drinkers may be more
likely to report greater frequency in response to questions such as, “How often do you have six
or more drinks on one occasion” than they are to report drinking on a daily basis over a 7-day
period. It is, thus, plausible that the AUDIT was more sensitive to the drinking behaviors and
pattersn of the underage sample enrolled in this study. Furthermore, the pattern of data presented
here may indicate that a 7-day diary assessment may not be a sufficient observation period to
accurately assess alcohol consumption level within the age-group.
Chronotype & Emotion Regulation

Contrary to expectations, there were no main effects of chronotype on emotion
regulation. As stated previously, we anticipated that evening chronotypes would exhibit poorer
emotion regulation given previous work showing that evening chronotypes score higher on
measures of emotional lability, emotional distress and emotional problems (Jeong Jeong et al.,
2015; Giannotti et al., 2002; Gau et al., 2007), and score lower on measures of emotional
stability and control (Cavallera et al., 2014; Ottoni et al., 2012). Evening chronotypes have also

been shown to score higher on measures of emotional reactivity, tense arousal and aggression
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(Diaz-Morales, Escribano, Jankowski, VVollmer, & Randler, 2014; Schlarb, Sopp, Ambiel, &
Grunwald, 2014).

The lack of chronotype differences in emotion regulation was likely due to the fact that,
within the sample as a whole, the presence of emotion regulation was only verified by self-report
and was not evident from measures of autonomic physiology. Therefore, it is possible that
successful emotion regulation as seen by change in self-reported affect may merely reflect the
influence of demand characteristics (Ray, McRae, Ochsner, & Gross, 2010). While numerous
emotion regulation studies have used similar experimental paradigms to effectively regulate
physiological measures (Wu, Winkler, Wieser, Andreatta, Li, & Pauli, 2015; Di Simplicio,
Costoloni, Western, Hanson, Taggart, & Harmer, 2012; Christou-Champi et al., 2015), other
studies have found that instructions to regulate emotions had the intended impact on self-
reported emotions but not on physiology (Pedersen & Larson, 2016). Differences in
manipulation success may be due to slight variations in protocol and length of time participants
were given to practice emotion regulation strategies. For instance, in one study, one group of
participants were given three training sessions on three separate days, prior to the laboratory
emotion regulation task (Christou-Champi et al., 2015). Those who participated in training
sessions successfully increased HRV while “reappraising” negative images, while those in a
control group who received no training, exhibited no change in HRV.

Individual differences in interoceptive awareness, the extent to which one is conscious of
bodily signals, may have also contributed to the differences in manipulation success. For
instance, greater interoceptive awareness has been associated with activation in neural regions
associated with down-regulating negative emotional states (Fustos, Gramann, Herbert, &

Pollatos, 2013). Increasing interoceptive awareness through bio-feedback has also been shown to
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improve cardiovascular reactivity to negative emotional stimuli (Peira, Fredrikson, & Pourtois,
2014). Future studies should measure interoceptive awareness to better understand discrepant
findings across affective and physiological outcomes.

The null findings reported here may have also been due to a lack of emotional arousal
induced by our stimuli (Appendix Table A19). When compared to outcomes measured while
viewing neutral images, only self-reported affect changed upon viewing emotionally charged
images. Lack of emotional reactivity may have resulted from our decision to choose pictures
from the IAPS based on their valence score rather than their arousal score. For instance, a recent
study evaluated the validity of HRV for detecting differences in emotional responding to IAPS
images and found that HRV was correlated with self-reported valence but only when participants
viewed images with high arousal ratings (Choi, Kim, Kwon, Kim, Ryu, & Park, 2017).
Chronotype by Sleep Duration Interactions

Moderation analyses revealed that the association between chronotype and emotion
regulation was dependent on sleep duration. Specifically, increases in HF-HRV from “look” to
“reframe” trials were associated with longer sleep duration on non-free days but only among
intermediate chronotypes. In extant literature, short habitual sleep duration has been associated
with lower resting HF-HRV (Castro-Diehl et al., 2016). Sleep deprivation has also been shown
to result in acute decreases in HRV (Zhong, Hilton, Gates, Jelic, Stern, Bartels, Demeersman, &
Basner, 2005; Virtanen, Kelleinen, Urrila, & Lappanen, 2015; Tobaldini, Nobil, Strada, Casali,
Braghiroli, & Montano, 2013). Autonomic reactivity to stress has also been shown to be
sensitive to short sleep duration. Specifically, during lab stress tasks, Mezick and colleagues
(2014) found that shorter sleep duration was associated with greater reductions in HF-HRV

(Mezick, Matthews, Hall, Jennings, & Kamarck, 2014), while Franzen and colleagues (2011)
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demonstrated that sleep deprivation resulted in increased blood pressure (Franzen, Gianaros,
Marsland, Hall, Siegle, Dahl, & Buysse, 2011). Our finding that longer sleep duration was
associated with increases in HF-HRV among intermediate chronotypes (i.e., non-evening
chronotypes) is consistent with this literature.

Evening chronotypes demonstrated no association between sleep duration and change in
HF-HRV during the negative emotion regulation task, indicating that longer sleep duration was
not beneficial for this chronotype group. In part, this may have been because sleep duration on
non-free days was longer for intermediate chronotypes compared with evening chronotypes (7.10
hours £ 70 min and 6.15 hours + 82 min for intermediate and evening chronotypes, respectively; Table
2). Less that seven hours of sleep per night has been associated with lower resting HF-HRV
(Castro-Diehl et al., 2016). Our results may suggest that less than seven hours of sleep is also
associated with impaired modulation of HF-HRV though the cognitive reappraisal strategy
“reframing”’; however, sleep restriction studies are needed to test this proposition.

Chronotype by Time of Day Interactions

Time of day effects may have also influenced the pattern of results. In our sample as a
whole, later testing sessions were associated with better regulation of negative emotions, defined
by lengthening in PEPs. This time of day association was not moderated by chronotype.
Reductions in SNS activation during negative emotion regulation may be due to circadian
variations in positive affect. For instance, ambulatory studies have found that positive affect
precedes changes in cardiovascular (Brosschot & Thayer, 2003) and autonomic functioning
(Bacon et al., 2004). Positive affect has been shown to increase across the day, peaking in the

early afternoon (Hasler et al., 2012; Miller et al., 2015). Therefore, circadian-dependent changes
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in positive affect may have facilitated improved emotion regulation abilities specific to
autonomic functioning.

In the current study, we tested emotion regulation within two hours of each participant’s
habitual wake time in order to avoid testing earlier chronotypes at their preferred time and later
chronotypes at their unpreferred time, thereby artificially inflating chronotype group differences.
However, as post-hoc analyses revealed, time of day was associated with differences in
autonomic functioning. In the sample as a whole, later time of day was associated better negative
emotion regulation as indicated by increases in PEP. Conversely, earlier time of day was
associated with better negative emotion regulation as indicated by increases in HF-HRV, but
only among evening chronotypes.

Only a small handful of stress reactivity studies have examined chronotype by time of
day interactions with respect to autonomic functioning. These studies have systematically tested
the synchrony effect (May & Hasher, 1998), that posits chronotypes perform better on tasks at
their preferred time of day (Hahn et al., 2012; Lara, Madrid, & Correa, 2014; Tucker et al.,
2012). Specifically, Roeser and colleagues (2012) examined responses to stress among 27
morning and 28 evening chronotypes during both morning and afternoon sessions. Evening
chronotypes demonstrated lower HRV and both higher heart rate and systolic blood pressure
during baseline and stress conditions (Roeser et al., 2012). Reactivity in systolic blood pressure
and HRV were significantly higher in both chronotype groups during the afternoon testing
session. Other studies have shown that chronotypes exhibited greater arousal during their
preferred time of day (Nebel et al., 1996; Willis et al., 2005) while one other study indicated that
arousal was greater when chronotypes were tested at their non-preferred time of day (Dunn &

Taylor, 2014).
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Our findings suggest that evening chronotypes have better parasympathetic control at
earlier times (i.e., their non-preferred time). Because testing time was based on habitual wake-up
times, this finding may suggest that evening chronotypes with earlier wake timing exhibit better
emotion regulation, as indicated by parasympathetic control. Alternatively, this finding may
suggest that evening chronotypes closer to the middle of the chronotype spectrum fair better than
extreme evening chronotypes. Systematically testing emotion regulation at both preferred and
non-preferred timing is necessary to fully understand time of day effects on emotion regulation
across chronotypes.

Emotion Regulation Did Not Mediate Associations Between Eveningness and Alcohol Use
Disorder Symptoms

In our sample, eveningness was associated with greater alcohol use disorder symptoms
but chronotype was unrelated to changes in affective and autonomic variables during emotion
regulation. Therefore, we were unable to test the model presented in Figure 1. Exploratory
analyses also revealed that the mediation model was not moderated by sleep duration on non-free
days or time of day.

To our knowledge, only three studies have examined emotion regulation as a mechanism
linking substance use to an at-risk group. These studies have found mediation effects but only
when emotion regulation was measured by a self-report questionnaire, such as the DERS, or
affect during standardized emotion regulation tasks, such as the one used in the current study.
Specifically, Khosravani and colleagues (2017) have shown that difficulty with emotion
regulation, as measured by the DERS, mediated the association between positive/negative affect
and alcohol cravings in a sample of alcoholic adults (Khosravani, Sharifi Bastan, Ghorbani, &

Kamali, 2017). Radomski & Read (2016) have also shown that scores on the DERS mediated
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associations between PTSD and alcohol use (Radomski & Read, 2016). Finally, positive affect
during a “savor” condition of an emotion regulation task mediated the association between opiod
misuse status and current cravings for opiods (Garland, Bryan, Nakamura, Froeliger, & Howard,
2017). Self-reported difficulties with emotion regulation or self-reported affect may be more
likely to mediate associations between chronotype and alcohol use. However, in our sample,
emotion regulation as measured by self-reported affect did not vary by chronotype and other self-
report measures of emotion regulation were not administered.
Moderated Mediation Analyses

Moderated mediation revealed that the mediation model was not dependent on sleep
duration on non-free days or time of day. Based on simulation studies conducted by Preacher,
Rucker and Hayes (2007) a study with a sample size of 50-100 participants would only be
sufficiently powered to find a conditional indirect effect if the effect was moderate or large.
When conditional indirect effects are small, sample sizes of 200-500 participants are needed
(Preacher, Rucker, & Hayes, 2007). Therefore, if the conditional effects of sleep duration and/or
time of day exist, they may be small and the current study was underpowered to detect them.
Limitations

The current study had several limitations that are worth addressing. This study was
limited to college students between the ages of 18-25, preventing generalizability beyond this
demographic. While we maintain, that this is an important age-group for studying the
associations between chronotype, emotion regulation and alcohol use, it is a unique population in
several ways. While features of adolescence are still present at this age, college students have
newly acquired autonomy and freedom to dictate their own bedtimes and, often, school

schedules, which have a large influence on wake times. In addition, alcohol use and even misuse
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become normalized within this age group and within college culture. Therefore, results should
not be generalized beyond this demographic but may be used to inform future studies in older
and younger, non-college based samples.

The chronotype distribution in our sample was also a limitation. Studies that compare
morning and evening chronotype groups have used a variety of approaches to categorizing
continuous measures such as the CSM and MEQ (e.g., a prior cutoffs, 10" and 90" percentiles,
20" and 80" percentiles, tertiles, and median splits). Studies using a priori cut-offs and studies
that sample from the ends of a larger chronotype distribution often begin with very large sample
sizes of around several hundred individuals. Given our practical limitations, we made efforts to
recruit individuals who identified as “night owls” or “early birds” but studied all volunteers who
met the inclusion criteria. Morning chronotypes were under-represented in our sample. The lack
of group differences may have been due to our lack of morning chronotypes.

The current study was limited to measuring one week of sleep using a self-report diary
rather than through objective or semi-objective means such as actigraphy. Hasler and colleagues
have shown that physiological measures of circadian phase (i.e., DLMO) are more highly
correlated with actigraphy-assessed sleep than diary-assessed sleep (Hasler, Bootzin, Cousins,
Fridel, & Wenk, 2008). In order to more accurately characterize habitual sleep patterns in college
students, future studies should strive to utilize more objective measures of sleep behavior.

Given the current study design, directionality of associations between chronotype and
alcohol could not be inferred from the results of this study. It is possible that alcohol use
contributed to later sleep timing by influencing sleep behavior or by delaying circadian bio-

markers such as melatonin (Rupp, Acebo, & Carskadon, 2007). Future longitudinal and
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ecological momentary assessment studies are needed to suss out whether adopting an evening
chronotype precedes alcohol use or vice versa.

Finally, the current study was limited by the lack of effect emotion regulation had on
autonomic physiology. Furthermore, negative and positive images also appeared to have no
effect on HF-HRV or PEP. Studies using highly similar protocols have shown that autonomic
activity is sensitive to both negatively and positively rated IAPS images (Garland et al., 2017).
While the IAPS are highly validated, they have also been criticized for being somewhat outdated
(Meiselman, 2016). More emotionally salient images that are consistent with modern standards
may be necessary to evoke acute changes in PNS and SNS activation and fully assess emotion
regulation across chronotype.

Strengths

Despite limitations, our study had several notable strengths. This is the first experimental
study to examine emotion regulation in relation to chronotype. We measured affective and
autonomic responses to negative, positive and neutral stimuli. Chronotype studies are most
commonly conducted using batteries of self-report measures. The current study extends the
literature by demonstrating that chronotypes do not differ in affective or autonomic measures
when asked to regulate emotional responses to visual stimuli. However, by measuring habitual
sleep patterns over the course of 7-days, we were able to show that sleep duration on non-free
days moderated associations between chronotype and HRV-assesed negative emotion regulation,
finding that longer sleep duration was protective for intermediate chronotypes.

While numerous studies have demonstrated an association between chronotype and
alcohol use, few studies have tested moderators or mediators of this association. Exploratory

analyses found that the association between chronotype and alcohol use was not moderated by
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sex, sleep duration on non-free days, positive affect, conscientiousness, extroversion, or
neuroticism. Because chronotype was unrelated to any measure of emotion regulation, it was
determined that emotion regulation could not mediate the association between chronotype and
alcohol use.

Implications and Future Directions

In our sample, evening chronotypes endorsed greater symptoms of alcohol use disorder.
Our results have implications for public health given the developmental shift toward evening
chronotype among adolescents and the persistence of evening chronotype into early adulthood.
Future studies are needed to understand the circumstances surrounding sleep timing among
college students who often have greater flexibility regarding their day-time social obligations. A
longer and more detailed approach to observing sleep patterns and their circumstances in this
population is needed.

Our results do not implicate emotion regulation in the causal pathway between
chronotype and alcohol use, as chronotype did not predict affective or autonomic change during
emotion regulation. Studies are needed to probe other potential mechanisms that might link
evening chronotype to greater alcohol use. Un-related to alcohol consumption, our findings show
that the association between chonotype and emotion regulation, as measured by change in HF-
HRYV, is moderated by sleep duration on non-free days and time of day. Among intermediate
chronotypes, longer sleep duration was associated with greater increases in HF-HRV during
cognitive reappraisal. Among evening chronotypes, earlier testing time was associated with
greater increases in HF-HRV during cognitive reappraisal. These interactions were particular to

down-regulating negative emotions. Further research is needed to understand time-of-day and
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synchrony effects regarding chronotype, emotion regulation strategies and autonomic
physiology.
Conclusions

The current study contributes to the literature by supporting the body of evidence
showing that eveningness is associated with greater endorsement of alcohol use disorder
symptoms. In addition, this study was the first to experimentally test both positive and negative
emotion regulation among chronotypes. Our findings suggest chronotypes do not differ in
affective or autonomic responses to emotion regulation strategies, though longer sleep duration
may be protective for negative emotion regulation among intermediate chronotypes. Evening
chronotypes who have an earlier habitual wake up time may also have improved parasympathetic
control during negative emotion regulation, though systematic evaluation of this is needed. The
current study has implications for public health given the predominance of an evening oriented

culture in colleges and universities.
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Table 1 Emotion regulation variable key

Interpretation

Type of
Emotion Outcome Abbreviation Calculation
Regulation
Negative
Self-Report Affect N-ER-SRA  Affect “Reframe” - Affect “Look”
HF-HRV N-ER-HRV HRYV “Reframe” - HRV “Look”
PEP N-ER-PEP  PEP “Reframe” - PEP “Look”
Positive
Self-Report Affect P-ER-SRA  Affect “Enhance” - Affect “Look”
HF-HRV P-ER-HRV HRYV “Enhance” - HRV “Look”
PEP P-ER-PEP PEP “Enhance” - PEP “Look”

Greater values = more positive affect when regulating negative emotion
Greater values = increased HF-HRV when regulating negative emotion
Greater values = increased PEP when regulating negative emotion

Greater values = more positive affect when regulating positive emotion
Greater values = increased HF-HRV when regulating positive emotion
Greater values = increased PEP when regulating positive emotion

SRA = self-reported affect; HF-HRV = high frequency heart rate variability; PEP = pre-ejection period; N = negative; P = positive; ER = emotion regulation
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Table 2 Descriptive Characteristics

_ Evening Intermediate .
Total N=81 Chronotypes N=30 Chronotypes N=51 Sig

Demographics
Age 19.63+1.17 19.65+1.25 19.62 +1.12 .926
Sex, Female N(%) 55 (67.9%) 21 (67.7%) 34 (61.8%) .981
Race White 56 (69.1%) 19 (61.3%) 37 (74.0%) .682

Black 11 (13.6%) 5 (16.1%) 6 (12.0%)

Asian 10 (12.3%) 5 (16.1%) 5 (10.0%)

Other 4 (4.9%) 2 (6.5%) 2 (4.0%)
Sleep
SMP Free 6:04 am = 95 min 7:02 am = 83 min 5:29 am =85 min <0.001
SMP NonFree 4:53 am £ 62 min 5:24 am + 53 min 4:34 am + 61 min  <0.001
SD Free 8.12 hrs = 70 min 8.19 hrs + 65 min 8.09hrs+73min  0.762
SD NonFree 6.74 hrs £ 79 min 6.15 hrs £ 82 min 7.10 hrs £ 70 min ~ 0.002
Alcohol
Consumption
AUDIT 5.19 +3.83 6.35 +4.05 4.46+354 0.029
Total Drinks 7-day 499 +6.04 5.57 +6.50 462+576 0.505
Psychological
IDS 13.49 £ 2.24 13.73 £ 2.41 13.34+2.15 0.451
MDQ 0.72+0.78 0.84 +0.82 0.64+£0.75 0.267
PTSD 0.20 £ 0.46 0.19+0.48 0.20+0.45 0.951
Affect
Positive Affect 29.63 £ 8.06 27.60 £ 7.67 30.89+8.11 0.074
Negative Affect 11.19+5.09 11.39+4.59 11.07 £5.42 0.785
Personality
Openness 37.13+6.23 37.61+6.17 36.81+6.32 0.581
Conscientiousness 3251 +5.93 30.16 £5.11 34.00+5.97 0.004
Extroversion 27.29 +6.33 28.26 £ 6.04 26.67 +£6.49 0.278
Agreeableness 35.75+5.36 34.42 £ 4.90 36.59+5.52 0.077
Neuroticism 21.54 +5.88 22.23 +5.59 21.12+6.07 0.419

N = sample size; SMP = sleep mid-point; Free = free days; Non-Free = non-free days; SD = sleep duration; AUDIT = alcohol use disorder identification test; IDS =

Inventory of Depressive Symptoms; MDQ = Mood Disorder Questionnaire; PTSD = post-traumatic stress disorder
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Table 3 Manipulation Checks for Emotion Regulation Tasks

Negative Images Positive Images
“Look” versus “Reframe” “Look” versus “Enhance”
t sig t sig
SRA -15.274 <0.001 -13.671 <0.001
HF-HRV 1.187 0.239 0.809 0.421
PEP 1.832 0.071 -0.875 0.385

SRA = self-reported affect; HF-HRV = high frequency heart rate variability; PEP = pre-

ejection period
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Table 4 Chronotype predicting alcohol consumption

AUDIT Diary-Assessed Alcohol
F sig F sig
Model 1 Chronotype 4.919 0.029 0.450 0.505
Model 2
Age 0.077 0.782 0.260 0.612
Depression 1.273 0.263 0.193 0.661
Chronotype 4.399 0.039 0.509 0.478

AUDIT = Alcohol Use Disorder Identification Test
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Table 5 Chronotype negative emotion regulation

Negative Emotion Regulation

SRA HF-HRV PEP
F sig F sig F sig
Univariate 0.029 0.865 0.253 0.617 1.216 0.274
Adjusted* 0.016 0.899 0.191 0.663 1.823 0.181

SRA = self-reported affect; HF-HRV = high frequency heart rate variability; PEP =

pre-ejection period; *Adjusted for age and depressive symptoms
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Table 6 Chronotype positive emotion regulation

Positive Emotion Regulation

Self-Report HF-HRV PEP
F sig F sig F sig
Univariate 0.143 0.706 0.707 0.403 0.219 0.641
Adjusted* 0.135 0.715 0.743 0.392 0.159 0.692

SRA = self-reported affect; HF-HRV = high frequency heart rate variability; PEP =

pre-ejection period; *Adjusted for age and depressive symptoms
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Table 7 Regression coefficients for chronotype by effect modifier interactions predicting alcohol use

AUDIT Diary-Assessed Alcohol
Unadjusted Adjusted Unadjusted Adjusted
B sig B sig B sig B sig

Chronotype X Sex

Chronotype X Sleep Duration Non-Free -0.036 0.837 0.027 0.881 -0.047 0.795 -0.010 0.955
Chronotype X Positive Affect -0.106 0.570 -0.224 0.243 -0.098 .609 -0.142 .480
Chronotype X Conscientiousness 0.053 0.791 0.028 0.890 -0.226 0.273 -0.232 0.266
Chronotype X Extroversion 0.108 0.560 0.110 0.555 0.147 0.447 0.125 0.529
Chronotype X Neuroticism 0.201 0.294 0.187 0.324 0.004 0.986 0.014 0.945

AUDIT = Alcohol Use Disorder Identification Test; *Adjusted for age and depressive symptoms
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Table 8 Sex did not moderate associations between chronotype and emotion regulation

Negative Emotion Regulation Positive Emotion Regulation

SRA HF-HRV PEP SRA HF-HRV PEP
F sig F sig F sig F sig F sig F sig

Univariate 2.235 0.139 0.507 0.479 0.150 0.700 0.013 0.908 2.391 0.126 0.575 0.451
Adjusted* 1.080 0.303 0.029 0.865 0.358 0.551 0.400 0.672 2.759 0.101 0.689 0.409

SRA = self-reported affect; HF-HRV = high frequency heart rate variability; PEP = pre-gjection period; *Adjusted for age and depressive symptoms
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Table 9 Interactions between sleep duration on non-free days and chronotype predicting emotion regulation

Negative Emotion Regulation Positive Emotion Regulation
SRA HF-HRV PEP SRA HF-HRV PEP
B sig B sig B sig B sig B sig B sig
Chronotype x Sleep Duration Non-Free -0.272 0.126 0.367 0.039 0.215 0.240 -0.062 0.729 -0.023 0.899 -0.134 0.472

Adjusted for Age and Depressive Symptoms -0.280 0.128 0.369 0.050 0.171 0.371 -0.077 0.676 0.015 0.938 -0.063 0.742

SRA = self-reported affect; HF-HRV = high frequency heart rate variability; PEP = pre-ejection period
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Table 10 Positive affect does not moderate associations between chronotype and emotion regulation

Negative Emotion Regulation Positive Emotion Regulation
SRA HF-HRV PEP SRA HF-HRV PEP
B sig B sig B sig B sig B sig B sig
Chronotype x Positive Affect -0.109 0.571 0.001 0.998 0.179 0.382 -0.046 0.809 0.092 0.637 -0.217 0.281

Adjusted for Age and Depressive Symptoms -0.143 0.477 0.030 0.882 0.268 0.203 -0.043 0.831 0.091 0.656 -0.253 0.228

SRA = self-reported affect; HF-HRV = high frequency heart rate variability; PEP = pre-ejection period
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Table 11 Conscientiousness does not moderate associations between chronotype and emotion regulation

Negative Emotion Regulation Positive Emotion Regulation
SRA HF-HRV PEP SRA HF-HRV PEP
B sig B sig B sig B sig B sig B sig
Chronotype x Conscientiousness -0.038 0.856 -0.054 0.798 0.150 0.499 0.129 0.537 0.348 0.094 -0.121 0.589

Adjusted for Age and Depressive Symptoms -0.042 0.843 -0.040 0.852 0.171 0.442 0.122 0.560 0.358 0.088 -0.129 0.570

SRA = self-reported affect; HF-HRV = high frequency heart rate variability; PEP = pre-ejection period
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Table 12 Extroversion does not moderate associations between chronotype and emotion regulation

Negative Emotion Regulation Positive Emotion Regulation
SRA HF-HRV PEP SRA HF-HRV PEP
B sig B sig B sig B sig B sig B sig
Chronotype x Extroversion -0.123 0.530 0.250 0.207 0.181 0.360 -0.227 0.242 0.022 0.911 -0.050 0.804

Adjusted for Age and Depressive Symptoms -0.121 0.547 0.254 0.214 0.194 0.333 -0.200 0.314 -0.001 0.995 -0.061 0.766

SRA = self-reported affect; HF-HRV = high frequency heart rate variability; PEP = pre-ejection period
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Table 13 Neuroticism does not moderate associations between chronotype and emotion regulation

Negative Emotion Regulation Positive Emotion Regulation
SRA HF-HRV PEF SRA HF-HRV PEP
B sig B sig B sig B sig B sig B sig
Chronotype x Neuroticism -0.015 0.940 0.214 0.291 -0.282 0.151 0.099 0.608 0.012 0.953 0.126 0.529

Adjusted for Age and Depressive Symptoms -0.020 0.919 0.218 0.289 -0.300 0.133 0.072 0.710 0.026 0.899 0.706 0.483

SRA = self-reported affect; HF-HRV = high frequency heart rate variability; PEP = pre-ejection period
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Tablel14 Interaction between time of day and chronotype predicting emotion regulation

Negative Emotion Regulation Positive Emotion Regulation
SRA HF-HRV PEP SRA HF-HRV PEP
B sig B sig B sig B sig B sig B sig
Chronotype x Time of day 0.057 0.744 0.347 0.047 0.194 0.261 0.190 0.277 0.027 0.878 -0.235 0.184

Adjusted for Age and Depressive Symptoms 0.061 0.730 0.351 0.048 0.189 0.271 0.175 0.325 0.034 0.848 -0.228 0.203

SRA = self-reported affect; HF-HRV = high frequency heart rate variability; PEP = pre-ejection period
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Figure 2 Mediation Model
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Figure 3 Procedural Schematic

Consent Online Field Assessment Laboratory Assessment Debriefing
* Informed Consent + 7-Day Diary * Emotion Regulation Protocol
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« MDQ

* PC-PTSD

MEQ = Morningness-Eveningness Questionnaire; AUDIT = Alcohol Use Disorder Identification Test; QIDS-16 = Quick 16-Item Inventory of
Depressive Symptoms; MDQ = Mood Disorder Questionnaire; PC-PTSD = Primary Care Post-Traumatic Stress Disorder Screen; CSM =
Composite Scale of Morningness.
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Figure 4
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Figure 6 Moderated Mediation Model (Hayes, 2013)
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Figure 7

Change in IIF-IIRV during Negative Emotion
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Figure 8

Change in HF-1IRV during Negative Emotion Regulation
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Appendix Tables

Table Al Correlations between self-reported affect, HF-HRV and PEP during “look” trials

SRA “Look” Trials HF-HRYV “Look” Trials PEP “Look” Trials
Neutral Negative Positive Neutral Negative Positive  Neutral Negative Positive

SRA Neutral - 0.378*** -0.066 0.000 0.132 0.038 0.058  0.038 0.029
SRA Negative - -0.335** 0.161  0.263* 0.175 -0.079  -0.072 -0.103
SRA Positive - 0.001  -0.024 0.029 -0.068 -0.102 -0.123
HF-HRV Neutral - 0.850*** 0.835*** -0.254* -0.157 -0.209
HF-HRV Negative - 0.770*** -0.168 -0.090 -0.162
HF-HRV Positive - -0.168  -0.088 -0.146
PEP Neutral - 0.754***  0.847***

PEP Negative - 0.932%***
PEP Positive -

SRA = self-reported affect; HF-HRV = high frequency heart rate variability; PEP = pre-ejection period; * p < 0.05, ** p <0.01, *** p < 0.001
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Table A2 Pearson correlations between SRA, HF-HRV and PEP during “reframe” trials

SRA “Reframe” Trials HF-HRYV “Reframe” Trials PEP “Reframe” Trials
Negative Negative Negative

SRA Negative - 0.259* -0.245*
HF-HRV Negative - -0.058
PEP Negative -

SRA = self-reported affect; HF-HRV = high frequency heart rate variability; PEP = pre-ejection period; * p < 0.05
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Table A3 Pearson correlations between SRA, HF-HRV and PEP during “enhance” trials

SRA “Enhance” Trials HF-HRYV “Enhance” Trials PEP “Enhance” Trials
Positive Positive Positive

Mood Positive - 0.059 -0.114
HF-HRV Positive - -0.067
PEP Positive -

SRA = self-reported affect; HF-HRV = high frequency heart rate variability; PEP = pre-ejection period
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Table A4 Pearson correlations between emotion requlation and alcohol measures

Average Daily Alcohol

AUDIT
N-ER-SRA -0.070
N-ER-HRV 0.108
N-ER-PEP 0.130
P-ER-SRA -0.069
P-ER-HRV 0.103
P-ER-PEP 0.025

-0.058
0.064
0.160

-0.111
0.086
0.033

AUDIT = alcohol use disorder identification test; N = negative; P = positive; ER = emotion regulation; SRA = self-

reported affect; HF-HRV = high frequency heart rate variability; PEP = pre-ejection period
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Table A5 Sex differences in alcohol use

Total Males Females Sig
Average Daily Alcohol 0.71+0.84 1.08+0.20 0.68+0.09 0.288
AUDIT Scores 541+3.87 6.00+4.02 510+3.78 0.288

AUDIT = alcohol use identification test
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Table A6 Sex differences in SRA, HF-HRV, and PEP during “look”, “reframe”, and “enhance” trials

Trial Type Outcome Image Type Total Males Females Sig
Neutral 522.64 +28.62 529.84+37.94 51930+2276 0.143
SRA Negative ~ 330.46 £79.25 372.01+90.08 311.22+66.16 0.001
Positive 648.65+70.75 646.36 +82.09 649.70+65.66 0.777
Neutral 699.55 + 877.87 721.30 + 860.58 689.48 + 893.58 0.882
“Look” Trials HF-HRV  Negative 667.27 £693.21 777.55+731.07 616.22+675.86 0.339
Positive 637.68 + 701.00 632.08 +579.91 640.28 + 755.57 0.962
Neutral 126.32+12.15 12827 +11.75 125.41+12.34 0.335
PEP Negative ~ 127.69+16.31 127.43+8.73  127.81+18.94 0.923
Positive 127.31+1597 127.71+10.78 127.11+18.00 0.878
SRA Negative ~ 485.41+92.92 497.97 +108.60 479.60+85.19 0.537
“Reframe” Trials HF-HRV  Negative =~ 610.20 + 627.19 698.48 + 654.29 569.33 + 616.18 0.398
PEP Negative ~ 125.68 +13.13 127.34+957  12490+1452 0.448
SRA Positive 728.37+63.34 718487211 732.95+59.02 0.284
“Enhance” Trials HF-HRV Positive 605.29 + 699.47 650.62 + 688.66 584.31 +709.84 0.698
PEP Positive 127.90+16.72 126.46+9.17  12859+19.33 0.603

SRA = self-reported affect; HF-HRV = high frequency heart rate variability; PEP = pre-ejection period

81



Table A7 Sex differences in negative and positive emaotion regulation

Total Males Females Sig
SRA 154.95 + 89.22 126.17 + 102.12 168.28 + 80.13 0.050
Negative Emotion Regulation HF-HRV -57.07 £ 427.47 -79.07 + 482.83 -46.89 + 403.76 0.758
PEP -2.01 £9.67 -0.09 £4.12 -2.91+£11.32 0.231
SRA 79.72 £ 51.05 72.12 +40.50 83.24 £ 55.24 0.371
Positive Emotion Regulation  HF-HRV -32.39 £ 355.92 18.53 £ 330.34 -55.96 £ 367.74 0.390
PEP 0.60 £ 6.05 -1.26 + 6.66 1.47 £ 5.60 0.062

SRA = self-reported affect; HF-HRV = high frequency heart rate variability; PEP = pre-ejection period
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Table A8 Associations between emotion regulation and alcohol

are not moderated by sex
Average Daily
AUDIT Alcohol

B sig B sig
Sex X N-ER-SRA 0.215 0.594 0.310 0.435
Sex X N-ER-HRV 0.354 0.367  -0.238 0.543
Sex x N-ER-PEP -0.942 0.329 -0.312 0.745
Sex x P-ER-SRA -0.783 0.153  -0.240 0.659
Sex x P-ER-HRV -0.719 0.340 -0.532 0.247
Sex x P-ER-PEP -0.479 0.232 -0.470 0.237

N = negative; P = positive; ER = emotion regulation; SRA = self-reported affect; HF-HRV =
high frequency heart rate variability; PEP = pre-ejection period
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Table A9 Pearson correlations between moderators and alcohol use

Average Daily Alcohol

AUDIT

Sleep Duration on Non-Free Days 0.028
Positive Affect 0.093
Conscientiousness -0.060
Extroversion 0.012
Neuroticism 0.036

-0.005
0.028
-0.165
0.164
-0.005

AUDIT = alcohol use identification test
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Table A10 Pearson correlations between moderators and measures of negative and positive
emotion regulation

Negative Emotion Regulation Positive Emotion Regulation
SRA HF-HRV  PEP SRA HF-HRV  PEP
Sleep Duration NF  0.077 0.182 -0.011 -0.030 0.074 0.004
Positive Affect 0.134 0.178 0.050 -0.130 -0.055 -0.235*
Conscientiousness -0.023 -0.038 0.044 0.080 -0.085 -0.089
Extroversion 0.047 0.000 0.100 0.110 -0.153 -0.037
Neuroticism 0.035 -0.016 -0.293* -0.180 0.003 0.299**

SRA = self-reported affect; HF-HRV = high frequency heart rate variability; PEP = pre-ejection period; NF = non-free * p < 0.05, ** p < 0.01
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Table A11 Associations between emotion regulation and alcohol are
not moderated by sleep duration on non-free days

AUDIT Average Daily
Alcohol

B sig B sig

TSTne X N-ER-SRA -0.111 0.361 -0.111 0.362
TSTnr X N-ER-HRV -0.020 0.864 0.086 0.474
TSTnr X N-ER-PEP 0.116 0.461 0.126 0.421
TSTnrF X P-ER-SRA 0.049 0.701 0.037 0.770
TSTnr X P-ER-HRV -0.069 0.579 0.021 0.868
TSTnr X P-ER-PEP -0.228 0.067 -0.104 0.407

TSTNF = sleep duration on non-free days; N = negative; P = positive; ER = emotion regulation; SRA =
self-reported affect; HF-HRV = high frequency heart rate variability; PEP = pre-ejection period
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Table A12 Indirect effects of chronotype on AUDIT scores via emotion regulation are not
moderated by sleep duration on non-free days

Conditional Indirect Effects

1 SD below Mean SDnr Mean SDnr 1 SD above Mean SDne
95% ClI 95% CI 95% ClI
N-ER-SRA -0.45 0.30 -0.14 0.53 -0.19 1.03
N-ER-HRV -1.05 0.14 -0.29 0.36 -0.04 0.99
N-ER-PEP -0.74 0.18 -0.38 0.18 -0.12 0.55
P-ER-SRA -0.62 0.22 -0.36 0.18 -0.34 0.34
P-ER-HRV -0.44 0.63 -0.27 0.57 -0.41 0.68
P-ER-PEP  -0.35 0.22 -0.17 0.36 -0.29 0.77

SD = standard deviation; SDyr = Sleep duration on non-free days; Cl = confidence interval; N = negative; P = positive; ER = emotion regulation;

SRA = self-reported affect; HF-HRV = high frequency heart rate variability; PEP = pre-ejection period
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Table A13 Associations between emotion regulation and alcohol
are not moderated by positive affect

AUDIT Average Daily
Alcohol

B sig B sig

PA x N-ER-SRA 0.101 0.390 -0.010 0.932
PA x N-ER-HRV -0.071 0.555 -0.089 0.459
PA x N-ER-PEP 0.047 0.731 0.153 0.261
PA x P-ER-SRA 0.121 0.298 0.002 0.985
PA x P-ER-HRV -0.019 0.872 0.100 0.388
PA x P-ER-PEP 0.116 0.331 0.228 0.054

PA = positive affect; N = negative; P = positive; ER = emotion regulation; SRA = self-reported

affect; HF-HRV = high frequency heart rate variability; PEP = pre-ejection period
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Table A14 Associations between emotion regulation and alcohol
are not moderated by conscientiousness

AUDIT Average Daily
Alcohol

B sig B sig
Con x N-ER-SRA -0.050 0.666 0.086 0.464
Con x N-ER-HRV -0.064 0.583 -0.003 0.978
Con x N-ER-PEP -0.106 0.380 -0.032 0.789
Con x P-ER-SRA -0.206 0.112 -0.060 0.647
Con x P-ER-HRV -0.029 0.800 0.072 0.538
Con x P-ER-PEP 0.168 0.149 0.170 0.147

Con = conscientiousness; N = negative; P = positive; ER = emotion regulation; SRA = self-reported

affect; HF-HRV = high frequency heart rate variability; PEP = pre-ejection period
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Table A15 Associations between emotion regulation and alcohol
are not moderated by extroversion

AUDIT Average Daily
Alcohol

B sig B sig
Ext x N-ER-SRA 0.028 0.808 -0.035 0.767
Ext x N-ER-HRV -0.060 0.611 -0.024 0.842
Ext x N-ER-PEP -0.053 0.697 0.024 0.864
Ext x P-ER-SRA 0.105 0.381 -0.063 0.606
Ext x P-ER-HRV 0.043 0.716 -0.079 0.512
Ext x P-ER-PEP 0.138 0.230 0.085 0.466

Ext = extroversion; N = negative; P = positive; ER = emotion regulation; SRA = self-reported affect;

HF-HRV = high frequency heart rate variability; PEP = pre-ejection period
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Table A16 Associations between emotion regulation and alcohol
are not moderated by neuroticism

AUDIT Average Daily
Alcohol

B sig B sig
Ner x N-ER-SRA 0.046 0.703 0.031 0.794
Ner x N-ER-HRV -0.082 0.533 -0.126 0.339
Ner x N-ER-PEP -0.012 0.956 -0.014 0.948
Ner x P-ER-SRA 0.118 0.351 0.158 0.210
Ner x P-ER-HRV -0.083 0.482 0.019 0.874
Ner x P-ER-PEP -0.174 0.158 -0.214 0.082

Ner = neuroticism; N = negative; P = positive; ER = emotion regulation; SRA = self-reported affect;

HF-HRV = high frequency heart rate variability; PEP = pre-ejection period
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Table A17 Pearson correlations between time of day and emotion regulation

Negative Emotion Regulation Positive Emotion Regulation

SRA HF-HRV  PEP SRA HF-HRV  PEP

Time of Day -0.072 -0.046 0.248* -0.053 -0.169 -0.058

SRA = self-reported affect; HF-HRV = high frequency heart rate variability; PEP = pre-ejection period; * p < 0.05
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Table A18 Indirect effects of chronotype on AUDIT scores via emotion regulation are not
moderated by time of day

Conditional Indirect Effects

1 SD below Mean ToD Mean ToD 1 SD above Mean ToD
95% ClI 95% CI 95% ClI
N-ER-SRA -0.35 0.85 -0.17 0.47 -0.34 0.43
N-ER-HRV -0.73 0.10 -0.29 0.35 -0.09 0.93
N-ER-PEP -0.46 0.83 -0.26 0.03 -0.31 0.41
P-ER-SRA -0.44 0.42 -0.26 0.16 -0.50 0.29
P-ER-HRV -0.89 0.58 -0.42 0.44 -0.43 0.82
P-ER-PEP  -0.17 0.69 -0.20 0.42 -0.60 0.42

SD = standard deviation; ToD = time of day; Cl = confidence interval; N = negative; P = positive; ER = emotion regulation; SRA = self-reported

affect; HF-HRV = high frequency heart rate variability; PEP = pre-ejection period
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Table A19 Difference in affective and autonomic measures between
neutral and emotional “look” trials

Neutral vs Negative Images Neutral vs Positive Images

t sig t sig
SRA 23.283 <0.001 -14.351 <0.001
HF-HRV 0.616 0.540 1.137 0.259
PEP -1.126 0.264 -1.009 0.316

SRA = self-reported affect; HF-HRV = high frequency heart rate variability; PEP = pre-ejection period
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