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Abstract
Sleep duration, quality, and consistency are associated with well-being and productivity.
College students struggle to achieve the right balance of sleep and research demonstrates
how this has severe repercussions on their physical health academic performance. The
effects of sleep consistency interact with emotional regulation (ER). This observational
study investigates the relationship between all three sleep characteristics and
inflammation, while exploring the mediating and moderating role of ER. Participants
included 138 undergraduate students (Females= 81 Males= 57). ER and sleep quality
were measured through self-reported questionnaires and inflammation through blood spot
analysis. Sleep consistency and duration were assessed using an Acti-Watch. In line with
our hypothesis, the results show that sleep consistency is the strongest predictor of
inflammation compared to sleep quality and duration. ER moderated this relationship
such that higher cognitive reappraisal resulted in a stronger relationship between sleep
inconsistency and inflammation. These results are consistent with newer research that
states the cognitive costs associated with ER contextualized by when and how
participants reappraise with regard to their emotional experience timeline. The study
underscores the importance of sleep consistency, specifically for college students’ overall
physical well-being and the role that ER can play to improve this relationship.
Keywords: sleep consistency, inflammation, emotional regulation, cognitive
reappraisal
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Sleep Consistency and its Relation to Inflammation: Identifying the Role of
Emotional Regulation
Introduction
Consistency in sleep habits is of vital importance to one’s health and wellbeing.
However, striving for the right balance of sleep is a struggle that is exacerbated in
college, when students take on new roles and responsibilities. Sleep among college
students, as a particular demographic group, is a widely researched topic that often
highlights the consequences of poor-quality sleep. Sleep patterns among college students
are often associated with grades and test scores (Eliasson et al, 2010; Gauntley 2010).
Multiple dimensions of sleep have been assessed, including duration, wake up times and
consistency of sleep schedules, with the evidence suggesting that later wake up times and
inconsistent sleep habits are associated with lower grade point averages (Trockel et al,
2010; Chiang et al 2017). Apart from GPA as an outcome variable, the impact of sleep
loss is also linked to affective dysregulation, increased alcohol and drug use and an
increased risk of obesity (Owens et al, 2014). On the other hand, adequate sleep duration
and appropriate timings have been linked to multiple benefits, both physiological and
cognitive, and there have been numerous studies that have attempted to demonstrate these
benefits through various intervention designs (Dewald-Kaufmann et al 2013; Banks and
Dinges, 2007).
Characterizing Sleep and its Association
Sleep can be characterized by three main dimensions: sleep duration, quality, and
consistency (Buysse, 2014). The most commonly assessed index for duration is “total
sleep time” which is operationalized as the time in bed subtracted by the amount of time

SLEEP CONSISTENCY AND INFLAMMATION

4

needed to fall asleep and the amount of time spent awake during the night (Hall et al
2007). Sleep quality refers more to the qualitive and subjective impressions of one’s sleep
and is, therefore, typically assessed through self-reporting measures (Buysse et al, 1989;
Hall, 2010). Sleep consistency is the amount of variability in a person’s sleep patterns
over a period of time. Consistence can be characterized in terms of variation in timing of
sleep, total sleep time, and wake-up times. A large part of current research focuses on
sleep duration and quality. Overall evidence suggests that while both sleep quantity and
quality have a variety of outcomes on physical and psychological health measures,
quality is a more predictive measure with regard to health problems and academic
performance (Dewald et al, 2010; Litwiller et al, 2017; Pilcher & Ott, 1998).
Among the different dimensions of sleep quality, sleep consistency is not as
widely studied compared to sleep duration and quality. At the same time, sleep
inconsistency is usually much higher in the case of adolescents and young adults (Okano
et al, 2019). This can be explained by the delayed sleep syndrome, which is when one has
later wake-up times on the weekends, resulting in sleep debt accumulation and excessive
sleepiness, and hence, lower productivity during the week (Brown et al, 2001; Reid et al,
2002). Moreover, college students have much more variability in their schedules as
compared to working adults. Finally, the literature regarding sleep consistency among
college students focuses on academic performance where greater consistency of sleep is
associated with higher grades (Okano et al, 2019; Haraszti et al, 2014; Diaz-Morales and
Escribano, 2015).
Both sleep consistency and sleep sufficiency are necessary for better health
outcomes including reducing psychological strain (Barber et al, 2010). Sleep
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inconsistency predicts fatigue and negative moods (Dahl and Lewin, 2002; Manber et al,
1996). Sleep consistency and duration also interact. Sleep consistency was found to
moderate the relationship between sleep duration and cognitive functioning for college
students, such that the association between duration and attention was stronger when
sleep duration was consistent (Whiting & Murdock, 2016). In terms of habitual
differences, maintaining a consistent sleep schedule is more of a long-term resource
enhancement approach compared to sleep duration, which is viewed as short-term.
Therefore, both are important, and the benefits are optimized when they are
complimented by one another.
The sleep dimensions described above can be measured both subjectively, by selfreporting scales, and objectively by the use of sleep monitoring devices. The Pittsburgh
Sleep Quality Index (PSQI) developed by Buysse et al is one of the most widely used
instrument in assessing sleep quality (Buysse et al, 1989). However, due to its
subjectivity, there can be inconsistencies in self-reported data. Actigraphy which uses
activity -based monitoring, is an objective, non-intrusive method of estimating sleep
patterns (Sadeh et al, 2002). There has been an increase in the use of actigraphy across
sleep research domains due to the unique information gained aside from participant
reported sleep logs (Smith et al, 2018). Previous research has demonstrated the reliability
of sleep parameter estimates from actigraphy when compared to subjective measurements
of sleep (Lockley et al, 1999). Hence, the present research study uses an actiwatch to
measure participants’ sleep patterns, particularly duration and consistency, due to the
demonstrated benefits in prior literature and actigraphy to analyze sleep patterns.
Sleep and Inflammation
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The effects of sleep on health have been widely researched in many different
population demographics with large implications for both our biological and
psychological health. Most of the research has been focused on sleep duration or quality
and not on other variables such as timing and consistency. Moreover, few studies have
systematically examined all three dimensions of sleep simultaneously. Higher variability
in sleep schedules is associated with the prevalence of hypertension, higher blood
pressure and higher incidence of metabolic abnormalities (Abbot et al, 2019, Huang and
Redline, 2019, Taylor et al, 2016). Higher irregularity in total sleep time is also
associated with higher probability of having depression (Slavish et al, 2019). In these
studies, the results are presented after controlling for sleep duration as well. A systematic
review examining the influence of sleep consistency on health outcomes depicts
overwhelming evidence as to the direct relationship between variability in sleep and
BMI, weight gain and depression, among other health outcomes (Chaput et al, 2020).
In the current study, we focus on inflammation as an outcome. Inflammation is
related to both short and long-term mortality (Marsik et al, 2008). C-reactive protein
(CRP) is the prototypical acute-phase response protein that increases during systemic
inflammation and is currently one of the most frequently studied inflammation markers in
epidemiology (National Center for Biotechnology information; Marsik et al, 2008). CRP
concentrations are correlated with disease activity and progression and are predictive of
cardiovascular morbidity (Hirschfield et al, 2003; Meier-Ewert et al, 2004). This is due to
the fact that the function of CRP is to help the innate immune response against infectious
pathogens.
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Extant evidence suggests that the relations between sleep duration and mortality is
mediated by markers of inflammation such that elevated levels of IL-6 explain the
mortality risk that is associated with shorter sleep (Hall et al, 2015). Additionally, longer
sleep durations are associated with elevated CRP levels and sleep loss also induces a
proinflammatory cytokine response and results in elevated high-sensitivity CRP
concentrations (Patel et al, 2009, Irwin et al 2006; Meier-Ewert et al, 2004). This
highlights how any extreme sleep patterns, either too much or too little sleep, are
associated with markers of inflammation. One likely mechanism is that sleep loss is
associated with increased sympathetic activation and a pro-inflammatory response due to
it having effects on blood pressure, heart rate and altered metabolic signaling (Hall et al,
2015). Sleep also exerts a strong regulatory influence on immune function which is
associated with pro-inflammatory markers (Besedovsky et al, 2012). Most of the
research in this field has been conducted by looking solely at sleep duration.
Additionally, the populations studied are usually older. There is a dearth of literature
about inflammation and sleep consistency in younger populations, especially college
students. The present study aims to fill this gap by looking at the effects of sleep
consistency and variability on an objective health parameter such as inflammation, and in
particular CRP concentrations.
Emotional Regulation, Sleep and their Interactions
Emotional regulation (ER) refers to how individuals try to control the emotions
they have, when they have them and how these emotions are experienced or expressed
(Gross and John, 2003). These coping strategies might be relatively automatic and
subconscious, or conscious. The dominant model of ER focuses on two primary
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components: cognitive reappraisal and expressive suppression. Cognitive reappraisal is
an antecedent-focused strategy where individuals are involved in “construing a
potentially emotion-eliciting situation” to change the emotional and mental aftereffect.
Expressive suppression instead is a response-focused strategy that takes the form of
“response modulation” to inhibit on-going emotional behavior (Gross and
Levenson,1993). Evidence suggests that of the two, suppression is associated with
increased sympathetic activation of the cardiovascular system (Gross and John 2002;
Gross and John 2003; Gross and John 2004).
Other research suggests that reappraisal is correlated with lower cortisol and heart
rate, as a measure of stress reactivity and better cardiovascular responding as well.
(Carlson et al, 2012; Mauss et al, 2007; Ray et al 2005; Memdovic et al, 2010).
Suppression, on the other hand, is correlated to increases in heart rate and higher anxiety
(Hoffman et al, 2009). These studies show that as individuals use suppression to control
their emotional behavior externally, there is a series of biological reactions that takes
place internally, which could potentially be as harmful for one’s well-being. At the same
time, however, recent work suggests that suppression may not always be negative.
Reappraisal has shown to buffer the negative effects of suppression in Asian cultures,
where suppressing emotional displays is actually valued in terms of maintaining harmony
in the community (Yeh et al, 2017). It has been observed that suppression is actually
effective in reducing depressive symptoms for Asian cultures (Yuan et al 2014).
Sleep affects daytime mood and emotional reactivity, while emotions experienced
during the day affect nighttime sleep (Gruber & Cassoff, 2014; Kahn et al, 2013).
Emotional centers of the brain are partly dependent on the homeostatic sleep system,
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where sleep deprivation results in lower connectivity and therefore poorer executive
functioning and higher emotional reactivity. Emotional reactivity is also linked to the
activation of the sympathetic nervous system which then results in poor sleep. Research
suggests that even one night of sleep loss has shown to result in an increased failure to
inhibit a response to negative stimuli the next day and decreased ability to regulate
negative emotions (Anderson and Platten, 2001; Baum et al, 2014). Maladaptive ER is
also presented as a mediator between sleep quality and depression further validating how
sleep can result in the disturbance of emotional regulatory mechanisms (Gruber &
Cassoff, 2014; O’Leary et al, 2017). The specific physiological processes taking place
here have not been identified, but it is clear that emotional systems have the ability to
override the normal homeostatic and circadian circuitry due to the way emotional inputs
shape these drives and pathways (Saper et al, 2005).
Evidence suggests how emotional factors are related through inflammation where
higher levels of negative emotional states are linked to higher inflammation and positive
emotional states are associated with lower inflammatory activity (Everson-Rose& Lewis,
2005; Steptoe et al, 2005). However, these studies look at psychosocial factors such as
anxiety, happiness and distress, and not directly at ER. There has been relatively little
research done in regard to the direct relationship between ER and inflammation. The
extant amount of evidence shows that reappraisal is associated with lower levels of
inflammation and suppression with higher levels of inflammation (Appleton et al, 2013).
Here, the adaptive properties of ER prove to have a positive effect on inflammation.
In addition to serving as a potential mediator, ER competencies may also
moderate the relations between sleep and inflammation. Cognitive Reappraisal has been
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found to moderate the relationship between sleep duration and inflammation, whereby
higher levels of reappraisal strategies during conflict protected couples who slept less
from inflammation (Wilson et al, 2017). In addition, coping strategies have also been
shown to moderate the relationship between sleep and stress, where better coping
mechanisms result in better sleep quality during high stress periods (Sadeh, 2004). These
findings suggest that the negative outcomes associated with sleep and health can be
lessened by using adaptive ER strategies.
The Purpose of the Current Study
In the present study, we examine the relationship between sleep characteristics,
emotional regulation and inflammation among college students. Given the abundance of
research on sleep duration, we focus specifically on the unique contribution of sleep
consistency. Moreover, sleep consistency might also be considered a more applicable
variable to look at when it comes to college students because of the increased variability
of sleep for this particular demographic (Buboltz et al, 2009). We hypothesize that above
and beyond sleep duration and quality, sleep inconsistency would be associated with
higher levels of inflammation. Additionally, we hypothesize that sleep consistency will
be the strongest predictor of inflammation compared to duration and quality, due to the
increased importance for this particular demographic as well.
The second goal of the current study is to explore the role of emotion regulation
strategies, specifically reappraisal and suppression in the relationship between sleep and
inflammation. Specifically, we look at ER as both a potential mediator and moderator
given the extant research that emotional and cognitive control processes can becomes
dysregulated in the context of sleep disruptions. We examine the moderating role of ER
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toward the relationship of sleep and physical health as research suggests it has the
potential to mitigate the detrimental effects of sleep on outcomes (Kinnunen et al, 2005).
We hypothesize that sleep consistency would be a stronger predictor of inflammation in
the context of low reappraisal and high suppression. The conceptual models for the
hypothesis are in Figures 1 and 2.
Methods
Participants
The participants of this study consisted of 140 undergraduate (Mage = 20.7 years;
SDage = 0.9 years; Female = 81, Male = 57). The sample was ethnically diverse (Asian
or Asian American 9.3%; Black or African American 32.9%; White: 48.6%; Hispanic or
Latinx 2.9%; Middle Eastern or North African 0.7%; more than one race or not reported
5.7%). Participants also reported on their primary caregivers’ income and education level.
They were socio-economically diverse, with 60% of participants having family incomes
below $75,000 and 30% of participants having parents with a bachelor’s degree.
Participants were given course credit for their introductory psychology courses in
exchange of participation in the study. In addition to the course credit, participants were
compensated $30 for providing sleep data by wearing an Actiwatch and $10 for
providing their blood spots. The Institution’s IRB provided human subjects approval.
Design and Procedure
The present study uses an observational research design to examine the
relationships among the main variables of interest (sleep consistency, emotional
regulation and inflammation) from a larger study on college students’ physical and
mental wellbeing. The predictor variable is sleep consistency and the outcome variable is
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inflammation. We also examine emotion regulation strategies as potential mediators and
moderators of the relationship. The study consisted of two lab visits, separated by a week
and the monitoring of sleep during the course of that week. Upon arrival to the first lab
visit, participants were first briefed and then gave written consent to participate in the
study (Appendix A). The first lab visit lasted approximately three hours during which a
research assistant guided the participants through a variety of structured tasks. Only
procedural details relevant to the current study will be described here.
In the first visit, a trained research assistant first measured the height and weight
of the participants. They were then asked to complete the multiple surveys on an iPad
including the Emotional Regulation Questionnaire and the Pittsburgh Sleep Quality
Index. Further details about these surveys are provided below. Next, the participants were
invited to participate in the sleep component of the study. They were told that they would
be required to wear an Actiwatch for the duration of a week and log their sleep habits in a
daily sleep diary. Once they agreed, they were briefed on how to use the watch and had to
sign an agreement with the details of their tasks (Appendix B). They were then given a
Philips Actiware Actiwatch to wear immediately and a sleep diary to log their sleep
patterns. They were then asked if they would be comfortable providing blood spots for an
additional $10. If they agreed, a trained research assistant took five blood spots from the
finger of the participants. Blood spots were sent to the University of Washington where
they were analyzed. At the end of the visit, participants were debriefed, after which they
scheduled a time for their second visit a week later.
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During the course of the week following the first visit, participants had to wear
the watch at all times. They also had to complete a sleep diary twice a day with prompts
that asked them about the quality of their sleep (Appendix C).
The second lab visit lasted approximately half an hour. A trained research
assistant processed the information from the Actiwatch and then explained the
participants’ sleep trends using an actigraph. The participants then handed over their
sleep diary with the logs of their sleep and they were free to leave.
Measures
Sleep duration consistency
Sleep data from the Philips Actiwatch 2 was downloaded onto the corresponding
companion program. Trained data cleaners obtained a spreadsheet from the Actiware
program that contained all of the relevant data stored on the watch. Only the most
relevant information was extracted from these spreadsheets and stored in an official
datafile. Two trained Ras cleaned and quality checked each other’s work to ensure that all
essential data was properly extracted. Sleep duration was measured by the total sleep time
of the participants sleep in one night. It was calculated by taking the average sleep
duration of the 7 days that the participants wore the watch for. Sleep onset was the time at
which participants went to sleep. Sleep consistency was measured by taking the standard
deviation of sleep onset time.
Sleep Quality
Sleep quality was measured by the Pittsburgh Sleep Quality Index (PSQI). The
PSQI is a self-rated questionnaire which assesses sleep quality and disturbances over a
one-month interval (Buysee et al, 1998). There are nineteen individual items which
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generate seven component scores: subjective sleep quality, sleep latency, sleep duration,
habitual sleep efficiency, sleep disturbances, sue of sleeping medication and daytime
dysfunction. The sum of scores for these seven-component yield one ‘global’ score. For
the purposes of this study, only the first component will be used - subjective sleep
quality. The question for this component is, “During the past month, how would you rate
your sleeping quality overall?” The scoring for this scale and the entire questionnaire has
been attached in Appendix D with values ranging from 1-4. The higher the overall score
for the component, the worse the participant’s sleep quality.
Emotional Regulation
Emotional Regulation (ER) is measured by the Emotional Regulation Questionnaire
(ERQ) that participants filled out (Gross and John, 2003). The ERQ is a 10-item selfreport measure of two emotion regulation strategies: cognitive reappraisal and expressive
suppression. ERQ cognitive reappraisal scores (α = .89-.90) and expressive suppression
(α = .76-.80) scores have high levels of internal consistency reliability. In the present
study cognitive reappraisal scores (Cronbach α = .85) and expressive suppression
(Cronbach α = .75) scores had high levels of internal consistency and reliability as well.
Reappraisal factors include items such as: I control my emotions by changing the way I
think about the situation I’m in; when I want to feel less negative emotion, I change the
way I’m thinking about the situation; when I’m faced with a stressful situation, I make
myself think about it in a way that helps me stay calm. Suppression items include: I
control my emotions by not expressing them; I keep my emotions to myself; when I am
feeling positive emotions, I am careful not to express them. The entire scale is attached in
Appendix D. The responses were rated on a Likert Scale from 1 (strongly disagree) to 7
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(strongly agree). Items 1,3,5,7,8, and 10 make up the Cognitive Reappraisal facet and
items 2,4,6 and 9 make up the Expressive Suppression facet. Scoring is kept continuous
and each facet’s score is kept separate.
Inflammation
Dried blood spots samples (DBSS) were sent to the University of Washington for
analysis. UW has adapted established clinical chemistry laboratory methods for use in
microtiter plate-based (MP) assays of reliquefied dried blood eluted from DBSS. DBSS
are analyzed on an MP assay to obtain DBS direct analyte concentrations. As a measure
of inflammation, we assessed an equivalent of C-reactive protein (CRP). The level of
CRP increases when there’s inflammation in your body.
Body Mass Index
Because BMI is significantly correlated with inflammation, we also assessed BMI
and used it as a control. Body Mass Index (BMI) was calculated by dividing the weight
of participants (in kg) by their height squared (in m). A trained RA took the
measurements of height and weight of the participants when they entered the laboratory.
Results
Preliminary Analyses
All the variables were first examined in terms of their distribution. This included
looking at outliers, normality, and missing data. There was a total of 138 participants in
the study. Cognitive reappraisal and expressive suppression were normally distributed in
terms of skewness and kurtosis. The CRP equivalent was not normally distributed due to
12 outliers. Therefore, the variable was winsorized in order to limit these extreme values.
After this transformation, CRP was normally distributed. The descriptive statistics for all
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the measures are shown in Table 1. For sleep consistency, the standard deviations of
sleep time were computed. These standard deviations were centered at midnight and
calculated in minutes. For the ERQ, the subscales of cognitive reappraisal and expressive
suppression were looked at individually.
In order to determine relations among variables, we conducted bivariate
correlations for sleep consistency, sleep duration, sleep quality, cognitive reappraisal,
expressive suppression and inflammation. These results can be seen in Table 2.
Inflammation had a positive, moderate correlation with sleep inconsistency (r(136)=.26,
p = 0.002) such that higher sleep inconsistency is associated with higher inflammation.
Sleep quality was correlated with expressive suppression (r(136)=.18, p = 0.037).
Therefore, the higher a participant’s emotional suppression is, better their sleep quality.
This is an unexpected result due to previous findings showing that suppression arouses
physiological symptoms that result in worse sleep (Hoffman et al, 2009).
In terms of demographic variables, sex was moderately correlated with cognitive
reappraisal (r(136) = .18, p = 0.034). Socio-economic status was correlated with sleep
quality, where higher SES is associated with lower sleep quality ((r(136) = -.22, p =
0.009) and with sleep duration (r(136) = .20, p = 0.016). These results are also presented
in Table 2. Though our statistical analysis hasn’t shown this, prior research has shown
that race is associated with health outcomes and sleep patterns. Therefore, these variables
will be controlled for analyses.
Additionally, BMI was moderately correlated with suppression (r(136) = .228, p
= 0.007) and sleep duration (r(136) = -.191, p = 0.025), such that high BMI is associated
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with higher levels of suppression and lower sleep duration. BMI will therefore be
controlled for in all the models.
Which sleep variable was the strongest predictor of inflammation?
Linear regression analyses were conducted to examine the main effect of whether
or not sleep quality, sleep duration and sleep consistency, significantly predicted
inflammation. Table 3 reports the summary of results from the regression analysis. The
results were significant with sleep consistency predicting inflammation levels, b = .25,
t(138) = 3.77, p = 0.002. Sleep consistency explained the variance in inflammation levels,
R2 = .132, F(6,131) = 3.31, p = 005. Race, sex and SES were controlled for in all the
models. For every 1 unit increase in sleep inconsistency, inflammation increased by .25
units.
The results for sleep duration and quality predicting inflammation were not
significant.
Did emotional regulation moderate the relationship?
Next, we used the SPSS macro PROCESS (Hayes, 2013) to model the
relationship where ER moderates the influence of sleep consistency on inflammation. In
particular, we hypothesized that when there is lower ER, sleep inconsistency will be a
stronger predictor of inflammation. To test the moderating role, two separate models
were run, one for cognitive reappraisal and the other for expressive suppression. All the
models controlled for race, biological sex, SES and BMI. Additionally, sleep duration
was also controlled because of the abundant research that states how the two are
associated (Barber et al, 2010). For expressive suppression, the interaction term was not
significant, suggesting that suppression did not moderate the relations between sleep
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consistency and inflammation. On the other hand, cognitive reappraisal did moderate the
relationship between sleep consistency and inflammation with the interaction term being
significant. Specifically, the patterns of the results were accentuated in the context of
high cognitive reappraisal, illustrated in Figure 3. Thus, when there is higher emotional
regulation, the effect of sleep inconsistency is a stronger predictor of inflammation. The
entire results from this model can be viewed in Table 4.
Did emotional regulation mediate the relationship?
We used the SPSS macro PROCESS (Hayes, 2013) to model the relationship
where ER mediates the influence of sleep consistency on inflammation. To test the
mediating role, two separate models were once again run separately for reappraisal and
suppression. The relationship between sleep and inflammation was not mediated by either
reappraisal or suppression with the indirect effects being statistically insignificant.
Discussion
Research regarding college students sleep and their corresponding physical and
psychological well-being is extremely important in understanding the mechanisms that
result in better overall health. Prior studies have examined the association of ER and
sleep, but very few studies have tried to test ER as potential mediating and moderating
mechanisms between sleep predicating health outcomes, while simultaneously examining
consistency, quality and quantity. Consistent with our first hypothesis, the results of this
study showed a main effect of sleep consistency predicating inflammation in participants.
Additionally, a moderating role was found with regard to ER, but the effect was the
opposite of what we hypothesized in the beginning of the study. Our results showed that
as cognitive reappraisal increased, sleep inconsistency was a stronger predictor of
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inflammation. These findings were contradictory to the majority of research which
establishes that cognitive reappraisal is associated with healthier patterns of affect and
well-being compared to suppression (Cutuli, 2014). However, the findings are consistent
with other research that demonstrate that cognitive regulation strategies can have costs
that could be associated with sleep and subsequent physical health (Sheppes & Meiran,
2008). Hence, our study yields important contributions to this under researched field.
The main effect of inconsistency on inflammation is consistent with previous
research that demonstrates how sleep consistency is a predictor of physical health
(Chaput et al, 2020). These results also show the important health implications associated
with higher sleep inconsistency. CRP levels have been shown to be predictive of
cardiovascular morbidity among other health outcomes, therefore highlighting why sleep
consistency should be addressed more widely in younger populations (Hirschfield et. Al,
2003). For college students in particular, sleep patterns vary a lot more on a day to day
basis, due to social engagements, assignments and projects. Therefore, it is important to
understand the effects that these habits could have on long-term physical and emotional
health. Neither sleep duration or quality were significant in predicting inflammation,
which also highlights the importance of variability in sleep as a measure compared to just
looking at overall quantity and quality.
Our results also suggested that ER, specifically reappraisal, plays a moderating
role in the relationship between sleep consistency and health outcomes. Although the
results were inconsistent with our hypothesis, it is not completely out of line with
previous research. Previously, based on Gross’s model, reappraisal as an antecedent
focused strategy, takes place before the onset of emotion and therefore does not tax self-
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control recourses (Gross, 1998). Recent literature however, illustrates that reappraisal
can take place later in the emotional process and when it does, it is associated with
increased sympathetic activation (Sheppes et al, 2009). Our measure of ER is a trait
measure, and captures the tendency to use such strategy, but doesn’t shed light on the
specifics of when and how it is being utilized. Moreover, some researchers have also
argued that people often use reappraisal unsuccessfully, thus eliminating the benefits that
are associated with this coping strategy. It is therefore important to consider the costs
associated with reappraisal, and how they might sometimes offset the benefits associated
with ER as well (Ford & Troy, 2019). Taking these perspectives into consideration within
the context of our study, our results suggest that the effects of reappraisal are complex,
and we need to consider not whether just people use it, but when and its relative
effectiveness.
Finally, our mediation model was also not significant. One possibility may be the
timing where ideally, we would require three separate time points for each of the three
variables. However, in our study we are measuring the effects of ER on sleep that is
being logged after the ERQ was filled out, based on the assumption that ER is a trait.
Moreover, past research has focused on mood and we draw on this literature for our
mediational hypothesis, but while regulatory processes are related to mood dysregulation,
they are not the same variable, and the underlying processes may be different.
Limitations and Future Directions
The current study has several notable strengths. First our measures of sleep
consistency (actigraphy) and physical health (CRP levels) are objective and reliable. Our
relatively large and diverse sample size also offered some possibility of generalizability
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at least among a college students. However, some limitations should also be considered
when interpreting the findings of our study. First, the study was limited by its use of selfreported measures of emotional regulation which makes it susceptible to bias and
memory errors. Also, though the sample was representative in terms of race and socioeconomic status, it was more skewed toward educated, higher socio-economic status
families. The sample could also be more racially diverse since over 40% of the
participants identified as white. Future studies could mitigate this limitation by
specifically recruiting participants from diverse backgrounds to have a more
representative sample.
Lastly, another limitation of this study is its reliance on a correlational design and,
therefore, no causal relationships can be assumed between sleep, ER and inflammation.
Random assignment to different sleep conditions would be extremely hard to implement
in this study due to the physical and psychological outcomes spoken about previously.
However, having some sort of a longitudinal measure might be able to capture changes in
sleep consistency better, thus identifying a causal relationship.
Conclusion
The present study highlights the importance of sleep inconsistency in predicting
health among college students, thus laying the foundation for targeted interventions.
Understanding the contribution of various facets of sleep is important for colleges
administration to consider while developing policies and creating programs to foster
positive student health. We also found that reappraisal moderated the relations between
stress and inflammation in unexpected ways, thus underscoring the importance of further
research in this arena.
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Appendix A
INFORMED CONSENT FOR PARTICIPATION IN A RESEARCH STUDY AT
THE CLAREMONT COLLEGES

TITLE OF STUDY: Advancing Research on College Health Study PRINCIPAL
INVESTIGATORS: Stacey Doan, Ph.D., and Patricia Smiley, Ph.D.

Invitation to Participate and Description of Project
You are invited to participate in a research study to investigate how various experiences
influence changes in physical health during the college years. You were selected as a
possible participant because you are a first-, second-, or third-year student at the
Claremont Colleges, are 18 years of age or older, and are participating in an introductorylevel psychology course at a Claremont College.
In order to decide whether or not you wish to be a part of this research study you should
know enough about its risks and benefits to make an informed judgment. This consent
form gives you detailed information about the research study, which a member of the
research team will discuss with you. This discussion should go over all aspects of this
research: its purpose, the procedures that will be performed, confidentiality of data we
collect, any risks of the procedures and possible benefits, as well as the voluntary nature
of your participation. Once you understand the study, you will be asked if you wish to
participate; if so, you will be asked to sign this form.
Description of Procedures
If you decide to participate in this research study, you will be asked to complete one labbased baseline visit for two and a half (2.5) research participation credits on SONA
Systems. At your visit, you may also elect to provide hair samples for $10 and blood spot
samples for $10. You are also eligible to participate in an optional weeklong sleep and
smartphone use assessment following your visit, for which you will receive $30 in
monetary compensation. Therefore, you are eligible for two and a half (2.5) SONA
credits and a total of $50 for completing the entire baseline phase. In addition, we will
contact you one to two years later for a follow-up visit of a similar nature, for which you
will receive further compensation. These visits will occur on campus at the Applied Mind
and Health Lab in Seaman Hall at Claremont McKenna, Room 101. For the baseline
visit, you will be asked to complete a set of questionnaires about your background,
health, health behaviors, attitudes, stress, substance use, financial situation, and beliefs.
We will take some physiological measurements, such as your height, weight, and lung
functioning. We will also ask you to complete academic, cognitive, and emotion-based
tasks, in addition to a brief interview about your social background. We will be

SLEEP CONSISTENCY AND INFLAMMATION

36

measuring your bodily physiological reactions using adhesive electrode stickers and a
blood pressure machine.
Lastly, we would like to collect biological samples from you, which will include saliva.
You are also eligible to receive an additional $10 for providing blood spot samples and/or
$10 for providing hair samples, but this portion is completely optional. An optional
week-long homebased sleep assessment will follow each lab visit, and will require you to
wear a wrist- watch-like device continuously for a week. You will be asked to complete
accompanying sleep logs each morning and night. The logs are brief and can be
completed in approximately five to ten minutes. You will also complete a set of
questionnaires at home, which will be emailed to you by a member of the research team.
When you return the watch after seven days, we will provide you with a full sleep and
activity report, as well as administer a well-validated personality assessment with an
immediate score report.
The follow-up visit will take place one to two years later, and will last approximately
three hours. You will take part in many of the same procedures as in the baseline visit,
including the survey questionnaires, physiological measurements, visit tasks, biosamples,
and assessments for sleep, smartphone use, and personality. You will receive monetary
compensation for completing this follow-up visit. In addition, this study will use
information from your college academic records and your application to college to link
grades and academic achievement to health outcomes. This will allow us to consider the
role of things like high school GPA, ACT scores, and college GPA as predictors of health
and well-being. If you agree to participate, the researchers will request your academic
records from the Registrar’s office and/or the Office of Institutional Research after the
study has been completed, and will provide a copy of this consent form as proof of your
written permission to access your academic records.
Risks and Inconveniences
There are minimal risks associated with this study. Risks include mild emotional distress
during the questionnaires. The physical risks associated with the lab visit are minimal,
and are similar to those you might experience during a general physical exam. There is a
very small risk of infection at the site of the needle stick when drawing blood spots. You
may also experience pain or bruising from the stick, and on rare occasions fainting.
Biological assessments conducted in the lab can also be inaccurate. This inaccuracy could
be problematic if, for example, a blood pressure reading was incorrectly high, leading to
unnecessary anxiety and clinical follow-up. Nevertheless, we will make every effort to
minimize any emotional or physical distress you may experience.
Participation in the academic tasks could increase blood pressure. Although very unlikely
in this setting, an increase in blood pressure can have adverse health consequences. If
your blood pressure is higher than a certain cutoff, we will not continue further with the
tasks. Although collection of saliva samples is a non-invasive procedure, some subjects
may experience discomfort as a result of the procedure. Some participants may find
expelling saliva to be embarrassing or unpleasant. Tests of saliva samples could provide

SLEEP CONSISTENCY AND INFLAMMATION

37

sensitive information, but the tests we plan to conduct in this study will not yield that
kind of information. Although confidentiality will be protected by keeping identifying
information separate from the rest of your data, and all of your data will be identified
only with a code number there is always a small chance that study information could
become known to someone who is not involved in the study. Such a breach of
confidentiality could result in damage to an individual's reputation, but the chances that
this will happen are very small.
We will help you feel comfortable with the initially new surroundings and with the
equipment we use. We will explain all procedures thoroughly and will continue to ask
how you are feeling.
Benefits
After the conclusion of your lab visit and optional home-based sleep assessment, we will
provide you with certain health indicators such as your blood pressure measurements,
lung functioning, and risk for sleep disorder. If you elect to participate in the optional
home-based portion of the study, you will also receive results from your weeklong sleep
assessment and a customize personality assessment report. Aside from this, there are no
further benefits to you for participating in this research study. Your participation in the
study will contribute to scientific knowledge about health and wellbeing in college.
Ultimately, we hope to develop positive health and sleep practices for college students.
Economic Considerations
You will receive two and a half (2.5) course credits on SONA Systems after the
conclusion of your first lab visit, and can receive an additional $20 for providing both
blood spot and hair samples. If you elect to participate in the optional home-based portion
of the study, you will also receive $30 after completing the health measures and homebased sleep assessment. Therefore, you are eligible to receive two and a half (2.5) course
credits and a total of $50 for the baseline assessment. At the follow-up assessment one to
two years later, you will eligible to receive further compensation. Signing this consent
form also allows the investigators to contact you to invite your participation in additional
follow-ups. Such assessments would be consented and compensated separately, and as
always you would be free to decline participation in any part of the study.
Confidentiality
We will take necessary steps to carefully preserve your privacy and anonymity. Any
identifiable information that is obtained in connection with this study will remain
confidential and will be disclosed only with your permission or as required by U.S. or
State law. Examples of information that we are legally required to disclose include abuse
of a child or elderly person, or certain reportable diseases.
If you change your mind about participating, you can withdraw at any time during the
study, and can withdraw from certain aspects of the study you do not wish to complete.
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Your participation is completely voluntary. If you choose to withdraw, your data can be
withdrawn as long as it is identifiable. Your decision about whether or not to participate
or to stop participating will not jeopardize your future relations with the Claremont
Colleges. If during one of the study visits you decide to withdraw, you will still be
compensated for eligible aspects of the protocol that you completed.
Your privacy will be protected. Any information obtained in connection with this study
will remain confidential. Information obtained through your participation may be used to
help us learn more about how positive and negative life experiences influence the way
our bodies function. It will also help us to learn more about how mental and physical
health changes during the college years. This information will be published in
professional journals and presented at professional meetings. Some information relating
to your participation in this study will be stored in a computer. To protect this
information from unauthorized disclosure, tampering, or damage the file will be
password protected and only authorized users will have access. Your health information
will be held by researchers at Claremont McKenna College and Pomona College.
Voluntary Participation and Withdrawal
You are free to choose not to participate and, if you do participate, you are free to
withdraw from this study at any time during its course. Initial consent does not obligate
you to participate in these same studies at any other time. If you choose not to participate
or if you withdraw it will not harm your relationship with Claremont McKenna College
or Pomona College.
All video and audio files will be kept five years after the study ends and then will be
destroyed. If you have any concerns about recording, please direct them to a research
team member. However, you may request that the recordings be erased at any time.
Questions
We have used some technical terms in this form. Please feel free to ask about anything
you don't understand and to consider this research and the consent form carefully – as
long as you feel is necessary – before you decide.
Authorization
I have read (or someone has read to me) this form and have decided to participate in the
project described above. Its general purposes, the particulars of involvement and possible
hazards and inconveniences have been explained to my satisfaction. My signature below
indicates that I am giving consent for myself to participate in the study. My signature also
indicates that I am giving consent for myself to be recorded and that I have received a
copy of this consent form.
__________________
Participant’s Signature

____________.
Date
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_________________________________
Printed Name
_______________________
Research Assistant Obtaining Consent

________
Date

________________________________
Printed Name
If you have questions about this study, please ask them now or contact Dr. Stacey Doan
at sdoan@cmc.edu or (909) 607-9647 (email preferred). A copy of this document will be
given to you to keep. If you have questions about your rights as a research participant,
you may contact the Claremont McKenna Institutional Review Board by phone (909)
621-8101 or e-mail at irb@cmc.edu
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Appendix B
Sleep Agreement
ACTIWATCH
AGREEMENT AND
ACKNOWLEDGEMENT
OF RECEIPT
I,
,
acknowledge receipt of an ACTIWATCH as part
of my participation in the AMH-CARE Lab’s ARCH Study. The serial number
of the ACTIWATCH that has been assigned is to me is indicated below. I
agree not to loan, transfer, give possession of, misuse, or modify, the
ACTIWATCH that has been assigned to me.
I further agree not to remove the ACTIWATCH during the one-week duration
that I have agreed to wear the watch for this study, except when removal is
necessary (i.e., participation in sports- related activities, such as swimming), and
wearing the watch could cause damage to it. I have listed below the activities, as
well as the dates of those activities during the coming week that will require me
to remove the ACTIWATCH. Other than the activities listed below, I agree to
wear the ACTIWATCH continuously during the dates indicated below.
ACTIVITIES
REQUIRING
REMOVAL OF
ACTIWATCH

DATES OF
ACTIVITIES

LENGTH OF
TIME
ACTIWATCH
WILL NOT BE
WORN

If I will be traveling out of the state of California for any duration during the
coming week, I recognize that I am not eligible to participate in this portion
of the study. If I am eligible to participate in this portion of the study, I agree
to return the ACTIWATCH on the return date listed below.
ACTIWATCH
SERIAL NUMBER

DATE
ACTIWATCH
ASSIGNED

DATE ACTIWATCH
TO BE RETURNED

SLEEP CONSISTENCY AND INFLAMMATION

If the ACTIWATCH is lost or stolen, I will report the lost or stolen watch
immediately via email to the following individuals: Professor Stacey Doan
(stacey.doan@cmc.edu), Professor Patricia Smiley
(patricia.smiley@pomona.edu), and Lab Manager, Jessica Vicman
(jesvicman@cmc.edu).

41

SLEEP CONSISTENCY AND INFLAMMATION

44

ACTIWATCH AGREEMENT AND ACKNOWLEDGEMENT OF RECEIPT
By signing this form, I agree to all aspects of this agreement, including: I
understand that the ACTIWATCH has been loaned to me and is the sole
property of AMH-CARE Lab. I am responsible for the ACTIWATCH that has
been issued to me as part of the ARCH Study. I agree to use the
ACTIWATCH in the manner intended. I understand that I am expected to
exercise due care in my use of this property. I agree to return the
ACTIWATCH in proper working order (excluding normal wear and tear) on
the date
indicated above.
STUDENT’S NAME (print name)
STUDENT’S SIGNATURE
STUDENT’S COLLEGE
STUDENT’S COLLEGE ID
NUMBER
STUDENT’S CELL PHONE
NUMBER
DATE
AMH-CARE LAB
REPRESENTATIVE
(print name)
AMH-CARE LAB
REPRESENTATIVE
SIGNATURE
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Sleep Diaries

45

SLEEP CONSISTENCY AND INFLAMMATION

46

SLEEP CONSISTENCY AND INFLAMMATION

47

SLEEP CONSISTENCY AND INFLAMMATION

48

SLEEP CONSISTENCY AND INFLAMMATION

49

SLEEP CONSISTENCY AND INFLAMMATION

50

SLEEP CONSISTENCY AND INFLAMMATION

Appendix D
Measures
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Emotional Regulation Questionnaire
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Tables
Table 1
Means and Standard Deviations of Key Measures
Measure
n
M
SD
Cognitive Reappraisal
Expressive Suppression
CRP
Sleep Quality
Sleep Duration (hours)
Sleep Time consistency

138
138
138
138
138
138

Range
5.09 .99
2-7
3.97 1.2
1-7
.87
1.8
.01-18.9
2.09 1.8
1-4
7.1
0.9
2.59-8.87
78.76 33.8 23.4-183.5
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Table 2
Correlation Matrix for Key Variables, (n=138)
Variable
1. Sleep Consistency
2. Suppression
3. Reappraisal
4. CRP
5. Sleep duration

1
-

2
.17
-

3
.04
.09

4
.26**
.10

5
-.08
-.02

6
.07
.18

7
-.08
.01

8
-.04
-.09

-

.07
-

-.04
.05
-

-.06
.02
-.08

.00
-.03
-.16

.18*
.09
.14

-

.20*

-.09

-

.16
-

6. Sleep quality
7. Race
8. Sex
9. SES
10. BMI

* p < .05 (two-tailed). ** p < .01 (two-tailed).

9
.09
-.08

10
.1
.29*
*
-.13 .08
.13 .21*
.20*
.19*
-.21** -.06
-.09
.06

-.12
-.15

-

-.08
-
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Table 3
Predicting Inflammation from Sleep Variables
Predictor

b

SE

β

t

Adjusted R2 F Change

Sleep Consistency*

.014 .004 .25 3.085

.092

3.307

Sleep Duration

.21

.17

.11

1.21

.086

2.84

Sleep Quality

.09

.27

.03

.38

.086

2.84

Note. *p < .005

Table 4
Moderation Effect of Cognitive Reappraisal on the Relationship between Sleep
Consistency and Inflammation
CI for b
Predictor
b
Lower Upper
t
p
Sleep
-.05 -.09
-.00
-2.18 .03
Reappraisal
-.81 -1.48 -.14
-2.39 .01
Sleep * Reappraisal .01 .00
0.01
2.89 .00
Note. Fit for model R = .22, F(8, 138) = 8.31, p = .00.
95%
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Figures
Figure 1
Conceptual Mediation Model

Figure 2
Conceptual Moderation Model
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Figure 3
Moderating effect of ER on the relationship between sleep consistency and
inflammation
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