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Abstract

The present study proposes to answer the following question: Do people without
OCD and a late chronotype have more obsessive-compulsive symptoms than people with
earlier chronotypes? Individuals with obsessive-compulsive disorder (OCD) are more
likely than healthy individuals to exhibit habitually delayed sleep schedules, sometimes
diagnosed as Delayed Sleep Phase Disorder. Additional research suggests that this trend
may also be present in people without OCD. Individuals with habitually later bedtimes
may exhibit more subclinical obsessive-compulsive symptoms than those with earlier
bedtimes. Given that high levels of subclinical symptoms may constitute a risk factor for
developing OCD, it is important to understand if delayed sleep schedules play a role in
the progression of the disorder from subclinical to clinical. Individual preference for later
sleep and wake patterns, called eveningness or late chronotype, has been associated with
worse mental health outcomes such as depression, but has yet to be compared with
chronotype in healthy individuals.

This study surveyed 57 participants recruited online from the general population
to submit reports on their sleep quality, chronotype, and obsessive-compulsive
symptoms. Participants also submitted additional daily sleep diaries for one week to
confirm sleep habits. Overall, increased eveningness significantly predicted increased
reports of obsessive-compulsive symptoms and worse sleep quality. However, poorer
sleep quality was a more substantial indicator of symptoms than eveningness, and

grouping individuals into chronotype categories was less predictive of symptoms than the



morningness-eveningness scores. Sleep midpoint, a value that is indicative of differences
in sleep schedules, was strongly associated with chronotype but was also a better
indicator of symptom reports. Total sleep duration, age, and gender did not appear to
significantly influence the outcome variables. More research is needed to better
understand these relationships in a healthy population sample, especially using objective

measurements of sleep timing and quality.
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Chapter 1.

Introduction

Obsessive-compulsive disorder (OCD) is a mental disorder characterized by
obsessive thoughts and compulsive behaviors, which are time consuming or cause
impairment to basic functioning (American Psychiatric Association [APA], 2022).
Obsessive thoughts, also referred to as intrusive thoughts, are repeated urges, thoughts, or
mental images that are unwanted and may trigger feelings of fear or anxiety. Compulsive
behaviors are actions performed repeatedly and persistently, and are often driven by the
anxiety caused by obsessive thoughts. For example, obsessive concern about germs can
cause compulsive hand washing behaviors (APA, 2022; Reynolds, 2015). The annual
prevalence of OCD diagnoses in the United States is around 1.2% (APA, 2022).

Many mental health disorders co-occur with sleep disruptions (Wulff et al., 2010),
and changes in sleep are included in the diagnostic criteria for mood disorders such as
Major Depressive Disorder or Bipolar Disorder (APA, 2022). However, sleep disruption
is considered a side effect of other conditions such as OCD (Wulff et al., 2010).
Emerging research indicates that individuals with OCD differ notably in their sleep
behavior compared to healthy individuals, which may impact their overall functioning
(Nota et al., 2015).

A significant number of people with OCD present specifically with later-than-
average sleep schedules (Mukhopadhyay et al., 2008; Reynolds et al., 2015), or even
Delayed Sleep Phase Disorder (DSPD). DSPD is primarily characterized by substantially

later sleep and wake schedules than desired or required for school or work



responsibilities (American Academy of Sleep Medicine, 2014). This definition is flexible
for individual differences, but DSPD also includes difficulty waking if forced to follow
an earlier schedule and the inability to adjust long-term. Estimated rates of individuals
with OCD who also have DSPD ranges from 17% (Mukhopadhyay et al., 2008) to 90%
(Reynolds et al., 2015), compared to the DSPD lifetime prevalence of 1% in the general
population (Schubert, 2017). Research on the relationship between OCD and delayed
sleep onset has found it to be more likely in those with more severe OCD, treatment-
resistant OCD, or who reported OCD an earlier age of onset (Coles & Sharkey, 2011;

Mukhopadhyay et al., 2008; Nota et al., 2020).

Inconclusive Explanations for OCD and DSPD Comorbidity

The overall volume of research on sleep and mental health, specifically OCD, is
limited, and many studies’ results are mixed or provide limited evidence given the
number of potential third variables influencing the outcomes (Reynolds et al., 2015;
Wulff et al., 2010). For example, OCD diagnoses are frequently comorbid with Major
Depressive Disorder diagnoses, and depression is partially characterized by disruptions to
sleep or poor sleep quality (Bobdey et al., 2002; Simor et al., 2018). Reynolds et al.
(2015) noted in their review article that some studies concluded that comorbid depression
diagnoses were the primary influence on sleep disturbances among their participants with
OCD, while just as many studies found that this was not the case. Another relevant factor
is the use of medications prescribed to treat OCD. All or a majority of the OCD
participants in many studies have taken or were currently taking antidepressant or other
psychotropic medications (Reynolds et al., 2015; Simor et al., 2018) which may alter the

sleep patterns of those individuals, but the specific effects of these medications on sleep



are not yet well understood (Reynolds et al., 2015; Wulff et al., 2010). While it is
important to acknowledge the use of medications and depression as possible confounds in
studies evaluating OCD and DSPD, there is not sufficient evidence to conclude that either
variable are responsible for the prevalence of DSPD among this group. This further
reinforces the need to continue research on how sleep problems relate to OCD symptoms.

A mechanism relating delayed sleep onset and OCD has not been established.
Researchers initially hypothesized that the compulsive behavior symptoms of OCD
caused delays in sleep schedules, with individuals performing extensive evening or
bedtime rituals (Coles & Sharkey, 2011; Mukhopadhyay et al., 2008; Reynolds et al.,
2015). If this were the case, then the sleep issues would be a consequence of living with
OCD, not a risk factor for developing OCD. However, more recent empirical research on
both people with OCD and healthy individuals has provided a more compelling view on
the relationship between obsessive-compulsive symptoms and sleep schedules,

suggesting that sleep issues may be relevant in the development of OCD.

Empirical Studies on OCD Severity and Sleep Schedules

A large study of almost 500 individuals by Nota et al. (2020) collected data on
OCD symptom severity using the Yale-Brown Obsessive-Compulsive Scale, and sleep
habits via a modified Pittsburgh Sleep Quality Index, from a sample of people
participating in a seven to eight-week treatment program for severe OCD. The
researchers hypothesized that a large proportion of participants would exhibit delayed
sleep schedules, possibly with more severe symptoms and less improvement upon
completion of the treatment program compared those without sleep difficulties. Initially,

delayed sleep was fairly common (about 18% of the participants) and was significantly



associated with more severe OCD symptoms. Importantly, there were no differences for
other sleep issues like insufficient sleep. Delayed sleep was not associated with self-
reported worry or depression symptoms, only OCD severity, showing that the
relationship between sleep and OCD is not a result of comorbid depression.

Delayed sleep prevalence returned to normal levels (<1%) by the end of the
treatment, perhaps due to the program’s consistent morning therapy sessions and explicit
encouragement of going to bed by 11:00 PM as part of the treatment. OCD symptom
severity was also significantly reduced by the end of the program, with no difference in
responsiveness to treatment between participants with late bedtimes. While it is not clear
from this study if the improvement in sleep schedule assisted with the OCD treatment,
this study provides evidence that explicitly addressing sleep cycles may be an important
component of treatment for OCD.

To evaluate whether individuals with OCD and delayed sleep schedules exhibited
evidence of internalized circadian shifts, Coles et al. (2020) evaluated 24 individuals with
OCD and 15 healthy controls for their circadian timing using a method called dim-light
melatonin onset collection. This method checks salivary melatonin levels hourly around
bedtime to see what time melatonin secretion peaks. Melatonin levels increase at night to
promote sleep, providing a measurable indicator for internal sleep schedules (Coles et al.,
2020; Schubert, 2017). Dim-light melatonin onset is considered a well-validated measure
of circadian timing, and was compared with participants’ sleep diaries, wearable sleep
tracker data, Pittsburg Sleep Quality Index reports, Yale-Brown Obsessive Compulsive
Scale scores, and Obsessive-Compulsive Inventory scores. Given that the sleep diaries,

sleep trackers, and Pittsburg Sleep Quality Index scores were all highly consistent with



each other, the results of these measures were not utilized beyond identifying the time
window for collecting saliva samples.

Consistent with previous literature, almost half of the OCD participants met
criteria for DSPD while none of the healthy controls did. The people with OCD had
significantly later dim-light melatonin onset by about 1.5 hours compared to controls.
This indicates that at least a portion of the sleep delays seen in OCD involve disruptions
to the endogenous processes driving circadian rhythms. However, the researchers did not
find a relationship between melatonin onset and OCD symptom severity in either self-
report or clinician ratings. This could be because their sample size was relatively small,
as other studies have reported increased symptom severity and treatment resistance in
people with OCD and DSPD (Coles & Sharkey, 2011; Nota et al., 2020).

Similarly, Schubert (2017) evaluated 20 individuals with OCD. Dim-light
melatonin onset, sleep dairies, and sleep timing measured by wearable sleep trackers was
collected and compared with symptom severity over the course of a week. Based on
previous research, later sleep timing and dim-light melatonin onset would likely be
correlated with increased symptom severity the following day.

Unfortunately, successful melatonin collection of only 13 of the 20 OCD
participants was possible, so the statistical power for correlating this variable with
symptom severity was substantially reduced, and no effect was found (Schubert, 2017).
Similarly, there was no correlation between self-reported sleep timing or wearable tracker
measurements of sleep timing with overall symptom severity. However, this study did
produce a critical finding: Later sleep timing predicted worse symptoms the next day,

while worse symptoms during the day did not predict a later bedtime that night. This



further supports the possibility that sleep disruption may exacerbate obsessive-
compulsive cycles, rather than compulsive behaviors disrupting sleep.

While dim-light melatonin onset collection is an objective and well-validated
measure of circadian cycles that is not subject to participant recall errors or self-report
social desirability biases, the difficulty and cost associated with collection and analysis
for a large number of participants is a substantial limitation to its utility for research.
Given the strong correlation with other measures (self-reports, fitness trackers) some of
these less invasive and less costly alternatives will be used for the current investigation.
All of the studies reviewed above focused on people with OCD diagnoses. This limited
the sample size and the generalizability of their findings. Utilizing healthy populations
for research of OCD patterns, a method called human analogue research, provides higher
internal validity and statistical power than experiments with small sample sizes limited to
people with OCD (Abramowitz et al., 2014). There are a number of studies that employ
this method to explore how obsessive-compulsive symptoms in people without an OCD

diagnosis may be related to sleep schedules, but they are not flawless.

Evidence for Studying Obsessive-Compulsive Symptoms in Healthy People

Intrusive thoughts are common for healthy individuals, but do not always cause
significant distress or disruption to daily life (Schubert & Coles, 2015; Stavropoulos,
2017). One study of over 1,000 individuals from a full range of socioeconomic
backgrounds found that many individuals with no mental health diagnoses, or with
diagnoses other than OCD, reported being bothered by obsessions or compulsions for at
least two consecutive weeks during the past year, even though these symptom levels did

not meet the criteria for OCD. As many as 45% of these individuals reported



compulsions, 42% reported obsessions, and 17% reported both symptoms (Fullana et al.,
2009). Based on these results, the authors estimated that about a quarter of the general
population may experience obsessions and/or compulsions at a subclinical level.

The authors also concluded that individuals who report both obsessive and
compulsive symptoms are at increased risk of developing OCD. Participants were
assessed every few years from age three to 32 with the clinician-administered Diagnostic
Interview Schedule. Individuals who reported obsessive and compulsive symptoms at age
11 were significantly more likely to meet diagnostic criteria for OCD at age 28 or 32
(Fullana et al., 2009).

More recently, Luke at al. (2021) conducted an analysis of data from the Study of
Early Child Care and Youth Development, a longitudinal study of almost 1400 children
and families supported by the National Institute of Child Health and Human
Development in the US. Children were assessed for obsessive-compulsive symptoms at
eight time points from pre-kindergarten to high school (age 15), with the 8-item
Obsessive-Compulsive Scale. This scale includes a cutoff score of 5 or higher as likely to
be diagnosed with OCD (Luke at al., 2021). Most children (984) either scored low
throughout the assessment, or scored the highest during pre-kindergarten or kindergarten
and steadily decreased (105). However, 58 children (3% of the total participant pool)
scored lowest during pre-kindergarten or kindergarten and steadily increased. This group
had a mean score of 4.77 at the high school assessment time, and 26 of them exceeded
the cutoff score of 5 by the time they were 15. The authors concluded that this group of
children were at risk of being diagnosed with or developing OCD based on the trajectory

of primarily sub-threshold symptoms.



Additionally, people with clinical OCD have commonly reported a duration of
seven to ten years from the onset of sub-threshold obsessive-compulsive symptoms
(OCS) to later meeting diagnostic OCD criteria (Albert et al., 2019; Thompson et al.,
2020; Vigne et al., 2018). Given these results, it is important to continue research
investigating the factors that influence this progression (Fullana et al., 2009; Schubert &
Coles, 2015). Understanding the path from early symptoms to disorder may provide
insight into possible prevention strategies (Albert et al., 2019; Akin-Sari et al., 2022).

Coles et al. (2012a) interviewed 18 adults with OCD about symptoms causing
significant distress or disruption prior to meeting diagnostic criteria for OCD. Participants
reported general anxiety, intolerance of uncertainty, and perfectionism, as early as nine
years prior to diagnosis. Of the 51 risk markers evaluated, changes in participants’ stress
levels, increased desire for things to feel “just right,” and paying more attention to
thought patterns were most strongly associated with the transition from subclinical to
clinical OCD symptoms. Based on this evidence, researchers have hypothesized that
cognitive impairments from sleep disruption may result in increased sensitivity to
intrusive thoughts, leading to repetitive behaviors - compulsions - to cope with them

(APA, 2022; Schubert & Coles, 2015).

Studies of Sub-Threshold OCS and Sleep Schedules
Coles et al. (2012) evaluated whether regular bedtimes past 1:00 A.M., an
approximation for DSPD (Coles et al., 2012; Mukhopadhyay et al., 2008), were
associated with increased obsessive-compulsive symptoms (OCS) in a sample of
individuals without OCD. They surveyed 266 undergraduate students on their sleep

habits with the Pittsburgh sleep quality index and on their OCS severity from the past



month with the Obsessive-compulsive Inventory. Students also completed the Positive
and Negative Affect Scale to report on their moods. Students with bedtimes past 1:00
A.M. were categorized as having delayed bedtimes, with a mean bedtime of 2:30 A.M.,
and those before 1:00 A.M. had non-delayed bedtimes, with a mean of 12:15 P.M.
Despite the sample consisting exclusively of university students, fewer than half (35%)
reported habitual bedtimes after 1:00 A.M. and the remaining 65% reported bedtimes
before 1:00 A.M.

They found that those with delayed bedtimes reported more frequent OCS of
every symptom type (washing, checking, doubting, ordering, obsessions, hoarding,
neutralizing) compared to those with bedtimes before 1:00 A.M. Students with delayed
bedtimes also reported an hour less sleep per night than those with non-delayed bedtimes,
but the researchers found no statistical correlation between sleep duration and OCS
severity. The delayed bedtime group also reported significantly more negative affect than
the non-delayed bedtime group. However, the correlation between OCS and bedtime
remained significant even when controlling for negative affect scores, so the relationship
between mental state and bedtime was specific to OCS.

The authors pointed out that circadian phase delay is an important element of
OCD in clinical populations, but that the impacts of delayed bedtimes are not necessarily
limited to those with the disorder. They called for future research with larger sample sizes
and more detailed measurements of sleep patterns, including circadian phase estimation,

to better understand the specific nature of the relationship between sleep schedules and

OCS.



A similar study of 212 undergraduate students without OCD examined whether
students with later bedtimes reported more intrusive thoughts, or more distress and
interference from those thoughts, than individuals with earlier bedtimes (Schubert &
Coles, 2015). The students completed the Revised Obsessional Intrusions Inventory to
self-report the frequency and impact of intrusive thoughts, and the Pittsburg Sleep
Quality Index to self-report their subjective sleep quality over the course of a month. The
habitual bedtime reported on the Pittsburg Sleep Quality Index were utilized to categorize
students as those with delayed bedtime and non-delayed bedtime with the same 1:00
A.M. cutoff. Despite one group going to bed later, the two groups in this study received
approximately the same number of hours of sleep per night.

As predicted, the delayed bedtime group reported more frequent intrusive
thoughts, especially those that are spontaneous and not related to external cues. The
delayed bedtime group also reported a greater desire to suppress these thoughts, but were
otherwise no more adversely impacted than the non-delayed bedtime group. The authors
concluded that delayed circadian rhythmicity may contribute to cognitive difficulties with
dismissing intrusive thoughts. They noted that future research should record the degree of
sleep delay, or verify circadian rhythms with objective measures, rather than utilizing
only bedtime as a means for assigning participants into two general categories.

Both of these studies grouped participants into only two categories - people that
go to bed before 1:00 A.M. and people who do not. However, this means that someone
who routinely goes to bed at 8:00 PM is considered the same as someone who goes to
bed at 12:45 A.M. In actuality, these two individuals may have very different daily

schedules. Utilizing only two categories for sleep schedules is potentially too coarse to

10



account for differences in circadian timing. Additionally, no other information was
incorporated about their sleep-wake rhythms, such as what times they feel most alert
during the day. These factors are also important to circadian rhythmicity and vary
substantially between individuals (Shahid et al., 2012; Simor et al., 2018). Going to sleep
late does not automatically mean a person is an evening type - they may still get up at 6
A.M. and feel their best before noon. Therefore, a measure that accounts for the total
picture of circadian variation may be more realistic and yield more granular results. See

Figure 1 and the following section for more details.

EARLY LATE
DSPD PROXY

i CUTOFF = A

8 P.M. 9P.M. 10 P.M. T P.M. 12A.M. TAM. 2AM. 3A.M.

VERY MORNING MORNING NEITHER EVENING VERY EVENING
TYPE TYPE TYPE TYPE TYPE

Figure 1. Categorical Bedtime Groups (A) vs. Chronotype (B).

DSPD = Delayed Sleep Phase Disorder. Several of the studies reviewed in this proposal
divide participants into two groups based on habitual bedtimes, with a boundary bedtime
of 1 A.M. This 1 A.M. cutoff is commonly utilized as a proxy for Delayed Sleep Phase
Disorder, even if participants are not evaluated for the disorder based on the clinical
criteria in the International Classification of Sleep Disorders Manual. While this cutoff
does align with the lower bound for evening chronotypes, this strategy is substantially
broader than the five chronotypes and includes no other information about the person’s
activity or waking schedule.

11



Individual Variation: Chronotypes or Morningness-eveningness

This individual variation in sleep schedules and preferred active times is often
stable within an individual, and is referred to as their chronotype or morningness-
eveningness. Morning or early chronotypes rise earlier, feel best in the morning, and
retire earlier than their counterparts. Evening types, on the other hand, are the opposite
(Horne & Ostberg, 1977; Shahid et al., 2012). People in the middle are considered neither
type. These differences appear to be based on variation in endogenous circadian
rhythmicity, following internal markers such as body temperature fluctuation and
melatonin secretion (Shahid et al., 2012; Amlaner et al., 2009), although the basis of this
individual variation is not well understood (Amlaner et al., 2009). Evening chronotypes
may be more susceptible to both DSPD, by virtue of being unable to adapt to an early but
necessary schedule, and more severe psychopathology of many types (Simor et al., 2018).

A study by Simor et al. (2018) examined whether eveningness was associated
with increased symptom severity or negative affect in people with OCD. A sample of a
hundred people admitted to a mental health facility for psychiatric treatment of OCD and
other severe mental health diagnoses were divided into an OCD group and a non-OCD
mixed psychiatric group. Both groups were asked to complete self-report surveys
measuring morningness-eveningness, sleep quality, nightmare frequency, positive and
negative affect, depression, and anxiety, and the OCD group participated in the clinician
interview version of the Yale-Brown Obsessive-Compulsive Scale.

While the study showed no relationship between morningness-eveningness and
OCD severity, eveningness was associated with increased negative affect, more frequent

nightmares, and lower sleep quality in the OCD group but not in the mixed group. Given

12



that eveningness was correlated with worse subjective mental health indicators in only
the OCD group, it seems plausible that there is a specific relationship between
eveningness and mental health for these individuals, even if this study did not specifically
observe a correlation with OCD severity specifically. The authors called for further
research into the association between chronotype and obsessive-compulsive symptoms
(OCS), particularly with larger sample sizes or objective measures of sleep and cognitive
performance (Simor et al., 2018).

Building on the above, the current investigation examines the relationship
between chronotypes and OCS in healthy individuals. Given the data suggesting that
delayed sleep onset, and possibly eveningness in general is associated with more OCD
symptoms and more negative affect among people with OCD, and given the increased
risk of progressing from subclinical obsessions and compulsions to OCD, the primary
research question of this study is: Are people without an OCD diagnosis and an evening
chronotype more likely to report obsessions and compulsions? Secondarily, as indicated
by existing research: Are evening chronotypes more likely to report worse sleep quality
overall, and if so, is worse sleep a predictor of increased reporting of obsessions and
compulsions?

The general population focus increases sample size compared to a small
population of people with clinical OCD, which the majority of the cited works above
mentioned as a limitation of their studies. If the association between delayed sleep and
general OCS exists in individuals who do not have DSPD or OCD, this provides support
for the hypothesis that sleep disruptions may be one reason why healthy individuals

eventually develop OCD. If this association does not exist in healthy individuals, it may

13



be that the high comorbidity of OCD and DSPD is the result of other variables present in
clinical populations, or that the disorders are only related when one or both are
sufficiently extreme. In either case, it is important to determine the generalizability of the
relationship between sleep and OCS to evaluate the relevance of sleep disruption to

etiological research in OCD.
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Chapter II.

Research Method

To evaluate the relationship between obsessive-compulsive symptoms and
chronotype, participants self-reported on both factors via an online study completed daily
for seven days. The first day provided cross-sectional data from four surveys, and a daily

sleep diary was repeated for the following six days.

Participants
After approval from the Committee on the Use of Human Subjects, participants
were recruited from academic social media groups on Reddit, such as r/harvardextension,
r/psychology, r/psychologystudents, and r/gradschool and the online research platform

Prolific (www.prolific.com, 2023). Multiple methods of recruitment were employed to

attract as many participants as possible. Fifty-seven (n = 57) people total participated in
the study between June 2" and August 30", 2024. Fifty of these participants were
recruited from Prolific, and an additional seven from other communities, who started the
study directly on Qualtrics. Fifty-one (n = 51, 89%) of the total participants completed at
least one follow-up Consensus Sleep Diary (Carney et al., 2012).

Respondents had to be at minimum 18 years old, fluent in English, and not
employed as an overnight shift worker to participate in the study. The screening questions
described in the following section verified these requirements. The study description
requested participation in an online survey-based study evaluating sleep patterns and
mental health for monetary compensation (Appendix 3). Compensation was determined

according to the terms of service for Prolific’s platform, set at $10 per hour, with an
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estimated payment of $15-20 total for the entire study. For participants not recruited via
Prolific, they received $10 for completing the first day’s questionnaires, and an addition
$1 for each subsequent day that they submitted a response, for a maximum of $16 total.
Participations who completed the study directly on Qualtrics were paid via an electronic
gift card to Amazon, and participants recruited from Prolific were paid directly to their
Prolific account. All funds for participant compensation were provided personally.
Participants were automatically assigned an anonymous alpha-numeric ID to track
their responses without personal identifying information. Participants recruited via
Prolific already have a unique ID that the Prolific platform provides. Participants signing
up directly to Qualtrics provided an email address to receive compensation and follow-up
survey links for the week, but were not required to do so in order to submit their initial
survey responses. The email address was not stored with their responses or kept after the
data were collected to protect individual privacy. No other identifying information was

collected.

Measures
The following measures were sent to all participants in the study via the online
research platform Qualtrics. Participants recruited via Prolific were redirected to the
Qualtrics platform to complete the measures. Copies of the measures can be found in

Appendix 3.

Demographic Screening
A custom demographic measure comprised of three screening questions verified

eligibility before the study began. The first question asked for participants to report their
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age in years by typing a number into a text box. The minimum age was 18, with no
maximum age. The next screening question asked participants if they are fluent in
English, and they must select either “yes” or “no.” The third screening question asked
what type of hours participants work. This includes regular 9-5, permanent overnight
shifts, rotating night shifts, rotating shifts without night shifts, or other. Participants may
select all that apply. These questions were not used in data analysis and were only for
verifying eligibility. Participants recruited from Prolific were automatically pre-screened
for these criteria during the study set-up process according to the site’s terms of use, and

these questions served only to confirm their eligibility status.

Morningness-Eveningness Questionnaire

The MEQ is a well-validated measure of chronotype with high internal validity
(a=0.82) (Shahid et al., 2012). This questionnaire is a 19-item self-report survey with
multiple question types asking about an individual’s preferred sleep schedules, peak
activity times, and self-described morningness or eveningness. The Likert-type multiple
choice questions have four response options each, that correspond to a predetermined
numerical value. Responses that are aligned with evening chronotypes have lower values
(0-3), and responses aligned with morning chronotypes have higher values (4-6). For
example, a question may ask how hard the person would find it to work out at 7 A.M.,
and responses range from “not at all difficult” for a score of 4, to “extremely difficult” for
a score of 1. A digitized version of the original scale was utilized for this online study and
is shown in Appendix 3.

Response values are totaled to generate a global score between 16 and 86, with a

higher score indicating a stronger morning type and a lower score indicating a stronger
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evening type. Score ranges can then be divided into five categories: 16-30 is definite
evening type, 31-41 moderately evening type, 42-58 neither type, 59-69 moderately

morning type, and 70-86 definite morning type (Shahid et al., 2012).

Pittsburgh Sleep Quality Index (PSQI)

This measure asks participants about their typical sleep experiences from the past
month. This survey measures seven factors: subjective sleep quality, sleep latency, sleep
duration, habitual sleep efficiency, sleep disturbances, use of sleeping medication, and
daytime dysfunction. The respondent self-reports each of these seven factors in nine
questions, a mixture of free-response and Likert-type. Answers are scored on a 0 to 3
scale, with 3 reflecting the most negative. A global sum of 5 or greater indicates a “poor”
sleeper. (Buysse et al., 1989).

This scale has a reliability coefficient (Cronbach’s alpha) of 0.83 for its seven
components (Buysse et al., 1989). Numerous studies using the PSQI have supported high
validity and reliability. The PSQI is one of the most utilized sleep quality measurement
scales in the related work for this research, and as such, was important to include in this

study to situate the results in the context of similar studies.

Consensus Sleep Diary (CSD)

This measure asks participants about their sleep and activity for the prior evening,
including what time they went to bed and rose for the day (to obtain total sleep time),
their recollections of how long it took to fall asleep, and the number of awakenings and
total wake time after sleep onset (Carney et al., 2012). Participants also rated their overall

sleep quality on a scale of 1 (very poor) to 5 (very good). The CSD also includes a free-
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response prompt about any unusual circumstances that may have affected their sleep. The
CSD is typically utilized for a week (Carney et al., 2012), and participants were sent
reminders to complete the CSD for an additional six days after the initial submission, for
a total of seven days of sleep reporting.

An additional question was added to confirm whether respondents utilized a
wearable sleep tracker, such as an Apple watch, Oura ring, or Fitbit, to report their
schedule, as subjective assessments of sleep often differ from data collected via
actigraphy (Coles et al., 2020). This measure provides additional data on participant’s
sleep schedules that can be compared to their ideal or preferred sleep and wake times

from the MEQ), such as sleep midpoint, a commonly measured indicator for chronotype

(Schubert, 2017).

Obsessive-Compulsive Inventory, Revised (OCIR)

This measure is an 18-item self-report questionnaire on the distress caused by
obsessive-compulsive symptoms during the past month. The symptoms span six sub-
scales common in OCD: washing, checking, neutralizing, obsessing, hoarding, and
ordering. Participants rate how bothered they have been by each symptom during the past
month from 0 = not at all, to 4 = extremely. The total score ranges from 0 — 72, with
higher scores representing more severe obsessive-compulsive symptoms and a cutoff
score of 18 for clinical OCD, with a sensitivity of 82% and specificity of 83%. Sensitivity
refers to the percentage of patients accurately identified as having the disorder based on
the OCIR, and specificity refers to the percentage of patients accurately identified as not

having the disorder (Wootton et al., 2015). The OCIR has demonstrated high test-retest

19



reliability and internal consistency across clinical and non-clinical samples (Foa et al.,

2002).

Procedure

As described above, participants were recruited from Prolific and links posted in
online communities. Participants typed in or clicked on the link to begin the study. The
demographic screening questions first verified eligibility for participation in the full
study. If a potential participant did not fit the study sample criteria, they saw a message
informing them that they were not eligible based on their answers, that their data would
not be saved, and they would not be compensated. If Prolific members’ answers did not
match their participant profile pre-screening information, they were redirected to a
modified completion screen with the following message: “You are ineligible for this
study as you have provided information which is inconsistent with your Prolific
prescreening responses. Please return your submission on Prolific by selecting the 'stop
without completing' button.” (Prolific, 2023).

Eligible participants then proceeded to the first page of the study that displayed
the electronic informed consent information. This form explained the purpose of the
study (to evaluate individual differences in sleep patterns and mental health factors),
compensation rates, and the voluntary nature of the study. If participants chose to proceed
after reading the informed consent information, they clicked a check box to electronically
sign their agreement to proceed. The questionnaires were completed in one sitting. The
participants filled out the digital versions of the MEQ, CSD, PSQI, and OCIR, with an

estimated completion time of 30 minutes and a maximum of one hour.
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For the subsequent six days, participants received a reminder, either via Prolific’s
messaging platform for their members or via email from Qualtrics, to complete the CSD
survey only for that day, to report on the previous night’s sleep. The estimated time for
completion was 5 minutes. If participants did not complete the survey that day, they still
received a reminder the following day for the full six days. Participants were instructed
not to go back and submit responses for any days that they missed, to ensure accurate
reporting of each night’s sleep and minimize recall errors or biases.

After the surveys were submitted, participants were thanked and compensated for
their time, either via Prolific’s participant payment structure or an electronic gift card sent
to the email address they provided, as described in the Participants section of this

publication.

Statistical Analyses

Raw data was downloaded from Qualtrics into Microsoft Excel and IBM SPSS
Version 20.02 for processing. Any incomplete, duplicate, or test submissions were
automatically removed from the results by Qualtrics’ and/or Prolific’s study settings.
Some scoring was pre-programmed in the Qualtrics survey, such as the MEQ and OCIR,
but the PSQI scoring was completed manually in Excel and the scoring accuracy was
double-checked for all measures. Consensus Sleep Diary submissions were reviewed for
accuracy, and any incorrect times were adjusted based on the researcher’s best
judgement, i.e. reporting going to bed later than going to sleep.

Outliers were identified via visual inspection of box plots, and any data points
greater or less than 3 standard deviations (SD) from the mean were removed from the

sample. Shapiro-Wilk tests, Levene’s tests, and collinearity diagnostics were conducted
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for each variable to evaluate normality of distributions, homogeneity of variance, and
collinearity, respectively. Only the OCIR scores were non-normally distributed, which
skewed positive and was addressed with a square root transformation of the OCIR scores.
Descriptive statistics on age and gender were also reported.

To test the primary and secondary research hypotheses, Pearson correlations
between MEQ, OCIR, and PSQI scores were calculated. MEQ scores were also translated
into chronotype categories, and each group’s OCIR and PSQI scores were compared via
ANOVA and independent-samples t-tests. For the hypothesis tests, MEQ or chronotype
group was considered the independent variable, and OCIR score (primary hypothesis) or
PSQI score (secondary hypothesis) were the outcome variables. Finally, a hierarchical
multiple linear regression analysis showed the relative proportion of variance in OCIR
scores explained by the other four primary variables (age, gender, PSQI scores, and MEQ
scores). The alpha level of significance was set to a p-value of < .05. The results of each
statistical test, as well as additional post-hoc tests using the PSQI, are reported in the

following chapter.
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Chapter 111

Results

After downloading the raw data was downloaded from Qualtrics, the PSQI
scoring was completed in Excel and the scoring accuracy was double-checked for all
measures. Consensus Sleep Diary submissions were reviewed for accuracy, and some
incorrect times had to be adjusted based on the researcher’s best judgement, i.e. reporting
going to bed later than going to sleep. See Appendix 1 for a list of adjustments made.

One individual scored particularly high on the PSQI (20), which is 3.32 standard
deviations above the mean for this sample, and thus this data point was removed as an
outlier. No other outliers were detected via visual inspection of box plots. Shapiro-Wilk
tests, Levene’s tests, and collinearity diagnostics were conducted for each variable, with
the results listed in Appendix 1. No collinearity was detected (VIF < 5), and only the
OCIR scores were non-normally distributed, which skewed positive. This is reasonable,
as most individuals in a general population sample do not have Obsessive-Compulsive
Disorder (APA, 2024), and thus most people score low on this measure. This was
addressed with a square root transformation of the OCIR scores, resulting in the score

conversions shown in Table 1, below.
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Table 1. Transformed OCIR scores.

OCIR (original) OCIR.sqrt
0-10 0-3.16
11-20 3.32-4.47
21-30 4.58-5.48
31-40 5.57-6.32
41+ 6.40+

Note. OCIR = Obsessive Compulsive Inventory - Revised, sqrt = square root
(transformation)

Descriptive Statistics

Gender identification was not specifically requested in the study questions to
minimize the personally identifiable information collected, but was automatically
provided by Prolific’s researcher platform based on participant profiles in a separate
database. Of the 50 participants from Prolific, 32 identified as female (64%) and 18
identified as male (36%). Age and job schedule information were collected via the
demographic screening questionnaire for all participants. Participants had a mean age of
39.5 years (SD = 11.4, range = 24-70). Forty-five (n = 45) respondents indicated that they
work a regular 9-5 job schedule, three (n = 3) respondents work rotating shifts not
including night shifts, one (n = 1) respondent works both a regular 9-5 and rotating shifts

not including night shifts, and eight (n = 8) respondents selected “other.”
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Descriptive statistics for each measure (Morningness-Eveningness Questionnaire,
Obsessive Compulsive Inventory-Revised, and Pittsburgh Sleep Quality Index) are

shown in Table 2 below.

Table 2. Means and Standard Deviations for Primary Measures

MEQ PSQI OCIR
n=>57 n=>56 n=>57
Mean 50.37 7.30 342
Standard Deviation 8.86 3.38 1.69

Note. MEQ = Morningness-Eveningness Questionnaire, PSQI = Pittsburgh Sleep Quality
Index, OCIR = Obsessive Compulsive Inventory — Revised. OCIR scores in the table are
post-transformation and the PSQI statistics are post-outlier removal, as described in the
Results section above.

Hypothesis Testing

To test the primary and secondary hypotheses that later chronotypes will have
more obsessive-compulsive symptoms and worse sleep quality, Pearson correlations
between MEQ, OCIR, and PSQI scores were calculated. Demographic variables are also
included in the correlation matrix for reference, see Table 3 below. As predicted, MEQ
score was significantly inversely correlated with OCIR score. Therefore, lower MEQ
scores, or increased eveningness tendencies, are related to higher OCIR scores, or
increased reporting of obsessive-compulsive symptoms. Also, PSQI was significantly
correlated with both OCIR scores (positive correlation) and MEQ scores (negative

correlation). In other words, higher PSQI scores indicating worse sleep quality were
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correlated with increased obsessive-compulsive symptoms and increased eveningness.

No other significant correlations were found in this sample. See Table 3 for all » and p

values. A simple linear regression plot of the relationship between MEQ and OCIR (R? =

.079), and MEQ and PSQI (R? = .102), is shown in Figure 2.

Table 3. Correlation Matrix

OCIR MEQ PSQI Age Gender
OCIR Pearson’s r - - - - -
Sig. - - - - -
MEQ Pearson’s r -281%* - - - -
Sig. .035 - - - -
PSQI Pearson’s r 468%* -.320* - - -
Sig. <.001 .016 - - -
Age Pearson’s r -.148 227 -.006 - -
Sig. 272 .089 965 - -
Gender Pearson’s r 175 -.055 202 .085 -
Sig. 192 .685 135 528 -

Note. *Correlation is significant at the 0.05 level. **Correlation is significant at the 0.01
level. All significance tests are 2-tailed. Sig. = significance value (p). OCIR = Obsessive
Compulsive Inventory — Revised, MEQ = Morningness-Eveningness Questionnaire,

PSQI = Pittsburgh Sleep Quality Index.
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Figure 2. Linear Regression of MEQ and OCIR (left) and PSQI (right).

OCIR Scores as plotted are transformed (left axis) with corresponding original OCIR
score values labeled (right axis). OC = Obsessive-Compulsive.

MEQ scores are also grouped into five chronotype categories. In this sample, no
participants were “Definite Morning” or “Definite Evening” types, the two most extreme
chronotypes. The majority of participants (n = 35, 61%) were in the “Neither” category
(Neither), twelve participants (21%) were in the “Moderate Morning” (Morning)
category, and the remaining ten participants (18%) in the “Moderate Evening” (Evening)
category. Levene’s test for homogeneity of variances indicated that there were no
significant differences in variances between the three chronotype groups in this sample (p
>.05).

The Evening group had a mean OCIR score of 4.05 (SD = 1.76) and a mean PSQI
score of 9.44 (SD = 2.79). The Neither chronotype group had a mean OCIR score of 3.56

(SD = 1.44) and a mean PSQI score of 7.26 (SD = 3.03). The Morning group had a mean
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OCIR score of 2.50 (SD = 2.07) and mean PSQI score of 5.83 (SD =4.11). Figure 3

illustrates the means of each chronotype group on both measures.
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Figure 3. Mean Scores on PSQI (left) and OCIR (right) by Chronotype

OCIR Scores are plotted from raw scores (pre-transformation) for improved

visualization, while the trend line illustrates the transformed scores. Error bars illustrate
standard error.

An ANOVA test indicated that there were not significant differences in mean
OCIR scores between the three groups (p =.073), but that there were significant
differences in sleep quality based on mean PSQI scores (p = .050). However, independent
samples one-sided t-tests revealed a significant difference in both PSQI and OCIR scores
between Morning and Evening types. There is also a significant difference between
OCIR scores in Morning versus Neither type, but not PSQI. The results of the t-tests for
each chronotype pairing are shown in Table 4 below. One-sided t-tests were utilized

based on the previously conducted Pearson’s correlations that indicated a negative
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correlation of MEQ and OCIR, and of MEQ and PSQI. Additionally, the existing
literature in the introduction of this study aligns with the inverse correlation found for
these metrics, so testing both directions in a two-sided analysis would unnecessarily

reduce the power of the test.

Table 4. Independent Samples T-Tests

PSQI OCIR
Morning vs. t 1.279 1.963
Neither Sig. .104 .028*
Evening vs. t -1.959 -.903
Neither Sig. .028* .186
Evening vs. t -2.267 -1.869
Morning Sig. 018%* .038*

Note. *Correlation is significant at the 0.05 level. **Correlation is significant at the 0.01
level. T-tests are one-sided and equal variances are assumed. Sig. = significance value
(»). OCIR = Obsessive Compulsive Inventory — Revised, PSQI = Pittsburgh Sleep
Quality Index, Morning = Moderate Morning chronotype, Evening = Moderate Evening
chronotype, Neither = Neither Chronotype.

Finally, a hierarchical multiple linear regression analysis showed the relative
proportion of variance in OCIR scores explained by the other four primary variables (age,
gender, PSQI scores, and MEQ scores), as shown in Table 5. Based on the r? change
values (in bold), age and gender explained similar amounts of variance, around 3% each.
Sleep Quality, as measured by PSQI scores, explained the majority, almost 20% of the
variance. Lastly, MEQ was added to the model and explained an additional 0.5% of the

variance.
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Table 5. Hierarchical Multiple Linear Regression of Variables on OCIR Scores

R? Adjusted Std. R? F Sig. F

R? Error Change  Change Change
Age .037 .020 1.665 037 2.102 153
Age .068 .033 1.654 .030 1.728 194
Gender
Age 262 220 1.485 195 13.712 <.001**
Gender
Sleep Quality
Age 267 210 1.495 .005 334 .566
Gender
Sleep Quality
MEQ

Note. *Correlation is significant at the 0.05 level. **Correlation is significant at the 0.01
level. Sig. = significance value (p). Sleep Quality = PSQI (Pittsburgh Sleep Quality
Index) MEQ = Morningness-Eveningness Questionnaire.

Post-hoc Analyses

Based on the results of the hypothesis testing analyses and previous research,
additional variables were assessed for supporting context. Sleep duration, or total sleep
time, and sleep midpoint are both important measures for confirming sleep quality and
circadian timing (Sack et al., 2007; Schubert, 2017). Sleep midpoint in this study is
defined as the middle of a participant’s sleep time, halfway between sleep onset and
offset as reported by their CSD, calculated in minutes after midnight (MAM) and
averaged across all days that they reported. This generated a single continuous variable

per participant for analysis. Total sleep time (TST) is the sleep onset to sleep offset
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duration in hours, minus the total time of any awakenings during the night, as reported on
their CSD submissions and averaged per participant. Additionally, the PSQI asks for how
many hours of actual sleep an individual typically gets per night over the past month,
which was used as a retrospective value for TST.

Sleep midpoint in this sample was significantly inversely correlated with MEQ
score (r =.614, p <.001). The inverse direction of this relationship is based on the higher
MEQ score representing an earlier chronotype, and an earlier sleep midpoint is a smaller
number of minutes after midnight. If sleep midpoint falls prior to midnight (which was
rare in this sample), the value is negative. By chronotype, the mean sleep midpoint for the
Evening group was 239.53 MAM (SD = 42.28), the Neither group was 198.09 MAM (SD

=50.99), and the Morning group was 115.46 MAM (SD = §1.03).
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Figure 4. Sleep Midpoint by MEQ (left) and Chronotype group (right).

A mean sleep midpoint of 0 indicates midnight. MAM = minutes after midnight.
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Even though the relationship between sleep midpoint and MEQ was strong, they
are not collinear variables (VIF = 1.00). Therefore, a second hierarchical multiple linear
regression included sleep midpoint instead of MEQ. The R? value of the other variables
remained unchanged, while sleep midpoint’s R? = 0.053, or 5.3% of the variance
explained, compared to the 0.5% explained by MEQ. Additionally, the F-value change
when midpoint was added to the model was very close to significance (p = .052). See a

detailed list of the results in Table 6 below.

Table 6. Hierarchical Multiple Linear Regression using Sleep Midpoint

R? Adjusted Std. R? F Sig. F
R? Error Change  Change Change

Age .037 .020 1.665 037 2.102 153
Age .068 .033 1.654 .030 1.728 194
Gender
Age 262 220 1.485 195 13.712 <.001**
Gender
Sleep Quality
Age 316 262 1.445 .053 397 .052
Gender
Sleep Quality
Midpoint

Note. *Correlation is significant at the 0.05 level. **Correlation is significant at the 0.01
level. Sig. = significance value (p). Sleep Quality = PSQI (Pittsburgh Sleep Quality
Index) Midpoint = Sleep midpoint, in minutes after midnight.
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For total sleep time, the PSQI and CSD values were compared to evaluate how
consistent sleep duration was for each participant between retrospective and daily
reporting. TST between both measures was significantly correlated (r = 0.414, p =
<.001), indicating that retrospective and real-time reported sleep times were consistent
with each other. TST values from the PSQI or CSD were not significantly correlated with
MEQ or OCIR scores (see Appendix 2 for values). Mean TST per chronotype group was
also calculated and is displayed below. In all groups, individuals on average slept more
during the week of sleep diary reporting than they indicated they typically slept on the
PSQI. The difference between CSD and PSQI for the Evening group was 0.61 hours, the

Neither group was 0.42 hours, and the Morning group was 0.07 hours.
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Figure 5. Mean Total Sleep Time per Chronotype Group
TST = total sleep time in hours. CSD = Consensus Sleep Diary. PSQI = Pittsburgh Sleep

Quality Index. Hours are average per participant and the mean TST for each group and
measure is shown with the bars.
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An independent samples t-test revealed that there were no significant differences
in TST between chronotype groups on either measure. The two-sided significance value
was compared for this variable, since mean TST value between some groups overlapped.
A table of these t-tests can be referenced in Appendix 2.

In summary, individuals with increased eveningness tendencies on the MEQ
reported more obsessive-compulsive symptoms on the OCIR and worse sleep quality on
the PSQI. However, when grouped by chronotype, only morning versus evening types
showed a significant difference in both OCIR and PSQI scores, while individuals
categorized as neither type only showed a significant difference in OCIR compared to
morning types, and only showed a significant difference in PSQI compared to evening
types. Age and gender were not significantly correlated to either outcome variable. The
PSQI scores were more strongly correlated with OCIR scores than MEQ (p <.001 versus
p<.05, respectively). PSQI also explained the majority of the variance in a hierarchical
multiple linear regression model, at almost 20%, while MEQ score only explained 0.5%
of the variance. In a separate model using average sleep midpoint (calculated from the
CSD) instead of MEQ), sleep midpoint explained 5.3% of the variance. Total sleep time
between the CSD and the PSQI was comparable, and did not differ significantly between

chronotype groups, nor was it correlated with MEQ or OCIR scores.
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Chapter IV

Discussion

As stated in the previous section, the results of this study support both the primary
and secondary hypothesis. Increased eveningness was associated with increased
obsessive-compulsive symptom (OCS) reporting and worse sleep, and worse sleep was
also significantly associated with OCS. The sample population still scored low overall on
the OCIR, as predicted for a general population of “healthy” individuals without OCD.
Therefore, the trend observed in previous research that eveningness or delayed bedtimes
is associated with OCD is still present in sub-clinical levels. This finding validates the
continued research efforts into whether sleep disruptions may be one reason why healthy
individuals develop OCD.

That said, this study did find that sleep quality, as reported on the PSQI, had a
much larger influence on OCS. The importance of sleep quality for OCD, and mental
health in general, is consistent with existing literature, which has found correlations
between sleep quality or other sleep variables like bedtime on OCD severity or OCS
reports (Coles et al., 2012; Sack et al., 2007; Simor et al., 2018). However, the fact that
total sleep time (as reported on both the PSQI and the CSD) was not significantly
correlated with OCS or chronotype is notable. Sleep duration is a substantial part of
overall sleep quality and was often called out as a potential confound for late chronotypes
in previous studies (Coles & Goodman, 2020; Schubert, 2017). However, in this case, it

did not seem to be the primary driver of relationships between sleep quality and the
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outcome variables. Evening chronotypes did report less total sleep time on average than
the other two groups and showed the most disparate mean between retrospective and
daily reports, but the differences between the three chronotype groups was not
significant.

The results of this study also indicate that grouping individuals by chronotype
tends to yield less clear differences in these outcomes than by using continuous
morningness-eveningness scores. The majority of participants in this study fell into the
central category of “neither” chronotype, and no participants were categorized as
“definite morning” or “definite evening” types. This is to be expected based on the
normal distribution of the MEQ measure itself (Horne & Ostberg, 1977), but that may
have diluted the ability to find patterns when comparing groups in this study.

Additionally, sleep midpoint data from the CSD may be a better predictor of OCS
than MEQ score, as it explained a higher proportion of variance in the model than MEQ
and was more strongly correlated with OCIR score. Sleep midpoint also represents the
actual sleep timing of the participants in the study, averaged across a week, whereas
MEQ is simply a report of participants’ ideal schedules. This is a downside of the MEQ
overall. While sleep midpoint and MEQ scores were very strongly correlated in this
sample, indicating a relatively aligned preferred versus actual schedule, people are not
necessarily able to maintain their perfectly ideal timing in daily life due to external
demands.

Therefore, actual sleep timing may be more relevant when assessing symptoms
and overall mental health outcomes than personal preferences or inherent tendencies.

This is consistent with the study by Nota et al. (2020) that showed how shifting delayed
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sleep schedules earlier improved OCD symptoms during a treatment program. Regardless
of whether an individual identifies as an evening person, keeping to an earlier sleep
schedule may help to reduce OCS symptoms if those are concerning for them. This is
also supported by Schubert (2017), whose study showed that previous night’s sleep
timing predicted symptom severity the following day. While this study cannot make the
same type of claim, the usefulness of actual sleep timing versus static personal factors
like chronotype on potential OCS reduction is worth considering.

Finally, it is notable that neither age nor gender appeared to have significant
impacts on the outcome variables for this population. While it is well established that age
and gender typically show different trends in sleep and obsessive-compulsive tendencies
(Luke et al., 2021; Reynolds, 2015), in this case, these variables are likely not confounds

on the patterns observed between chronotype, sleep quality, and OCS in this sample.

Limitations

There are several limitations to this study. Because this study is only surveying
participants for a short time, their reports may not be representative of their normal sleep
patterns. Participant recall and self-reporting is also subject to errors, so they may over-
or under-estimate their sleep. In fact, several submissions of the sleep diary included
clear errors on time reporting that were corrected using the researcher’s best judgment.
Some individuals appeared to misunderstand the questions on the sleep diary that
specifically asked about what time their “final awakening” was. The intention of the
question was to determine when they woke up for the day, even if they did not get out of
bed at that time (i.e. woke up at 7:00 AM and got up at 7:30 AM). However, some

responses instead listed the last time that the individual woke up during the night, even if
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they went back to sleep afterwards (i.e. woke up at 3:00 AM and got up at 7:30 AM).
This could be verified and corrected based on their reports of how long, in total, they
spent awake during the night, but is indicative of the types of errors that occur in these
types of self-report questionnaires.

The use of sleep midpoint as another indicator of chronotype was subject to the
errors described above from self-report data, but is also subject to influence from external
requirements for sleep schedules. While the MEQ asks participants about their preferred
or ideal schedules, referred to as “free nights” (Amlaner et al., 2009), their sleep diaries
report on actual sleep timing. This may differ from their preferred schedule if they have
responsibilities like work, school, or childcare that impact their sleep timing. Therefore,
sleep diary entries from only free nights may better align with an individual’s actual
chronotype, but would require a much longer period of participation to gather adequate
data for this distinction.

The majority of effects found in this study were relatively small, even if they
reached statistical significance. While a sample size of 57 was adequate for statistical
power, a larger sample size may have improved results further, particularly to try to
capture the other two chronotype groups that were not found here (definite morning and
definite evening type). Distributing the study online and in college campus locations may
not provide a representative sample of the US adult population. Additionally, Prolific’s
participant base likely differs from the average person, given that they require
participants to volunteer to join their study pool.

To protect the privacy of the participants, this study did not ask for any

information regarding previous or current mental health diagnoses, including OCD. In a
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more resourced study, participants could be screened via more secure methods than
online open participation, such as phone calls or in person interviews. Therefore, it is not
possible to claim that all of the participants are “healthy,” i.e. not considered a clinical
sample. In fact, if the OCIR measure’s cutoff score for “consistency with OCD
diagnosis” (Wootton et al., 2015), indicated that over a third (33.5%) of the participants
in this study would potentially quality for an OCD diagnoses. This is dramatically higher
than the expected prevalence of OCD in the general population of 1-2% (APA, 2024).
Given that the OCIR is not a standalone diagnostic tool, there is no significant cause for
belief that this sample had such a large percentage of very obsessive-compulsive

individuals, but this cannot be definitively verified.

Future Research

As the majority of previous research studies have also stated, a larger sample size
could improve the findings of future research in this area. Additionally, the use of more
objective measures of sleep timing and circadian rhythms (such as dim-light melatonin
onset and wrist actigraphy) may help eliminate errors or biases, which require more
resources than were available for this study. It would be ideal to ask participants if they
have ever been diagnosed with OCD, along with potentially any other mental health
diagnoses like anxiety, to ensure that the sample is representative of the general
population. Following participants for a longer period of time may also improve the
accuracy of sleep reporting. Finally, it may be beneficial to study the factors involved in
sleep quality, both from the PSQI and from additional measures, to evaluate in more

detail which aspects are most important regarding OCS.
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Ultimately, this and similar studies are working towards understanding whether
sleep disruptions may be one reason why healthy individuals eventually develop OCD,
and if so, how and why this relationship occurs. To further this research goal, future
longitudinal studies may be key to establishing temporal precedence. If participants were
evaluated for chronotype and OCS at an early age, and sleep schedules were then tracked
for years, it may become clearer whether sleep schedules (and especially sleep schedule
shifts) influence any change in OCS reports. This is especially true given that adolescents
tend to experience a normal circadian sleep delay (Amlaner et al., 2009), and the age of
onset for OCD is typically late teens to early twenties (APA, 2024). Perhaps teenagers
who do not adjust back to an earlier sleep schedule after adolescence are at increased risk
(Amlaner et al, 2009; Coles et al., 2012).

Treatment implications are also important to consider in this area of research.
While several studies have shown the impacts of changing sleep schedules on OCD
severity (Coles & Sharkey, 2011; Nota et al., 2020), it is not clear whether a change to a
healthy individual’s sleep schedule would show any reduction of OCS reporting, or vice
versa. If sufficient evidence were present for this capability, the implications for treating
or even preventing OCD diagnoses would be revolutionary. Given that this study has at
least indicated that the relationship between OCS and chronotype is apparent in healthy
individuals, there are many potential avenues for increased exploration into this complex

and critical topic.
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Appendix 1.

Data Processing and Verification Tests

As described in Chapter III, Consensus Sleep Diary submissions were reviewed
for accuracy, and some incorrect times had to be adjusted based on the researcher’s best
judgement, i.e. reporting going to bed later than going to sleep (see Table 7 below).

Box plots and histograms for each variable were visually inspected for outliers
(see Figures 6-8 below). One individual scored particularly high on the PSQI (20), which
is 3.32 standard deviations above the mean for this sample, and thus this data point was
removed as an outlier. Shapiro-Wilk tests, Levene’s tests, and collinearity diagnostics
were conducted for each variable, with the results listed in Table 8 below. Only the OCIR
scores were non-normally distributed, which skewed positive and this was addressed with

a square root transformation of the OCIR scores.

Table 7. Adjustments to Consensus Sleep Diary

Q4: What Q5: What time Q9: What time Q10: What time
time did you did you try to was your final did you get out of

get into bed? go to sleep? awakening? bed for the day?
1. Original: 12:30 12:20 06:00 09:30
Correction: 12:20 12:30 09:30* -
2. Original: 01:30 01:25 - -
Correction: 01:25 01:30
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3. Original:

Correction:

4. Original:

Correction:

5. Original:

Correction:

6. Original:

Correction:

7. Original:

Correction:

8. Original:

Correction:

9. Original:

Correction:

10. Original:
Correction

Q4: What
time did you
get into bed?

0:00
23:50

21:05
21:00

21:00

01:00
12:30

23:30
23:01

22:40

02:30
02:00

22:00

Q5: What time
did you try to
go to sleep?

23:50
0:00

21:00
21:05

09:30
21:30

12:30
01:00

23:01
23:30

11:00
23:00

02:00
02:30

05:00
22:00

Q9: What time
was your final
awakening?

03:00
07:00%*

Q10: What time
did you get out of
bed for the day?

07:00

Note. *Based on the reported total amount of time spent as awake during the night and
reported total sleep time, the participant likely misinterpreted this question and the time

was adjusted to match end of sleep.
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Table 8. Normality, Homogeneity, and Collinearity Tests by Chronotype

Levene’s Shapiro-Wilk VIF
(mean)

PSQI 460 977 1.00
Sig. .634 344
MEQ 4.56* 974 1.11
Sig. 015 256
OCIR 1.20 .920%* -
Sig. .309 .001
OCIR.sqrt 2.00 961 1.31
Sig. 145 067

Note. *Significant at the 0.05 level. **Significant at the 0.01 level. Sig. = significance
value (p). MEQ failed Levene’s test for homogeneity of variances by chronotype by
default, as chronotype groups are identified by different MEQ ranges. VIF for original
OCIR scores was not conducted once normality testing failed. PSQI = Pittsburgh Sleep
Quality Index, MEQ = Morningness-Eveningness Questionnaire, OCIR = Obsessive
Compulsive Inventory — Revised, OCIR.sqrt = transformed OCIR scores.
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Figure 6. Box plots and histograms for PSQI.

PSQI data distribution with the outlier is shown in A and B, and without the outlier in C
and D. PSQI = Pittsburgh Sleep Quality Index.
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transformation in C and D. OCIR = Obsessive Compulsive Inventory — Revised, sqrt —
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No transformations or outlier removals were needed for this data.
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Appendix 2.

Post-Hoc Analyses: Supplemental Results

As discussed in Chapter III, TST values from the PSQI or CSD were not
significantly correlated with MEQ or OCIR scores, and an independent samples t-test
revealed that there were no significant differences in TST between chronotype groups on
either measure. The two-sided significance value was compared for this variable, since

mean TST value between some groups overlapped.

Table 9. Correlation Matrix with Total Sleep Time

TST TST MEQ OCIR
(PSQI) (CSD)
TST Pearson’s r - - - -
(PSQI) Sig. - - - -
TST Pearson’s r A14%* - - -
(CSD) Sig. .001 - - -
MEQ Pearson’s r 140 -.030 - -
Sig. .299 .823 - -
OCIR Pearson’s r -.184 -.120 -281%* -
Sig. 172 373 .035 -

Note. *Correlation is significant at the 0.05 level. **Correlation is significant at the 0.01
level. All significance tests are 2-tailed. Sig. = significance value (p). TST = Total Sleep
Time, OCIR = Obsessive Compulsive Inventory — Revised, MEQ = Morningness-
Eveningness Questionnaire, PSQI = Pittsburgh Sleep Quality Index, CSD = Consensus
Sleep Diary. MEQ and OCIR correlation is discussed in Chapter II1.
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Table 10. Independent Samples T-Tests for Total Sleep Time

PSQI CSD
Morning vs. t 345 -.736
Neither Sig. 732 466
Evening vs. t -1.782 -1.103
Neither Sig. .082 276
Evening vs. t 1.478 477
Morning Sig. 155 .638

Note. *Correlation is significant at the 0.05 level. **Correlation is significant at the 0.01
level. T-tests are two-sided and equal variances are assumed. Sig. = significance value
(p). PSQI = Pittsburgh Sleep Quality Index, CSD = Consensus Sleep Diary, Morning =
Moderate Morning chronotype, Evening = Moderate Evening chronotype, Neither =
Neither Chronotype.
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Appendix 3.

Measures and Recruitment Materials

The following measures were adapted for use on Qualtrics and Prolific platforms,

but are copied on the following pages in their original form for reference.
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NovoPsych

Obsessive-Compulsive Inventory - Revised (OCI-R) (OCI-R)

Instructions:

The following statements refer to experiences that many people have in their everyday lives. Select the
option that best describes how much that experience has distressed or bothered you during the PAST
MONTH.

Not at all A little Moderately A lot Extremely
1 :Nf;a;\/\l/e saved up so many things that they get in the 0 1 2 3 4
2 | check things more often than necessary. 0 1 2 3 4
3 | I get upset if objects are not arranged properly. 0 1 2 3 4
4 || feel compelled to count while | am doing things. 0 1 2 3 4
5 | find it difficult to touch an object when | know it has 0 1 2 3 4
been touched by strangers or certain people.

6 | 1find it difficult to control my own thoughts. 0 1 2 3 4
7 |1 collect things | don’t need. 0 1 2 3 4
8 || repeatedly check doors, windows, drawers, etc. 0 1 2 3 4
9 { rﬁﬁ; :lpset if others change the way | have arranged 0 1 2 3 4
10 || feel | have to repeat certain numbers. 0 1 2 3 4
1 [\sorimestie o vt oy deanmotsingy | 1 2 3 s
12 m%gﬁ;:ﬁ;uﬁfﬁm thoughts that come into my 0 1 2 3 4
13 :na:;ﬁidn?ergv;i"r;ggﬂ:grs. away because | am afraid | 0 1 2 3 4
i [l e e 2 0 1 2 3 ‘
15 | I need things to be arranged in a particular way. 0 1 2 3 4
16 || feel that there are good and bad numbers. 0 1 2 3 4

Page 1 of 2
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NovoPsych

Not at all Alittle Moderately Alot Extremely
| wash my hands more often and longer than
T necessary. 0 1 2 3 4
| frequently get nasty thoughts and have difficulty in
LS getting rid of them. 0 1 2 3 4

Developer Reference:

Foa, E. B., Huppert, J. D., Leiberg, S., Langner, R., Kichic, R., Hajcak, G., & Salkovskis, P. M. (2002). The
Obsessive-Complusive Inventory: Development and validation of a short version. Psychological Assessment,
14(4), 485-495. https://doi.org/10.1037//1040-3590.14.4.485

.' Administer Now

Page 2 of 2
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MORNINGNESS-EVENINGNESS QUESTIONNAIRE (MEQ)

Instructions:

X Please read each question very carefully before answering.

X Please answer each question as honestly as possible.

X Answer ALL questions.

X Each question should be answered independently of others. Do NOT go back and check your answers.

1. What time would you get up if you were entirely free to plan your day?

11:00 AM — 12 NOON

12 NOON —5:00 AM

5:00 — 6:30 AM 5
6:30 — 7:45 AM 4
7:45 - 9:45 AM 3
9:45-11:00 AM 2
1
0

2. What time would you go to bed if you were entirely free to plan your evening?

8:00 — 9:00 PM

9:00 - 10:15 PM

10:15 PM — 12:30 AM

12:30 — 1:45 AM

1:45 -3:00 AM

3:00 AM —-8:00 PM

O |—= (N |[W|h

3. If there is a specific time at which you have to get up in the morning, to what extent do you
depend on being woken up by an alarm clock?

Not at all dependent

Slightly dependent

Fairly dependent

Very dependent

4
3
2
1

4. How easy do you find it to get up in the morning (when you are not woken up unexpectedly)?

Not at all easy

Not very easy

Fairly easy

Very easy

1
2
3
4
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5. How alert do you feel during the first half hour after you wake up in the morning?

Not at all alert
Slightly alert
Fairly alert
Very alert

Bl [—=

6. How hungry do you feel during the first half-hour after you wake up in the morning?

Not at all hungry 1
Slightly hungry 2
Fairly hungry 3
Very hungry 4

7. During the first half-hour after you wake up in the morning, how tired do you feel?

Very tired 1
Fairly tired 2
Fairly refreshed 3
Very refreshed 4

8. If you have no commitments the next day, what time would you go to be d compared to your
usual bedtime?

Seldom or never later
Less than one hour later
1-2 hours later

More than two hours later

— N (W]

9. You have decided to engage in some physical exercise. A friend suggests that you do this for one
hour twice a week and the best time for him is between 7:00 — 8:00 am. Bearing in mind nothing
but your own internal “clock”, how do you think you would perform?

Would be in good form 4
Would be in reasonable form 3
Would find it difficult 2
Would find it very difficult 1

10. At what time of day do you feel you become tired as a result of need for sleep?

8:00 — 9:00 PM
9:00 — 10:15 PM
10:15 PM — 12:45 AM
12:45 —2:00 AM

2:00 - 3:00 AM

—IN | WA W
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11. You want to be at your peak performance for a test that you know is going to be mentally
exhausting and will last for two hours. You are entirely free to plan your day. Considering only
your own internal “clock”, which ONE of the four testing times would you choose?

8:00 AM - 10:00 AM 4
11:00 AM — 1:00 PM 3
2
1

3:00 PM — 5:00 PM
7:00 PM - 9:00 PM

12. If you got into bed at 11:00 PM, how tired would you be?

Not at all tired 1
A little tired 2
Fairly tired 3
Very tired 4

13. For some reason you have gone to bed several hours later than usual, but there is no need to get
up at any particular time the next morning. Which ONE of the following are you most likely to
do?

Will wake up at usual time, but will NOT fall back asleep
Will wake up at usual time and will doze thereafter

Will wake up at usual time but will fall asleep again

Will NOT wake up until later than usual

— N W

14. One night you have to remain awake between 4:00 — 6:00 AM in order to carry out a night
watch. You have no commitments the next day. W hich ONE of the alternatives will suite you
best?

Would NOT go to bed until watch was over
Would take a nap before and sleep after
Would take a good sleep before and nap after
Would sleep only before watch

BN —=

15. You have to do two hours of hard physical work. You are entirely free t o plan your day and
considering only your own internal “clock” which ONE of the following time would you choose?

8:00 AM — 10:00 AM
11:00 AM — 1:00 PM
3:00 PM - 5:00 PM
7:00 PM —9:00 PM

— N W
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16. You have decided to engage in hard physical exercise. A friend suggests that you do this for one
hour twice a week and the best time for him is between 10:00 — 11:00 PM. Bearing in mind
nothing else but your own internal “clock” how well do you think you would perform?

Would be in good form 1
Would be in reasonable form 2
Would find it difficult 3
Would find it very difficult 4

17. Suppose that you can choose your own work hours. Assume that you worked a FIVE hour day
(including breaks) and that your job was interesting and paid by results). Which FIVE
CONSECUTIVE HOURS would you select?

5 hours starting between 4:00 AM and 8:00 AM
5 hours starting between 8:00 AM and 9:00 AM
5 hours starting between 9:00 AM and 2:00 PM
5 hours starting between 2:00 PM and 5:00 PM

5 hours starting between 5:00 PM and 4:00 AM

— (N [W |

18. At what time of the day do you think that you reach your “feeling best” peak?

5:00 — 8:00 AM

8:00 —10:00 AM
10:00 AM — 5:00 PM
5:00 — 10:00 PM
10:00 PM — 5:00 AM

— N[

19. One hears about “morning” and “evening” types of people. Which ONE of these types do you
consider yourself to be?

Definitely a “morning” type
Rather more a “morning” than an “evening” type
Rather more an “evening” than a “morning” type
Definitely an “evening” type

SN[
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Pittsburgh Sleep Quality Index (PSQI)

Instructions: The following questions relate to your usual sleep habits during the past month only. Your answers should
indicate the most accurate reply for the majority of days and nights in the past month. Please answer all questions.
During the past month,

1. When have you usually gone to bed?

2. How long (in minutes) has it taken you to fall asleep each night?

3. When have you usually gotten up in the morning?

4. How many hours of actual sleep did you get that night? (This may be different than the number of hours

you spend in bed)

5. During the past month, how often have you had Not during | Less than Once or Three or
trouble sleeping because you... the past once a twice a more times
month (0) week (1) week (2) a week (3)

a. Cannot get to sleep within 30 minutes

b. Wake up in the middle of the night or early morning
c. Have to get up to use the bathroom

d. Cannot breathe comfortably

e. Cough or snore loudly

f. Feel too cold

g. Feel too hot

h. Have bad dreams

i. Have pain

j. Other reason(s), please describe, including how often
you have had trouble sleeping because of this
reason(s):

6. During the past month, how often have you taken
medicine (prescribed or “over the counter”) to help you
sleep?

7. During the past month, how often have you had
trouble staying awake while driving, eating meals, or
engaging in social activity?

8. During the past month, how much of a problem has it
been for you to keep up enthusiasm to get things

done?
Very Fairly Fairly Very
good (0) good (1) bad (2) bad (3)
9. During the past month, how would you rate your sleep
quality overall?
Component 1 #9 Score C1
Component 2 #2 Score (< 15min (0), 16-30 min (1), 31-60 min (2), >60 min (3))
+ #5a Score (if sum is equal 0=0; 1-2=1; 3-4=2; 5-6=3) C2
Component 3  #4 Score (>7(0), 6-7(1), 5-6(2), <5 (3) C3
Component 4  (total # of hours asleep)/(total # of hours in bed) x 100 C4
>85%=0, 75%-84%=1, 65%-74%=2, <65%=3
Component 5  # sum of scores 5b to 5j (0=0; 1-9=1; 10-18=2; 19-27=3) C5
Component 6  #6 Score C6
Component 7  #7 score + #8 score (0=0; 1-2=1; 3-4=2; 5-6=3) Cc7
Add the seven component scores together Global PSQI Score

Reprinted from Journal of Psychiatric Research, 28(2), Buysse, D.]., Reynolds III, C.E, Monk, T.H., Berman, S.R., &
Kupfer, D.J. The Pittsburgh Sleep Quality Index: A New Instrument for Psychiatric Practice and Research, 193-213,
Copyright 1989, with permission from Elsevier Science.

Try This: Best Practices in Nursing Care to Older Adults, A series from the Hartford Institute for Geriatric Nursing www.hartfordign.org
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Consensus Sleep Diary-Core

ID/Name:

Sample

Today's date 4/5/11
1. What time did =
you get into bed? 2015 p.m
2. What time did
you try to go to 11:30 p.m
sleep?
3. How long did it
take you to fall 55 min.
asleep?
4. How many
times did you
wake up, not 3 times
counting your final
awakening?
5. In total, how 1 hour
long did these .
awakenings last? 10 min.
6. What time was -
your final 235801
awakening?
7. What time did 7:20 a.m
you get out of bed
for the day?
8. How would you | O Very poor O Very poor O Very poor O Very poor O Very poor O Very poor 0O Very poor 0 Very poor
rate the qu:"fv of | @ Poor O Poor O Poor O Poor O Poor O Poor O Poor O Poor
your sleep O Fair O Fair O Fair O Fair O Fair O Fair O Fair 0O Fair

0 Good O Good O Good O Good O Good O Good O Good O Good
0 Very good O Very good O Very good O Very good O Very good O Very good O Very good O Very good

9. Comments
if applicable
(if appl ) 1 have a cold

57




Study Information Posted Online:

Chronotype and Mental Health Study

This research aims to examine the relationship between an individual's sleep and wake
cycle, referred to as chronotype or morningness-eveningness variation, and the degree to
which they agree or disagree with statements about their behavior and mental states. We
expect that you will be in this research study for one week. You will be asked to complete
several questionnaires during the first day of the study, in a single sitting, lasting
approximately 30 minutes. For the subsequent six days, you will be asked to complete a
short questionnaire each day, lasting approximately 5 minutes.

Chronotype and Mental Health Follow-Up: Consensus Sleep Diary (CSD)

This sleep diary is the follow-up questionnaire for the original Chronotype and Mental
Health study. You are invited to participate in these follow-up surveys because you have
already completed several online questionnaires during the first day of the study. For six
days, you will be asked to complete a short online questionnaire each day, lasting
approximately 5 minutes. You will be sent a reminder to fill out the survey for that day.
Try to fill out the survey in the morning, ideally within one hour of waking up. If you
miss a day, no action is required, and you are still able to complete the survey for any
subsequent days. If you miss a day, do not fill out the survey multiple times in one
day to catch up for the previous day that you missed - simply skip it and proceed
with the current day's survey. At the end of the seven days, your participation will be
complete.
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Informed Consent Form:

Study Title: Chronotype and Mental Health

Researcher: Monica C Green

Faculty Advisor: Edward Pace-Schott, PhD

Key Information

The following is a short summary of this study to help you decide whether to be a part of this
study. More detailed information is listed later in this form.

Why am | being invited to take part in a research study?
We invite you to take part in a research study because you are an adult at least 18 years old,
speak English fluently, and are not employed in overnight shift work.

What should | know about a research study?

e Whether or not you take part is up to you.

e Your participation is completely voluntary.

* You can choose not to take part.

* You can agree to take part and later change your mind.

e Your decision will not be held against you.

e Your refusal to participate will not result in any consequences or any loss of benefits
that you are otherwise entitled to receive.

* You can ask all the questions you want before you decide.

Why is this research being done?

This research aims to examine the relationship between an individual's preferred sleep and
wake cycle, referred to as chronotype or morningness-eveningness variation, and the degree to
which they agree or disagree with statements about their behavior and mental states. Previous
research indicates that differences in sleep schedules may be associated with reporting
behaviors or experiences that are similar to symptoms of disorders such as obsessive-
compulsive disorder, even in individuals who do not have obsessive-compulsive disorder or
other mental health conditions.

How long will the research last and what will | need to do?

We expect that you will be in this research study for one week. You will be asked to complete
several questionnaires during the first day of the study, in a single sitting, lasting approximately
30 minutes. For the subsequent six days, you will be asked to complete a short questionnaire
each day, lasting approximately 5 minutes.
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Is there any way being in this study could be bad for me?

While we don’t anticipate any risks by participating in this study, the questionnaires ask you to
reflect on personal behaviors and thoughts that may be difficult or embarrassing to disclose.
Your responses will be labeled only with a numerical ID, but it is possible to feel somewhat
uncomfortable dwelling on the topics of the questions.

Will being in this study help me in any way?
e We cannot promise any benefits to you or others from your taking part in this research.
However, possible benefits include a better understanding of your behavior, daily
schedule, or tendencies.

What happens if | do not want to be in this research?

Participation in research is completely voluntary. You can decide to participate, not participate,
or discontinue participation at any time without penalty or loss of benefits to which you are
otherwise entitled.

Detailed Information

The following is more detailed information about this study in addition to the information listed
above.

What is the purpose of this research?

Individual variation in sleep schedules and preferred active times is normal and is referred to as
chronotype or morningness-eveningness. Morning or early chronotypes rise earlier, feel best in
the morning, and retire earlier than their counterparts. Evening types, on the other hand, are
the opposite, and people in the middle are considered neither type. Evidence indicates that
some chronotypes may be more likely to report insomnia, depression, negative affect (poor
mood), and other psychological disorder symptoms. Individuals with extremely shifted sleep
schedules may be diagnosed with sleep disorders. It is common for comorbid diagnoses
(simultaneous diagnoses in the same person) of sleep disorders and psychological disorders.

This study focuses on symptoms of obsessive-compulsive disorder (OCD). The behaviors and
thought processes commonly associated with OCD are present in most individuals along a
spectrum. Some people report very infrequent instances of only a few features, while others
report many symptoms frequently, even if they are still below the threshold required for
diagnosis with the disorder. Individuals with higher relative levels of these sub-clinical symptoms
may be at increased risk for later being diagnosed, but it is not yet known why some people
remain healthy and others cross the threshold for diagnosis.

Given that sleep disruption can negatively impact mental functioning and mood regulation, it is
important to understand how sleep schedule is related to mental health symptoms, especially
given the high comorbidity of sleep disorders and mental disorders. This study aims to evaluate
whether healthy individuals (i.e., people without an OCD diagnosis) with varying chronotypes
report systematically different levels of obsessive-compulsive symptomes. If so, this supports
further research efforts into whether difficulties with sleep are a potential risk factor for
individuals eventually developing OCD.
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How long will | take part in this research and what happens during this study?
We expect that you will be in this research study for one week (seven days).

First, you will be asked to complete several online questionnaires during the first day of the
study, in a single sitting, lasting approximately 30 minutes. You may complete these surveys on
any personal device that has internet access.

For the subsequent six days, you will be asked to complete a short online questionnaire each
day, lasting approximately 5 minutes. You will be sent a reminder to fill out the survey for that
day. If you miss a day, no action is required, and you are still able to complete the survey for any
subsequent days. At the end of the seven days, your participation will be complete.

What happens if | say yes, but | change my mind later?

You can leave the research at any time; it will not be held against you. If you do not complete
the initial questionnaires on day one of the study, your data will not be saved and you will not
be compensated for time spent on day one. If you complete the initial surveys but do not want
to continue at any point during the subsequent six days, you will be compensated for your time
spent thus far and your data will be utilized in this research. You do not need to take any action
to stop participation during the week - simply do not fill out the additional surveys. If you fill out
some of the surveys, but not all of them, your responses will be saved and you will be
compensated for your time.

If I take part in this research, how will my privacy be protected? What happens to the
information you collect?

Efforts will be made to limit the use and disclosure of your Personal Information to people who
have a need to review this information for the purposes of this research. We cannot promise
complete secrecy. Organizations that may inspect and copy your information include the IRB
and other representatives of this organization.

Your information or samples that are collected as part of this research will not be used or
distributed for future research studies. Your responses will be labeled only with an anonymous
ID.

For participants who signed up via the direct Qualtrics link: If you accessed this study through
the direct link, you will be assigned an alphanumeric ID, and you will need to provide an email
address for compensation purposes and survey reminders. Your email address will not be stored
with your responses and will be deleted after use. The gift card will be emailed directly to you,
which does not require any additional contact information from you to receive or redeem.

For participants who signed up via Prolific: Compensation and reminders will be distributed
directly from this platform, with no personal information or contact details ever visible to the
researcher. The study should automatically populate with your Prolific ID, but if it does not,
there will be a place for you to type in your Prolific ID manually.

What else do | need to know?
Compensation - If you agree to take part in this research study, you will be paid for your time
and effort.
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For participants who signed up via the direct Qualtrics link: You will be paid $10 for the first set
of survey responses, and an additional $1 for each day of the follow-up surveys over the course
of the week. You will receive a digital Amazon gift card sent to the provided email address.

For participants who signed up via Prolific: Compensation will be awarded via Prolific’s
payment platform at the rate of $10 per hour. If you do not complete the initial questionnaires
on day one of the study, your data will not be saved and you will not be compensated for time
spent on day one. If you complete the initial surveys but do not want to continue at any point
during the subsequent six days, you will be compensated for your time spent thus far and your
data will be utilized in this research.

Who can I talk to?
If you have questions, concerns, or complaints, or think the research has hurt you, talk to the
research team at mog381@g.harvard.edu.

This research has been reviewed and approved by the Harvard University Area

Institutional Review Board (“IRB”). You may talk to them at (617) 496-2847 or
cuhs@harvard.edu if:

e Your questions, concerns, or complaints are not being answered by the research team.
* You cannot reach the research team.

* You want to talk to someone besides the research team.

* You have questions about your rights as a research subject.

e You want to get information or provide input about this research.

By clicking the button below, you acknowledge:
. Your participation in the study is voluntary.
. You are 18 years of age.

. You are aware that you may choose to terminate your participation at any time for any
reason.

O | consent, begin the study

© | do not consent, | do not wish to participate
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