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Abstract

Whereas previous research has indicated that sleep problems tend to co-occur with
increased mental health issues in university students, relatively little is known about rela-
tions between sleep quality and mental health in university students with generally healthy
sleep habits. Understanding relations between sleep and mental health in individuals with
generally healthy sleep habits is important because (a) student sleep habits tend to worsen
over time and (b) even time-limited experience of sleep problems may have significant impli-
cations for the onset of mental health problems. In the present research, 69 university stu-
dents with generally healthy sleep habits completed questionnaires about sleep quality and
mental health. Although participants did not report clinically concerning mental health
issues as a group, global sleep quality was associated with mental health. Regression anal-
yses revealed that nighttime sleep duration and the frequency of nighttime sleep disruptions
were differentially related to total problems and clinically-relevant symptoms of psychologi-
cal distress. These results indicate that understanding relations between sleep and mental
health in university students with generally healthy sleep habits is important not only due to
the large number of undergraduates who experience sleep problems and mental health
issues over time but also due to the potential to intervene and improve mental health out-
comes before they become clinically concerning.

Introduction

The undergraduate years are a period of vulnerability when considering sleep problems and
mental health. Sleep problems tend to worsen over time in undergraduate students [1], a find-
ing which is concerning as even the time-limited experience of significant sleep problems is
associated with reduced mental health outcomes [2]. In terms of mental health, approximately
25% of university students who did not report a mental health issue at a baseline assessment
ultimately reported a mental health problem 2 years later; approximately 60% of students in
that study experienced continuity in the report of at least one mental health issue over time.
Approximately 50% of the students who reported continuous mental health issues across
assessments did not seek mental health treatment [3]. Taken together, these findings suggest
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that the sleep problems experienced by undergraduate students may not be inconsequential:
they may develop into more significant problems over time and may have implications for
mental health outcomes.

Previous research has indicated that sleep problems are associated with poorer mental
health outcomes from childhood to adulthood (including increased depression, anxiety,
aggression, and delinquent behaviors; see references [4-13]). Existing studies have not yet
addressed, however, whether sleep is associated with impairments in mental health in univer-
sity students with generally healthy sleep habits. Understanding relations between sleep and
mental health in this population may be important due to the potential to intervene and
improve student mental health outcomes before they become clinically concerning. Global
sleep quality is likely an important construct to study in relation to mental health in university
students with generally healthy sleep habits as this measure often includes both objective (sleep
latency and duration, for example) and subjective elements of sleep (such as enthusiasm for
daytime activities and perceived sleep quality) [14]. Addressing the potential differential
impact of various components of sleep quality on mental health functioning may also be infor-
mative in that global sleep quality and its individual components may be differentially associ-
ated with mental health outcomes.

Previous research has established that sleep problems are associated with impaired mental
health in childhood and beyond. For example, 2- to 3-year-old children with parent-reported
poorer sleep behaviors were more likely to experience increased externalizing (such as inatten-
tion-hyperactivity and physical aggression) and internalizing (such as emotional issues and
anxiety) problems relative to those with better nighttime sleep habits [4]. Other research sug-
gests that 2- to 5-year-olds with sleep problems are at risk for increased externalizing and total
problems, particularly if they obtain fewer than 11 hours of sleep in a 24-hour period [5].
Work conducted with school-aged children replicates and extends these findings. In one
report, 7- to 12-year-old children with more fragmented nighttime sleep were rated by their
parents as experiencing significantly more delinquent behaviors, thought problems, and total
problems relative to children with better sleep habits. Notably, children with more fragmented
nighttime sleep received nominally higher scores on each of the included scales, indicating
greater problem behaviors pertaining to aggression, attention, withdrawal, somatic complaints,
anxiety-depression, and social functioning as well as overall externalizing and internalizing
symptomatology [6]. Taken together, these findings indicate that problematic nighttime sleep
habits during the school years are related to observable manifestations of behavioral difficulties
that may have consequences for child functioning [15-16].

Relations between sleep and mental health have been confirmed and extended in adoles-
cents and young adults. For example, findings from one study indicate that approximately 67%
of adolescents with multiple sleep problems (e.g., trouble falling asleep, staying asleep, or early
awakening) were classified as having a DSM-relevant anxiety or depressive disorder (see refer-
ence [17] for similar work conducted with pre-adolescents). In community samples of adults,
poorer sleep quality has been associated with increased reports of externalizing (such as rule-
breaking behaviors and physical aggression; see reference [9]) and internalizing (such as
depression and anxiety; see references [7-8]) problems relative to what is found in participants
with better nighttime sleep quality. Discrete aspects of sleep quality have also been associated
with mental health functioning in these samples. In one report, shorter nighttime sleep dura-
tion was related to reduced mood and increased anxiety in young adults [10]. Other research
suggests that nighttime sleep disturbances, defined as trouble falling asleep, staying asleep, or
waking up too early, are associated with both increased anxiety and depression [11-12, 18]. In
university students in particular, nighttime sleep disturbances have been shown to predict
depression, somatization, obsessive-compulsive behaviors, and psychological distress [13].

PLOS ONE | DOI:10.1371/journal.pone.0156372 June 9, 2016 2/14



@’PLOS ‘ ONE

Sleep and Mental Health

Previous research has consistently documented a high prevalence of sleep problems and
mental health issues in university students [19-22]. When considering sleep issues, nearly half
of approximately 2000 Taiwanese college students reported experiencing sleep problems, with
insufficient sleep being the most commonly reported issue [23]. When considering mental
health problems, approximately half of American young adults surveyed in a national cross-
sectional study reported that they were affected by a clinically-relevant psychiatric problem
diagnosed according to DSM-IV criteria within the previous year [24]. Importantly, the major-
ity of those who were diagnosed with an anxiety or mood disorder did not seek any form of
treatment, such as visiting a physician or psychologist or taking relevant medications.

As indicated previously, a much larger proportion of university students experiences occa-
sional sleep problems than meets criteria for clinically relevant sleep disorders. Understanding
relations between sleep and mental health in individuals with generally healthy sleep habits is
important because student sleep habits tend to worsen over time and even time-limited experi-
ence of sleep problems may have significant implications for the onset of mental health prob-
lems [2]. Findings indicating associations between sleep and mental health in university
students with generally healthy sleep habits would suggest that potential benefits of intervening
early with the goal of improving mental health outcomes before they become clinically con-
cerning. As such, understanding associations between sleep and mental health in university
students with generally healthy sleep habits may have important implications for mental health
practices across university campuses.

The goal of the present research was (a) to examine whether self-reported sleep quality and
mental health were associated in university students with generally healthy sleep habits. Stu-
dents were identified as having generally healthy sleep habits if they went to bed before 2:00am
at least four nights per week, obtained six or more hours of sleep per night, and scored 10 or
less at enrollment on a sleepiness questionnaire. In addition, students with generally healthy
sleep habits did not have a history of diagnosed sleep disorders, they did not have abnormal
sleep habits, and they did not take nighttime sleep aids more than three nights per week.
Because previous research has focused on the differential contributions of nighttime sleep
duration and nighttime sleep disruptions to mental health outcomes [10-12, 18, 25-28], an
additional goal (b) was to examine whether these aspects of global sleep quality differentially
contributed to self-reported mental health. Based on previous research [7-9], we expected that
poorer nighttime sleep quality would be related to externalizing and internalizing symptom-
atology as well as total problems. Finally, we hypothesized that individual variability in night-
time sleep duration and the frequency of nighttime sleep disruptions would differentially
predict some of the measured mental health outcomes, particularly total problems and clini-
cally-relevant symptoms of psychological distress.

Method

Ethics Statement

As reported previously [29], the completion of this study was approved by the Institutional
Review Board at the University of California, Irvine (HS #2010-7686). A waiver of written
informed consent was granted for the online screening portion of the study; eligible partici-
pants signed informed consent statements before completing the questionnaire battery.

Participants

Seventy-one students at a large public university in the southwest were selected to participate
after having been recruited through the undergraduate participant pool or through advertise-
ments placed on campus. The data from one graduate student were excluded from analysis as
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well as the data from one undergraduate student who failed to comply with study protocol.
The data from 69 undergraduate students (37 females) are presented (mean age = 20 years,
range 18 to 25 years). Thirty-four of the participants were of Asian descent, 26 were of Cauca-
sian descent, five were of mixed race, and one was of African American descent; three partici-
pants did not report race information. Eleven of the participants identified as Hispanic; one
participant did not report ethnicity information. Participants elected to receive either $25 in
cash or three points of extra course credit in appreciation for their participation.

Procedure

Recruitment. Participants were selected based on their responses to an online screening
questionnaire that was developed for this study based on previous research [30]. The survey
included questions about whether respondents were ever diagnosed with a sleep disorder,
whether respondents were being treated for a sleep disorder, if they had any abnormal sleep
patterns whether they were taking any prescription or over-the-counter sleep aids, on how
many nights they went to bed after 2:00am in an average week, how many hours of sleep they
obtained on an average night, and if they were taking any psychoactive medications. Partici-
pants also completed the Epworth Sleepiness Scale (ESS; [31]) and were asked about their will-
ingness to abstain from caffeine, alcohol, tobacco, and illegal substances during the 12-hour
delay between the two study sessions. Finally, potential participants were asked whether
English was their native language; students who were not native English speakers were asked to
indicate in which language they were most comfortable reading and speaking. These selection
criteria were included due to the goals of the larger study from which the presented data were
drawn.

Given our interest in examining sleep-mental health associations in university students with
generally healthy sleep habits, at least relative to university students recruited more broadly, eli-
gible students went to bed before 2:00am at least four nights per week, obtained six or more
hours of sleep per night, and scored 10 or less on the ESS [31]. They also reported that they
were native English speakers or were as comfortable conversing and reading in English as they
were in their native language. Additionally, eligible students did not have a history of diagnosed
sleep disorders, their reported abnormal sleep habits were not identified as abnormal by the
researchers (e.g., having trouble sleeping before a major exam), they did not take nighttime
sleep aids more than three nights per week, and were not taking any psychoactive medications.
Eligible students were also willing to abstain from caffeine, alcohol, tobacco, and illegal sub-
stances during their participation in the study. Five hundred fifty-eight students completed the
online screening questionnaire but were ineligible to participate: 38 went to bed before 2:00am
fewer than three nights per week, 12 commonly obtained less than six hours of sleep per night,
129 scored a 10 or greater on the ESS [31], 11 were not native English speakers or were more
comfortable speaking and/or reading in their native language than in English, one was diag-
nosed with a sleep disorder, three cited abnormal sleep patterns that were unspecified or veri-
fied as abnormal by the researchers, six used nighttime sleep aids, five were using psychoactive
medications, and 59 were unwilling to adhere to the study protocol; 294 students were ineligi-
ble for multiple reasons.

Enrollment. Eligible students were contacted by phone or email about continuing their
participation in the study. Students who agreed to participate were randomly assigned to arrive
at the laboratory for their first session at either 9:00am or 9:00pm, a manipulation that was
imposed due to the larger goals of the study from which the presented data were drawn.

Questionnaire battery. After informed consent was obtained, each participant completed
the questionnaire battery described below. Participants were also provided with contact
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information for the university counseling center due to the sensitive nature of some items on
the questionnaires; participants were instructed to contact them with any mental health issues
or concerns.

Measures

Eligible participants completed a battery of questionnaires that included the ESS [31], the Pitts-
burgh Sleep Quality Index (PSQI; [14]), and the Adult Self Report Form (ASR; [32]). Partici-
pants also completed the Adult Temperament Questionnaire (ATQ; [33]), which is the focus
of another report (see reference [29]).

Epworth Sleepiness Scale (ESS). The ESS [31] is an eight-item questionnaire that assesses
current sleepiness by asking participants to indicate how likely they would be to doze if they
were in particular situations that are differentially soporific, including those in which most peo-
ple would be expected to fall asleep (e.g., lying down to rest during the afternoon) and others in
which only the sleepiest of individuals would be expected to doze (e.g., while sitting and talking
with someone). Participants rated each item on a scale from zero (would never doze) to three
(high chance of dozing). This measure has high internal consistency and test-retest reliability
[34](0. = .72 in the current sample). The responses to the 8 items on the ESS [31] were summed
to indicate the levels of sleepiness experienced by participants at the start of the first session;
higher values are indicative of increased sleepiness.

Pittsburgh Sleep Quality Index (PSQI). The PSQI [14] assesses participant sleep quality
over the past 30 days through 19 questions that inquire about quantitative and qualitative
aspects of participant sleep habits. Quantitative questions inquire about the time participants
usually go to bed at night, the time participants commonly wake up in the morning, the
amount of time participants spend asleep at night, and the frequency with which participants
experience various nighttime sleep disruptions; qualitative questions inquire about perceived
sleep quality and enthusiasm for completing daily activities. This inventory is commonly
regarded as the gold standard for assessing subjective sleep quality because it has been validated
on individuals with good and poor sleep habits and because it has acceptable levels of internal
homogeneity and test-retest stability [14] (o. = .61 in the current sample).

Responses to the 19 primary questions on the PSQI [14] were reduced to provide informa-
tion on seven different components of sleep; these component scores were then summed to
yield a global measure of participant sleep quality. Higher composite scores indicate worse
sleep quality, with scores greater than five being indicative of categorically poor sleep quality.

We also examined two additional variables from the PSQI in relation to participant mental
health. Information about nighttime sleep duration was obtained from one question that
inquired about the amount of sleep obtained at night on average over the past month. Informa-
tion about the frequency of nighttime sleep disruptions was computed from eight questions
inquiring as to how often participants experienced trouble sleeping for various reasons. Partici-
pant responses to each question were coded from zero (if participants were not affected by the
problem) to three (if participants experienced the problem three or more times per week). The
codes on these items were then summed to yield a continuous sleep disruption score.

Adult Self Report Form (ASR). Mental health was assessed using the ASR [32]. The ASR
asks participants to report on their general behaviors and substance use over the past six
months. Participants respond to many of the questions by rating their answers on a scale rang-
ing from zero (not true) to two (very true or often true). Responses to the individual items are
combined to yield syndrome scale scores on aggressive behaviors, intrusive problems, and rule-
breaking issues (which are combined to yield information on externalizing problems) as well as
anxious behaviors, somatic complaints, and withdrawn tendencies (which are combined to
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yield information on internalizing problems); a total problems score is also obtained. In addi-
tion, the ASR yields information on clinically-relevant symptoms of psychological distress
including antisocial personality problems, anxiety problems, attention deficit/hyperactivity
problems, avoidant personality problems, depressive problems, and somatic problems. Impor-
tantly, these scales reflect behaviors that were previously identified as being highly consistent
with DSM-IV categories [35]. The ASR has been shown to have high internal consistency and
test-retest reliability [32].

The data from the ASR [32] were reduced using the Assessment Data Management (ADM)
software available from the publisher. The analyzed output included total scores pertaining to
syndrome scales (including internalizing and externalizing disorders) as well as clinically-rele-
vant symptoms of psychological distress (such as anxiety and depression). As described in the
ASR manual, the syndrome scales were statistically derived and were comprised of sets of
behaviors that tend to co-occur, whereas the DSM-relevant scales were derived from items that
a panel of psychiatrists and psychologists deemed consistent with specific DSM-IV diagnostic
categories [35]. Although some of the same questions are represented in the scores for the syn-
drome and the DSM-relevant scales, the latter are more specific and generally include fewer
items.

The total scores obtained from the ASR were inspected for outliers, identified as values that
were three or more standard deviations above or below the mean. Outlying values were trun-
cated to the highest acceptable value in the dataset plus one, as recommended in reference [36].
The total scores from each scale were z-scored before analysis as recommended in the ASR
data reduction manual [32].

Data Analysis

The data were analyzed using SPSS Version 20. The general analytic approach parallels that
used to examine associations between participant sleep quality and its components in relation
to temperament in this sample [29]. Preliminary analyses of variance (ANOV As) were con-
ducted to determine whether group assignment, race, and ethnicity were associated with partic-
ipant sleepiness at the first session, global sleep quality over the past month, and mental health.
Correlations were then conducted to examine whether global sleep quality, nighttime sleep
duration, and the frequency of nighttime sleep disruptions were associated with the syndrome
scales and clinically-relevant symptoms of psychological distress on the ASR. Finally, we con-
ducted multiple regression analyses to examine whether two components of nighttime sleep
quality, namely nighttime sleep duration and the frequency of nighttime sleep disruptions, dif-
ferentially predicted self-reported mental health. We chose to examine these components of
nighttime sleep quality as predictors given that they have been related to psychological func-
tioning in previous reports [10-12, 18, 25-28]. Both of these variables were statistically accept-
able as candidates for inclusion as separate predictors of mental health, such that they were
significantly correlated with sleep quality but were uncorrelated with one another. So as to
limit the number of regressions that were conducted, analyses were conducted on the three
ASR syndrome scales and six DSM-relevant scales that (a) were correlated with global sleep
quality at p < .05 and (b) were correlated with either nighttime sleep duration or the frequency
of nighttime sleep disruptions at p < .10.

Results

Descriptive statistics for the main study variables, including the percent of participants in the
clinical range on each ASR variable, are shown in Table 1.
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Table 1. Descriptive Statistics for Primary Study Measures (N = 69).

Study Variables Mean £ SD Percent in Clinical Range

Epworth Sleepiness Scale

Sleepiness Score 6.70 £ 3.70
Pittsburgh Sleep Quality Index
Global Sleep Quality 4.65 +2.38
Adult Self Report
Externalizing Problems 47.29 + 8.59
Aggressive Problems 51.90 + 2.93
Intrusive Problems 52.90 +5.12
Rule-Breaking Problems 52.71 £ 4.21
Internalizing Problems 50.41 +8.79
Anxious Problems 55.00 + 6.03
Somatic Problems 53.01 £5.40
Withdrawn Problems 53.39 £ 5.82
Total Problems 47.99 +7.29
DSM-Oriented Scales
Antisocial Personality Problems 52.87 £ 4.07
Anxiety Problems 54.16 + 6.24
Attention Deficit/Hyperactivity Problems 53.54 +4.70
Avoidant Personality Problems 55.42 + 6.96
Depressive Problems 53.38 + 4.37
Somatic Problems 52.54 + 5.31

NA

NA

0%
0%
1%
0%
6%
3%
1%
3%
0%

0%
4%
1%
6%
1%
1%

Note: Overall scores are reported for the Epworth Sleepiness Scale and the Pittsburgh Sleep Quality Index;
T scores are reported for the ASR variables. Borderline clinical scores are not reflected in the percent listed

in the clinical range. The presented data are unadjusted for outliers or covariates.

doi:10.1371/journal.pone.0156372.t001

Preliminary Analyses

Between-subjects analyses of variance (ANOV As) were conducted to determine whether group
assignment (testing at 9:00am or 9:00pm), race (Asian American relative to all other races),
and ethnicity (Hispanic relative to non-Hispanic) were associated with participant sleepiness,
global sleep quality, and mental health. Participant sex and age were not considered as covari-
ates, as the ASR output is adjusted for these variables. The analyses revealed no differences by

group assignment, whereas group differences were found by race and ethnicity on mental

health outcomes but not on participant sleepiness or global sleep quality (additional informa-
tion on specific group differences may be obtained from the second author). Given these signif-
icant differences, we included participant race (0 = Asian American or 1 = all other races) and
ethnicity (0 = non-Hispanic or 1 = Hispanic) as categorical covariates in all subsequent analy-
ses. As a result, the data from three participants without race values and one participant with-

out an ethnicity value were excluded from the following analyses. Significant results are

presented when p < .05.

Bivariate Relations among Sleep Quality and Mental Health

Partial correlations among continuous measures of sleep quality and self-reported mental

health are shown in Table 2, whereas partial correlations among the seven PSQI component

scores and self-reported mental health are shown in Table 3.
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Table 2. Correlations among Continuous Sleep Measures and Self-Reported Mental Health.

ASR Factors and Scales Global Sleep Quality Nighttime Sleep Duration Nighttime Sleep Disruptions
Syndrome Scales
Externalizing Problems .39* -.20 .15
Aggressive Problems .38* -22 .02
Intrusive Problems .03 -.02 14
Rule-Breaking Problems 42% -.16 .18
Internalizing Problems .35% -.18 A7
Anxious Problems 31* -.21 .06
Somatic Problems A4* -11 .50*
Withdrawn Problems -.03 -.06 -.20
Total Problems A46* -.24 .24
DSM-Oriented Scales
Antisocial Personality Problems 37* -12* .07
Anxiety Problems 41* -.21 27*
Attention Deficit/Hyperactivity Problems 37* -.18 .20
Avoidant Personality Problems A2 -.07 -.02
Depressive Problems A46* -.23 .20
Somatic Problems 27% .00 .55%

Note: Significant findings are indicated (*) when p < .05.

doi:10.1371/journal.pone.0156372.1002

Table 3. Correlations among PSQI Components (Range 0-3) and Self-Reported Mental Health.

ASR Factors and Scales Disruptions Duration Dysfunction Efficiency Latency Medication Quality

Syndrome Scales

Externalizing Problems 13 .21 .25% 1 .32* .10 .33*
Aggressive Problems -.07 .28* .25 .08 .34* .02 .39*
Intrusive Problems .09 -.02 -.06 -.03 .10 .09 -.04
Rule-Breaking Problems 27* .15 .32% .20 .24 12 .34*

Internalizing Problems .07 .19 .15 .39* .19 -.01 31*
Anxious Problems -.05 .22 .18 .35% A7 -12 31*
Somatic Problems .45% .19 .02 .36* .24 .21 .33*
Withdrawn Problems -27* -.02 .00 13 -.04 .00 .03

Total Problems .16 .25 .25% .30* .29% .04 A41%*

DSM-Oriented Scales

Antisocial Personality Problems .06 22 .20 A1 .32% A1 .35%

Anxiety Problems 14 .21 .08 .21 37* .01 44*

Attention-Deficit/Hyperactivity Problems .21 A7 .32% 14 .28* .00 .26%*

Avoidant Personality Problems -12 .08 .07 .23 .07 -.04 12

Depressive Problems .10 .29* .21 .39* .30* -.08 40*

Somatic Problems 51* .02 -.02 .25% .07 .26* .18

Note: The continuous sleep efficiency data were truncated to 100% and scored accordingly for 3 participants who reported more time asleep than time
spent in bed. Correlations were conducted controlling for participant race (0 = Asian American or 1 = all other races) and ethnicity (0 = non-Hispanic or
1 = Hispanic). Significant findings are indicated (*) when p < .05.

doi:10.1371/journal.pone.0156372.1003
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Table 4. Regressions among Continuous Sleep Measures and Total Problems on the ASR.

b SE(b)

Model 1

Race -.26 .26

Ethnicity -.32 .38
Model 2

Race -.31 .25

Ethnicity -.32 .36

Nighttime sleep duration -.23* A1

Nighttime sleep disruptions .07* .04

R? A5
AR? A2%

Note: Regressions were conducted controlling for participant race (0 = Asian American or 1 = all other
races) and ethnicity (0 = non-Hispanic or 1 = Hispanic). AR? reflects the change in R? from Model 1 to
Model 2. Significant findings are indicated (*) when p < .05.

doi:10.1371/journal.pone.0156372.t004

Examining Nighttime Sleep Duration and Disruptions as Predictors of
Mental Health

We conducted one regression examining the relation between nighttime sleep duration and the
frequency of nighttime sleep disruptions on the syndrome scales pertaining to total problems
(Table 4). We then conducted three additional regression analyses on the DSM-relevant scales
pertaining to anxiety problems, depressive problems, and somatic complaints (Table 5). Pre-
dictors included race and ethnicity (Step 1) and nighttime sleep duration and the frequency of
sleep disruptions (Step 2).

Syndrome scales. Nighttime sleep duration was negatively associated with total problems
and the frequency of nighttime sleep disruptions was positively associated with total problems.
Race and ethnicity were unassociated with total problems.

Table 5. Regressions among Continuous Sleep Measures and Select DSM-Relevant Factor Scores.

Anxiety Depressive Somatic
Problems Problems Complaints
b SE(b) b SE(b) b SE(b)
Model 1
Race .34 .26 -.25 .26 .28 .26
Ethnicity -.09 .38 .05 .38 .16 .38
Model 2
Race .30 .25 -.30 .25 .28 .23
Ethnicity -10 .36 .05 .37 .04 .32
Nighttime sleep duration -.21 1 -.22 1 -.03 .10
Nighttime sleep disruptions .08* .04 .06 .04 16%* .03
R? 14 A1 .33
AR? 2% 10% .30%

Note: Regressions were conducted controlling for participant race (0 = Asian American or 1 = all other
races) and ethnicity (0 = non-Hispanic or 1 = Hispanic). AR? reflects the change in R? from Model 1 to
Model 2. Significant findings are indicated (*) when p < .05.

doi:10.1371/journal.pone.0156372.t005
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DSM-relevant scales. The frequency of nighttime sleep disruptions was positively associ-
ated with increased report of anxiety and somatic complaints but not depressive problems;
nighttime sleep duration was not associated with reports of anxiety, depressive problems, or
somatic complaints. Race and ethnicity were also unassociated with each of these mental health
outcomes.

Discussion

Understanding relations between sleep and mental health in university students with generally
healthy sleep habits is important because student sleep habits tend to worsen over time [1] and
even time-limited experience of sleep problems may have significant implications for the onset
of mental health problems [2]. The primary goal of the present research was to (a) to examine
whether participant sleep quality was associated with self-reported mental health in university
students with generally healthy sleep habits and (b) to determine whether two components of
sleep quality, namely nighttime sleep duration and the frequency of nighttime sleep disrup-
tions, were differentially predictive of mental health outcomes. The results of this study provide
insight as to relations between sleep and mental health in a population of individuals that is at
risk for sleep problems [23, 37-38] and psychiatric distress [24]. As such, the findings are rele-
vant not only to undergraduate students but also to university counselors and other officials
who have an interest in promoting student health.

The conducted analyses indicated that reduced nighttime sleep quality was associated with
various aspects of undergraduate mental health. Specifically, poorer global sleep quality was
related to increased externalizing problems, particularly when considering scales associated with
aggressive and rule-breaking problems (see reference [9]). Poorer sleep quality was also associ-
ated with increased internalizing problems, particularly when considering scales measuring anx-
iety and somatic complaints (see references [8, 18, 25, 38]). In addition, poorer global sleep
quality was related to increased total problems and was widely associated with clinically-relevant
symptoms of psychological distress, including increased antisocial personality problems, anxiety
problems, attention deficit/hyperactivity problems, depressive problems, and somatic com-
plaints. As such, these data indicate that poorer global sleep quality is broadly associated with
reduced mental health in university students—even those with generally healthy sleep habits.

Regression analyses revealed that nighttime sleep duration and the frequency of nighttime
sleep disruptions were differentially associated with total problems and certain DSM-oriented
scales. In particular, the analyses showed that reduced nighttime sleep duration and increased
frequency of nighttime sleep disruptions were associated with self-reported total problems.
Examination of clinically-relevant symptoms of psychological distress on the DSM-oriented
scales indicated that nighttime sleep disruptions were associated with anxiety problems and
somatic complaints but not with depressive problems; nighttime sleep duration was unassoci-
ated with mental health on each of the analyzed DSM-relevant scales. Taken together, these
findings suggest that although nighttime sleep duration and the frequency of nighttime sleep
disruptions may be associated with particular aspects of mental health, other specific sleep-
related behaviors not analyzed in this report may be influential as well. As evidence of this, we
found significant associations between global sleep quality and DSM-relevant depressive prob-
lems, but neither nighttime sleep duration nor the frequency of nighttime sleep disruptions
were significant predictors in the conducted regression analysis. Future work is needed to
determine which particular aspects of poor sleep quality are associated with reduced function-
ing in these areas.

One of the primary strengths of this research was in our inclusion of the ASR as a measure
of participant mental health. This self-report instrument is a clinically-validated measure of
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mental health that allows for the analysis of both externalizing and internalizing problems as
well as more specific behavioral issues, including those directly related to DSM disorders. As
mentioned previously, the ASR has sound psychometric properties and has been used exten-
sively in clinical settings [32]. Although only a small minority of participants in our sample
reported mental health scores in the clinical range, this work is clinically relevant in that (a)
individuals with sub-clinical sleep problems may go on to develop clinically-relevant sleep dis-
orders and (b) the development of such sleep problems is associated with mental health out-
comes. For example, a longitudinal study of over 2000 adults revealed that of the 63% of
participants who did not have insomnia at baseline, more than 15% went on to report insomnia
only 12 months later [39]. In other research, 13% of young adults who did not have insomnia
at baseline developed it during the 3% year follow-up period [11]. Research also suggests that
even the time-limited experience of sleep problems is associated with impaired mental health:
in one study, adults who previously reported but were not currently experiencing insomnia
were more likely to experience mental health issues than individuals who never reported
insomnia. Those who had previously reported but were not currently experiencing insomnia
had fewer mental health issues relative to those who were experiencing insomnia at the time or
who had experienced continued insomnia across two interviews [2].

In light of the demonstrated associations between poor sleep and mental health problems in
this and other research, future studies should be conducted to examine how existing sleep
interventions impact mental health, both in students with sleep problems and in those with
generally healthy sleep habits. There is a growing body of literature examining the efficacy of
sleep interventions in college populations, with most interventions focused on psychoeduca-
tional sleep programs, mindfulness or relaxation training, and cognitive behavioral therapy
[40-44]. Cognitive behavioral therapy in particular has been effective at improving nighttime
sleep [45-47] and mental health outcomes in individuals with [48] and without insomnia (for
a review, see reference [49]). Such training programs could potentially serve an important pre-
ventative role in promoting healthy sleep habits and mental health outcomes in university
students.

Given the potential implications of better understanding relations among sleep and mental
health outcomes in university students, future research should address some of the limitations
of this research and the larger literature more generally. One of the main limitations of this
work is the relatively small sample size that resulted from the imposed exclusion criteria. As
mentioned, participants routinely went to bed before 2:00am, they commonly slept for at least
6 hours per night, they did not routinely take sleep aids, and they agreed to abstain from caf-
feine, alcohol, tobacco, and illegal substances during their participation in the study. As such,
our sample may not be representative of the general population of university students, who
likely experience more severe sleep problems. As evidence of this, only 11% of university stu-
dents in previous research [37] received a score indicative of good sleep quality on the Sleep
Quality Index [50] whereas 73% of students experienced occasional sleep problems. In our
study, 71% of participants had good sleep quality scores on the PSQI [14]. Comparisons of
these data must be made cautiously because they were obtained using different instruments
with unique means of identifying participants with good sleep quality. However, these data
suggest that our participants had generally healthy sleep habits, at least relative to university
students who were recruited more broadly in other research. Similarly, our results likely do not
generalize to adults with the healthiest of sleep habits (due to, for example, our relatively liberal
criterion of recruiting participants who routinely obtained at least 6 hours of sleep at night; the
National Sleep Foundation recommends 7-9 hours per night for young adults; see reference
[51]). Relatedly, the present study was conducted at one large public university with its own
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unique culture and sociodemographic characteristics. For these reasons, caution must be taken
when attempting to generalize our findings in the absence of replication at other institutions.
Although future work is needed, the conducted research indicates that poorer sleep quality
is associated with reduced mental health in university students with generally healthy sleep
habits; regression analyses further revealed the manner in which nighttime sleep duration and
the frequency of nighttime sleep disruptions predicts mental health outcomes when controlling
for participant race and ethnicity. Although only a minority of the tested students experienced
clinically concerning mental health issues, understanding relations between sleep and mental
health in university students with generally healthy sleep habits is important because (a) under-
graduate students may experience worsening sleep over time [1] in association with (b) increas-
ing mental health problems [3]-although whether sleep problems are the cause or consequence
of mental health issues remains to be determined. Future research should examine whether
existing sleep interventions might improve sleep and mental health outcomes in university stu-
dents with generally healthy sleep habits so as to improve mental health outcomes before they
become clinically concerning. If successful, such prevention efforts could have significant
implications for individual students as well as for university campuses more broadly.
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(SAV)

Acknowledgments

We thank the participants who contributed to this work as well as to the members of the UCI
Memory and Development Lab who assisted with data collection and reduction.

Author Contributions

Conceived and designed the experiments: AFL. Performed the experiments: AFL HMM. Ana-
lyzed the data: AFL HMM. Wrote the paper: AFL HMM.

References

1. Pilcher JJ, Ginter DR, Sadowsky B. Sleep quality versus sleep quantity: Relationships between sleep
and measures of health, well-being, and sleepiness in college students. J Psychosom Res. 1997;
6:583-96.

2. Ford DE, Kamerow DB. Epidemiologic study of sleep disturbances and psychiatric disorders: An oppor-
tunity for prevention? J Am Med Assoc. 1989; 262:1479-84.

3. ZivinK, Eisenberg D, Gollust SE, Golberstein E. Persistence of mental health problems and needs in a
college student population. J Affect Disord. Elsevier B.V.; 2009; 117(3):180-5.

4. Reid GJ, Hong RY, Wade TJ. The relation between common sleep problems and emotional and behav-
ioral problems among 2- and 3-year-olds in the context of known risk factors for psychopathology. J
Sleep Res. 2009; 18:49-59. doi: 10.1111/j.1365-2869.2008.00692.x PMID: 19250175

5. Lavigne JV, Arend R, Rosenbaum D, Smith A, Weissbluth M, Binns HJ, et al. Sleep and behavior prob-
lems among preschoolers. J Dev Behav Pediatr. 1999; 20:164-9. PMID: 10393073

6. Sadeh A, Gruber R, Raviv A. Sleep, neurobehavioral functioning, and behavior problems in school-age
children. Child Dev. 2002; 73:405-17. PMID: 11949899

7. Ramsawh HJ, Stein MB, Belik S-L, Jacobi F, Sareen J. Relationship of anxiety disorders, sleep quality,
and functional impairment in a community sample. J Psychiatr Res. Elsevier Ltd; 2009; 43:926-33.

8. Stein MB, Belik S-L, Jacobi F, Sareen J. Impairment associated with sleep problems in the community:
Relationship to physical and mental health comorbidity. Psychosom Med. 2008; 70:913-9. doi: 10.
1097/PSY.0b013e3181871405 PMID: 18842741

PLOS ONE | DOI:10.1371/journal.pone.0156372 June 9, 2016 12/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0156372.s001
http://dx.doi.org/10.1111/j.1365-2869.2008.00692.x
http://www.ncbi.nlm.nih.gov/pubmed/19250175
http://www.ncbi.nlm.nih.gov/pubmed/10393073
http://www.ncbi.nlm.nih.gov/pubmed/11949899
http://dx.doi.org/10.1097/PSY.0b013e3181871405
http://dx.doi.org/10.1097/PSY.0b013e3181871405
http://www.ncbi.nlm.nih.gov/pubmed/18842741

@’PLOS ‘ ONE

Sleep and Mental Health

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

Barclay NL, Eley TC, Maughan B, Rowe R, Gregory AM. Associations between diurnal preference,
sleep quality and externalizing behaviours: A behavioural genetic analysis. Psychol Med. 2011;
41:1029-40. doi: 10.1017/S0033291710001741 PMID: 20836908

Glozier N, Martiniuk A, Patton G, Ivers R, Li Q, Hickie |, et al. Short sleep duration in prevalent and per-
sistent psychological distress in young adults: The DRIVE study. Sleep. 2010; 33:1139-45. PMID:
20857859

Breslau N, Roth T, Rosenthal L, Andreski P. Sleep disturbance and psychiatric disorders: A longitudinal
epidemiological study of young adults. Biol Psychiatry. 1996; 39:411-8. PMID: 8679786

Buysse DJ, Angst J, Gamma A, Ajdacic V, Eich D, Rossler W. Prevalence, course, and comorbidity of
insomnia and depression in young adults. Sleep. 2008; 31:473-80. PMID: 18457234

Taylor DJ, Gardner CE, Bramoweth AD, Williams JM, Roane BM, Grieser EA, et al. Insomnia and men-
tal health in college students. Behav Sleep Med. 2011; 9:107-16. doi: 10.1080/15402002.2011.557992
PMID: 21491233

Buysse DJ, Reynolds CF Ill, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep Quality Index: A
new instrument for psychiatric practice and research. Psychiatry Research. 1989. p. 193-213.

Sadeh A, Gruber R, Raviv A. The effects of sleep restriction and extension on school-age children:
What a difference an hour makes. Child Dev. 2003; 74:444-55. PMID: 12705565

Taras H, Potts-Datema W. Sleep and student performance at school. J Sch Health. 2005; 75:248-54.
PMID: 16102087

Paavonen EJ, Solantaus T, Almqvist F, Aronen ET. Four-year follow-up study of sleep and psychiatric
symptoms in preadolescents: Relationship of persistent and temporary sleep problems to psychiatric
symptoms. J Dev Behav Pediatr. 2003; 24:307—14. PMID: 14578691

Gregory AM, Buysse DJ, Willis TA, Rijsdijk FV, Maughan B, Rowe R, et al. Associations between sleep
quality and anxiety and depression symptoms in a sample of young adult twins and siblings. J Psycho-
som Res. 2011; 71:250-5. doi: 10.1016/}.jpsychores.2011.03.011 PMID: 21911103

Wong ML, Lau EYY, Wan JHY, Cheung SF, Hui CH, Mok DSY. The interplay between sleep and mood
in predicting academic functioning, physical health and psychological health: A longitudinal study. J
Psychosom Res. 2013; 74:271-7. doi: 10.1016/j.jpsychores.2012.08.014 PMID: 23497826

Concepcion T, Barbosa C, Vélez JC, Pepper M, Andrade A, Gelaye B, et al. Daytime sleepiness, poor
sleep quality, eveningness chronotype and common mental disorders among Chilean college students.
J Am Coll Heal. 2014; 62:441-8.

Nyer M, Farabaugh A, Fehling K, Soskin D, Papakostas Gl, Pedrelli P, et al. Relationship between
sleep disturbance and depression, anxiety, and functioning in college students. Depress Anxiety. 2014;
30:1-14.

Lund HG, Reider BD, Whiting AB, Prichard JR. Sleep patterns and predictors of disturbed sleep in a
large population of college students. J Adolesc Heal. 2010; 46:124-32.

Yang C-M, Wu C-H, Hsieh M-H, Liu M-H, Lu F-H. Coping with sleep disturbances among young adults:
A survey of first-year college students in Taiwan. Behav Med. 2003; 29:133-8. PMID: 15206832

Blanco C, Okuda M, Wright C. Mental health of college students and non-college-attending peers:
Results from the National Epidemiologic Study on Alcohol and Related Conditions. Arch Gen Psychia-
try. 2008; 65:1429-37. doi: 10.1001/archpsyc.65.12.1429 PMID: 19047530

Chapman DP, Presley-Cantrell LR, Liu Y, Perry GS, Wheaton AG, Croft JB. Frequent insufficient sleep
and anxiety and depressive disorders among U.S. community dwellers in 20 states, 2010. Psychiatr
Serv. 2013; 64:385—7. doi: 10.1176/appi.ps.201200226 PMID: 23543168

Gau SS-F, Shang C-Y, Merikangas KR, Chiu Y-N, Soong W-T, Cheng AT-A. Association between
morningness-eveningness and behavioral/emotional problems among adolescents. J Biol Rhythms.
2007; 22:268-74. PMID: 17517916

Kahn-Greene ET, Killgore DB, Kamimori GH, Balkin TJ, Killgore WDS. The effects of sleep deprivation
on symptoms of psychopathology in healthy adults. Sleep Med. 2007; 8:215-21. PMID: 17368979

Scharf R, Silver EJ, Stein RE. Nighttime sleep duration and externalizing behaviors in preschool chil-
dren. J Dev Behav Pediatr. 2010; 31:384-91.

Lukowski AF, Milojevich HM. Sleep quality and temperament among university students: Differential
associations with nighttime sleep duration and disruptions. Behav Sleep Med. 2014; 12:1-14.

Ellenbogen JM, Hulbert JC, Stickgold R, Dinges DF, Thompson-Schill SL. Interfering with theories of
sleep and memory: Sleep, declarative memory, and associative interference. Curr Biol. 2006; 16:1290—
4. PMID: 16824917

Johns MW. A new method for measuring daytime sleepiness: The Epworth Sleepiness Scale. Sleep.
1991. p. 540-5. PMID: 1798888

PLOS ONE | DOI:10.1371/journal.pone.0156372 June 9, 2016 13/14


http://dx.doi.org/10.1017/S0033291710001741
http://www.ncbi.nlm.nih.gov/pubmed/20836908
http://www.ncbi.nlm.nih.gov/pubmed/20857859
http://www.ncbi.nlm.nih.gov/pubmed/8679786
http://www.ncbi.nlm.nih.gov/pubmed/18457234
http://dx.doi.org/10.1080/15402002.2011.557992
http://www.ncbi.nlm.nih.gov/pubmed/21491233
http://www.ncbi.nlm.nih.gov/pubmed/12705565
http://www.ncbi.nlm.nih.gov/pubmed/16102087
http://www.ncbi.nlm.nih.gov/pubmed/14578691
http://dx.doi.org/10.1016/j.jpsychores.2011.03.011
http://www.ncbi.nlm.nih.gov/pubmed/21911103
http://dx.doi.org/10.1016/j.jpsychores.2012.08.014
http://www.ncbi.nlm.nih.gov/pubmed/23497826
http://www.ncbi.nlm.nih.gov/pubmed/15206832
http://dx.doi.org/10.1001/archpsyc.65.12.1429
http://www.ncbi.nlm.nih.gov/pubmed/19047530
http://dx.doi.org/10.1176/appi.ps.201200226
http://www.ncbi.nlm.nih.gov/pubmed/23543168
http://www.ncbi.nlm.nih.gov/pubmed/17517916
http://www.ncbi.nlm.nih.gov/pubmed/17368979
http://www.ncbi.nlm.nih.gov/pubmed/16824917
http://www.ncbi.nlm.nih.gov/pubmed/1798888

@’PLOS ‘ ONE

Sleep and Mental Health

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Achenbach TM, Rescorla LA. Manual for the ASEBA adult forms and profiles. Burlington, VT: Univer-
sity of Vermont Research Center for Children, Youth, and Families; 2003.

Evans DE, Rothbart MK. Developing a model for adult temperament. J Res Pers. 2007; 41:868-88.

Johns MW. Reliability and factor analysis of the Epworth Sleepiness Scale. Sleep. 1992. p. 376-81.
PMID: 1519015

Achenbach TM, Bernstein A, Dumenci L. DSM-oriented scales and statistically based syndromes for
ages 18 to 59: Linking taxonomic paradigms to facilitate multitaxonomic approaches. J Pers Assess.
2005; 84:49-63. PMID: 15639767

Tabachnik GG, Fidell L. Experimental designs using ANOVA. Belmont, CA: Duxbury; 2007.

BuboltzZWC Jr., Brown F, Soper B. Sleep habits and patterns of college students: A preliminary study. J
Am Coll Heal. 2001; 50:131-5.

Galambos NL, Howard AL, Maggs JL. Rise and fall of sleep quantity and quality with student experi-
ences across the first year of university. J Res Adolesc. 2010; 21:342-9.

Morphy H, Dunn KM, Lewis M, Boardman HF, Croft PR. Epidemiology of insomnia: A longitudinal study
in a UK population. Sleep. 2007; 30:274-80. PMID: 17425223

Means MK, Lichstein KL, Epperson MT, Johnson CT. Relaxation therapy for insomnia: Nighttime and
day time effects. Behav Res Ther. 2000; 38:665—-78. PMID: 10875189

Caldwell K, Hall ED, Harrison M, Adams M. Developing mindfulness in college students through move-
ment based courses: Effects on self-regulatory self-efficacy, mood, stress, and sleep quality. J Am Coll
Heal. 2011; 58:433—-42.

GaoR, LvY,LiX, ZhouK, Jin X, Dang S, et al. Effects of comprehensive sleep management on sleep
quality in university students in mainland China. Sleep Biol Rhythms. 2014; 12:194-202.

Brown FC, Buboltz WC Jr., Soper B. Development and evaluation of the Sleep Treatment and Educa-
tion Program for Students (STEPS). J Am Coll Heal. 2006; 54:231-7.

Trockel M, Manber R, Chang V, Thurston A, Tailor CB. An e-mail delivered CBT for Sleep-Health Pro-
gram for College Students: Effects on sleep quality and depression symptoms. J Clin Sleep Med. 2011;
7:276-81. doi: 10.5664/JCSM.1072 PMID: 21677898

Edinger JD, Wohlgemuth WK, Radtke RA, Marsh GR, Quillian RE. Cognitive behavioral therapy for
treatment of chronic primary insomnia. J Am Med Assoc. 2001; 285:1856—64.

Bastien CH, Morin CM, Ouellet M-C, Blais FC, Bouchard S. Cognitive-behavioral therapy for insomnia:
Comparison of individual therapy, group therapy, and telephone consultations. J Consult Clin Psychol.
2004; 72:653—-9. PMID: 15301650

Okajima I, Komada Y, Inoue Y. A meta-analysis on the treatment effectiveness of cognitive behavioral
therapy for primary insomnia. Sleep Biol Rhythms. 2011; 9:24-34.

Taylor DJ, Lichstein KL, Weinstock J, Sanford S, Templee JR. A pilot study of cognitive-behavioral ther-
apy of insomnia in people with mild depression. Behav Ther. 2007; 38:49-57. PMID: 17292694
Hofmann SG, Asnaani A, Vonk IJJ, Sawyer AT, Fang A. The efficacy of cognitive behavioral therapy: A
review of meta-analyses. Cognit Ther Res. 2012; 36:427—40. PMID: 23459093

Urponen H, Partinen M, Vuori |, Hasan J. Sleep quality and health: Description of the Sleep Quality
Index. In: Peter JH, editor. Sleep and Health Risk. Berlin: Springer; 1991. p. 555-8.

Hirshkowitz M, Whiton K, Albert SM, Alessi C, Bruni O, DonCarlos L, et al. National Sleep Foundation’s
sleep time duration recommendations: Methodology and results summary. Sleep Heal. 2015; 1:40-3.

PLOS ONE | DOI:10.1371/journal.pone.0156372 June 9, 2016 14/14


http://www.ncbi.nlm.nih.gov/pubmed/1519015
http://www.ncbi.nlm.nih.gov/pubmed/15639767
http://www.ncbi.nlm.nih.gov/pubmed/17425223
http://www.ncbi.nlm.nih.gov/pubmed/10875189
http://dx.doi.org/10.5664/JCSM.1072
http://www.ncbi.nlm.nih.gov/pubmed/21677898
http://www.ncbi.nlm.nih.gov/pubmed/15301650
http://www.ncbi.nlm.nih.gov/pubmed/17292694
http://www.ncbi.nlm.nih.gov/pubmed/23459093

