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Abstract

Disturbed sleep is prevalent in adult populations and has been associated with negative health outcomes. This cross-sectional
study assessed how psychological and lifestyle factors relate to subjective sleep quality in university students. In a large (N=
1114) sample of Dutch university students we assessed chronotype (Morningness-Eveningness Questionnaire), depressive
symptoms (Quick Inventory of Depressive Symptoms), cognitive emotion regulation styles (Cognitive Emotion Regulation
Questionnaire), and substance use (caffeine, alcohol, smoking, cannabis), and analysed whether these factors were related to
subjective sleep quality (Pittsburgh Sleep Quality Index). The sample was predominantly (77.8%) female, mean age 21.1 (SD =
2.9) years, and 42.8% had clinically significant poor subjective sleep quality. More eveningness (B =-.05, p=.001), more
depressive symptoms (B=.31, p=.001), less use of the emotion regulation strategy ‘putting into perspective’ (B =—.06,
p=.02) and smoking (B =.53, p=.02) were independently associated with poorer subjective sleep quality. More eveningness,
more depressive symptoms, less use of the emotion regulation style ‘putting into perspective’ and smoking were independently
associated with poorer subjective sleep quality in a large sample of Dutch university students.
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We spend about one third of our lives asleep (Siegel, 2005).
Sufficient and restorative sleep is considered a cornerstone of
both mental and physical health (Siegel, 2005). Yet, sleep
problems such as difficulty falling and remaining asleep are
highly prevalent in adult populations (Buysse et al., 1989;
Ohayon, 2002; Léger et al., 2000).

Research has consistently shown that disturbed sleep can
have detrimental effects on physical health, psycho-social
well-being and psychological functioning (Roth, 2007). For
example, disturbed sleep has been associated with heart dis-
ease (Kanagala et al., 2003) and an increased risk of
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developing neurodegenerative disorders such as Alzheimer’s
disease (Burke et al., 2018). Disturbed sleep can also nega-
tively affect cognitive functioning (Diekelmann, 2014), as
well as academic performance (Curcio et al., 2006) and qual-
ity of life more generally (Léger et al., 2001; Ohayon et al.,
1997).

Good sleep quality, on the other hand, has positive effects
on daily emotional functioning and reduced stress reactivity
(Blaxton et al., 2017). Thus, it is important to determine po-
tential modifiable risk factors of poor sleep quality so that
negative health outcomes may be prevented.

Particularly young adults and students seem to be at risk of
developing sleep problems (Buboltz Jr et al., 2009).
Longitudinal research has shown that the transition from ad-
olescence to adulthood is marked by several social and bio-
logical changes that may affect sleep quality. Young adults
typically do not continue to execute the sleep habits acquired
during childhood or adolescence (Park et al., 2019). The new
lifestyle challenges young adults are faced with can lead to the
development of sleep difficulties in this group. Interventions
aimed at increasing sleep quality in this group would therefore
need to consider these particular challenges.

The chronotype is an important factor to take into account
when assessing behavioral predictors of sleep quality (Burke
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etal., 2015). Chronotype refers to a person’s preferred activity
and sleep schedules and are governed by internal circadian
rhythm timings (Kerkhof, 1985). A preference for late activity
and late sleep onset is described as an evening chronotype.
Throughout the lifespan circadian timings change from an
early preference in childhood to a late preference during ado-
lescence, peaking around the age of 20. Hereafter, another
transition toward the earlier chronotype occurs, which has
been described as a marker for the end of adolescence
(Roenneberg et al., 2004). The evening chronotype has been
associated with poorer sleep quality (Vitale et al., 2015).
Furthermore, evening types have an increased risk of
experiencing depressive symptoms (Kiveld et al., 2018), and
this relationship was mediated by sleep quality in a student
sample (Van den Berg et al., 2018).

In terms of psychological health, young adulthood in par-
ticular represents a vulnerable time for the onset of psychiatric
disorders (Kessler et al., 2005). Research suggests complex
bidirectional relations between poor sleep and mood disorders
(Ohayon & Roth, 2003). Sleep disturbances can be a clinically
valuable predictive sign in depression, as they tend to precede
the onset of a depressive episode or relapse (Alvaro et al.,
2013; Baglioni et al., 2011; Ford & Kamerow, 1989;
Ohayon & Roth, 2003). However, some research also sug-
gests a reverse relationship in that depressive symptoms pre-
dict worse sleep quality (Kennedy et al., 1991). In a student
sample, poor sleep quality was associated with higher self-
reported negative mood, and anxiety and stress were the stron-
gest predictors of subjective sleep quality (Lund et al., 2010).
This line of work indicates that mood and cognitive reactions
to stress are likely to play an important role in the complex
psychological interactions that affect sleep quality. Young
adulthood is a period in which cognitive regulation skills de-
velop. Imaging studies comparing children, adolescents and
young adults show linear relationships between age and the
activation of prefrontal cortex regions required for complex
emotion regulation involving cognitive control (McRae et al.,
2012). One recent development in sleep research is to assess
the relationships between cognitive emotion regulation skills,
psychological health and sleep parameters (Watts & Norbury,
2017).

An important modifiable lifestyle risk factor for students
is the increased access to and use of stimulants (e.g., caf-
feine) and sedatives (e.g., alcohol, cannabis), which may
influence sleep parameters (Lund et al., 2010). In particular,
caffeine is the most commonly used psychoactive substance
worldwide (Clark & Landolt, 2017). A recent systematic
review of epidemiologic studies and clinical trials concluded
that caffeine intake negatively impacts subjective and objec-
tive sleep quality (Clark & Landolt, 2017). Specifically, eve-
ning caffeine intake equivalent of a double espresso was
shown to induce a circadian phase delay of 40 min (Burke
et al., 2015).
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Only few studies have comprehensively assessed the be-
havioral, psychological and cognitive predictors of sleep qual-
ity in students. This is important as young adulthood is a
sensitive time for experiencing poor sleep quality (Lund
et al., 2010), and is characterized by several developmental
transitions: changes in chronotype, increased vulnerability for
affective disorders, biological developments in cognitive reg-
ulation capabilities as well as more access to substances. We
aim to examine how the combination of these factors affects
subjective sleep quality in this phase. Individually some of
these variables have been studied previously, however, not
in a combined model, which we expect to represent the tran-
sition from adolescence to adulthood more accurately. Further
novel elements of this study are that we considered cognitive
emotion regulation as a potential risk factor, as well as non-
problematic levels of substance use. To our knowledge no
other studies have assessed the combination of these factors
before. Specifically, we hypothesized that a later chronotype,
more depressive symptoms, increased use of maladaptive cog-
nitive emotion regulation strategies, and more substance use
(caffeine, alcohol, smoking, cannabis) would be associated
with lower subjective sleep quality.

Method
Participants and Procedure

A total of 1114 Dutch-speaking University students (77.8%
female; 22.2% male) from Leiden, The Hague, Delft,
Rotterdam and Amsterdam participated in this cross-
sectional study. Inclusion criteria were: being enrolled as a
student (full-time or part-time), being >18 years of age and
being fluent in Dutch. Participants were between 17 and
56 years old, with an average age of 21.1 (£2.9) years. Data
were collected in March of 2016, 2017 and 2018. Each year
data collection ended as daylight saving time began, so that
difficulties with adjusting to daylight saving time would not
influence the data. Students were recruited with flyers distrib-
uted throughout University buildings and through the social
networks of the students who collected the data. Participants
were provided a link through which they could read informa-
tion about the study, sign an online informed consent form and
complete questionnaires. Participation was rewarded with a
lottery to win small monetary amounts < €50. The study pro-
tocol and informed consent were approved by the Institutional
Review Board, and all subjects gave informed consent.

Measures

The socio-demographic variables age, gender and education
level were recorded.
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Sleep Quality Subjective sleep quality was assessed with a
Dutch translation of the Pittsburgh Sleep Quality Index
(PSQL Buysse et al., 1989). The PSQI is a 19-item question-
naire assessing seven components of sleep quality (subjective
sleep quality; sleep latency; sleep duration; habitual sleep ef-
ficiency; sleep disturbances; sleep medication use; and day-
time functioning) over the last month. The combined scores
range from 0 (no difficulty) to 21 (severe difficulties) and
higher scores indicate worse sleep quality. A total PSQI score
of >5 indicates clinically significant sleep quality problems
(Buysse et al., 1989). Based on the seven PSQI components
it has an internal consistency score of Cronbach’s a = 0.66.

Chronotype We assessed chronotype using the Morningness/
Eveningness Questionnaire (MEQ) (Horne & Ostberg, 1976).
It is a widely used instrument consisting of 19 items assessing
preferred daily activity times and preferred sleep and wake
times. Total scores range from 18 to 86, where low scores
(<42) indicate eveningness and higher scores (>58) indicate
morningness. The MEQ has a high internal consistency in our
sample with Cronbach’s a=0.87.

Depressive Symptoms The Quick Inventory of Depressive
Symptomatology- Self-Rated (QIDS-SR; Rush et al., 2003)
was used to assess depressive symptoms. This 16-item self-
report instrument measures the severity and frequency of de-
pressive symptoms based on the nine DSM-IV depression
domains (sad mood; concentration; self-criticism; suicidal ide-
ation; interest; energy/fatigue; sleep disturbances; changes in
appetite/weight; psychomotor agitation/retardation) over the
last week. Total scores range between 0 (no depressive symp-
toms) to 27 (severe depressive symptoms). In our sample the
QIDS-SR has a Cronbach’s a=0.78.

Cognitive Emotion Regulation Emotion regulation was
assessed using the Cognitive Emotion Regulation
Questionnaire (CERQ; Garnefski & Kraaij, 2007). It consists
of 36 questions measuring nine subscales, namely ‘self-
blame’, ‘acceptance’, ‘rumination’, ‘positive refocusing’, ‘re-
focus on planning’, ‘positive reappraisal’, ‘putting into per-
spective’, ‘catastrophizing’, and ‘blaming others’.
Respondents indicate on a 5-point Likert scale ranging from
1 (almost never) to 5 (almost always) how often they use each
cognitive style in response to a negative event. Scores for each
subscale range between 4 and 20 and higher scores indicate
more frequent use of the corresponding emotion regulation
strategy. In our sample, the CERQ has high internal consis-
tency with Cronbach’s a levels ranging between 0.76 and 0.83
for all subscales.

Substance Use We assessed average weekly alcohol and caf-
feine consumption, smoking cigarettes and cannabis use over
the past month with a 7-item questionnaire. The amount of

caffeine intake (in mg) was calculated based on the average
number of caffeinated beverages (coffee, tea, and caffeinated
soft drinks) per week, using guidelines from the Dutch
Nutrition Centre (Voedingscentrum, 2019). Alcohol use was
measured as average number of alcoholic beverages per week.
Smoking and cannabis use were dichotomized (yes/no).

Data Analyses

To assess the possible predictors of subjective sleep quality
(PSQI total score) we performed a multiple regression
analysis where sum scores of the continuous variables
(MEQ, QIDS-SR, all CERQ subscales, caffeine consump-
tion, alcohol consumption), the categorical variables
(smoking, cannabis use), and gender and age were entered
in one step. The sleep disturbance component (4 items) in
the QIDS-SR was excluded from the sum score because it
represents a component of the PSQI outcome measure and
might artificially inflate the regression coefficient for de-
pressive symptoms.

Regression Model Validation In order to produce a more
robust analysis, we used the bootstrap method on the
whole sample to calculate the regression coefficients (sig-
nificance level at p =.05). Additionally, to assess
overfitting, we employed a validation procedure on a
hold-out sample. We estimated the regression model on a
training sample (random selection of 80% of the sample)
and then tested the model in the hold-out sample (remain-
ing 20% of the sample). Based on the model estimated on
the training sample, predicted scores (on the outcome var-
iable) were calculated for the hold-out sample and com-
pared to the observed values. The model was considered
to be robust (good predictive value), if the standard errors
of the estimate remained constant in the training sample
and the hold-out sample.

Missing Data Initially 1393 participants started filling in the
questionnaire. We removed cases who were not students
(N=55) and cases who only filled in the demographic data
or only filled in the first questionnaire (MEQ) in the set
(N=73) and those who missed all components of the out-
come variable PSQI (N =35). There were also participants
(N=116) who did not fill in any items of the last question-
naire in the set (CERQ), who were removed. This rendered
the final analysis data set of N=1114 with no missing
values. For participants who missed only one item in the
sleep efficiency component (bed times, get up times, ha-
bitual sleep duration) of the PSQI (N=4), we assumed the
best score for this component (a sleep efficiency of >85%).
Similarly we assumed the best item score (0) for partici-
pants who missed one of the two day-time functioning
component items of the PSQI (N =3).
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Results
Descriptive Statistics

Table 1 summarizes the descriptive statistics of all variables.
The mean PSQI score for the sample was M =5.6 (£2.8),
indicating clinically relevant poor sleep quality, and 42.8%
of participants scored above this threshold.

We conducted a multiple linear regression analysis with
bootstrap (requesting bias corrected confidence intervals) en-
tering all variables in one step to predict the total PSQI score
(Table 2). Among the predictors there were no correlations
that exceeded a value of .7, indicating that they are not
multicollinear. A complete correlation matrix can be found
as online supplementary material. The model was significant,
F(17,1114)=25.77, p=.001. The amount of explained vari-
ance was 28.6% (R2 =0.286), which indicates a large effect
size (Cohen’s f*=0.4). More depressive symptoms (higher
scores on QIDS-SR) were associated with poorer subjective
sleep quality (higher PSQI scores), B=.31, p=.001, 95%
CI=.27,.36. An earlier chronotype was associated with better
sleep quality, B=-.05, p=.001, 95% CI=-.06, —.03. Higher
scores on the ‘putting into perspective’ CERQ subscale were
associated with better subjective sleep quality, B =—.06,
p=.02, 95% CI=-.11, —.01. Smoking cigarettes was

Table 1  Descriptive statistics for all variables (V= 1114)

N (%) M (£SD)
Age -- 21.1(x2.9)
Gender (female) 867 (77.8) -
Subjective sleep quality (PSQI total) - 5.6 (£2.8)
Chronotype (MEQ) - 46.9 (£9.8)
Depressive Symptoms (QIDS-SR) - 4.8 (#4.2)
Rumination (CERQ) - 11.2 (£3.8)
Catastrophizing (CERQ) - 6.4 (£2.7)
Self-blame (CERQ) - 9.8 (£3.3)
Other-blame (CERQ) - 6.3 (£2.4)
Positive refocusing (CERQ) - 10.7 (£3.5)
Refocus on planning (CERQ) — 13.2 (£3.4)
Positive reappraisal (CERQ) - 12.7 (£3.6)
Putting into perspective (CERQ) - 12.1 (£3.7)
Acceptance (CERQ) — 12.1 (£3.3)
Caffeine (mg/week) - 551 (£705)
Alcohol (beverages/week) - 4.9 (£7.0)
Smoking cigarettes (yes) 228 (20.5) -
Cannabis use (yes) 66 (5.9) -

Notes. N = sample; % = percentage; M = mean; SD = standard deviation;
PSQI = Pittsburgh Sleep Quality Index; MEQ = Morningness/
Eveningness Questionnaire; QIDS-SR = Quick Inventory of Depressive
Symptomatology - Self Rated; CERQ = Cognitive Emotion Regulation
Questionnaire; mg = milligram
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associated with poorer subjective sleep quality, B =.53,
p=.02,95% CI=.10, .98.

Validation A multiple regression was run on a random 80%
training sample (N =881). The model was significant, F(17,
863)=19.78, p =.001. The amount of explained variance for
the model was also 28.0% (R* = 0.28) rendering a large effect
size (Cohen’s > =0.39). Similar to the bootstrapped coeffi-
cients in whole sample, the predictors that contributed to the
model in the training sample were: MEQ (B =—.05, p=.001,
95% Cl=-.07,-.03), QIDS (B=.31,p=.001, 95% Cl = .27,
.36), and smoking cigarettes (B =.76, p=.001, 95% CI = .32,
1.20). Notably, also alcohol consumption (B=-.03, p=.03,
95% CI=-.06, —.003) was a significant predictor of subjec-
tive sleep quality, whereas ‘putting into perspective’ was not
(B=-.03, p=.24, 95% CI=-.09, .02). This model was then
used to calculate predicted PSQI scores for the hold-out sam-
ple (N =233). The correlation between predicted and observed
values in the training sample was »=.530, while in the hold-
out sample it was »=.531, indicating that the model predicts
PSQI scores almost equally well in the training and the test
sample. We further calculated the standard error of the esti-
mate for the hold-out sample (SE=2.3) to compare it to the
one obtained from the training sample (SE = 2.4). Since both
values are close to each other we conclude that the results are
stable in an unselected group.

Discussion

This large cross-sectional study aimed to assess how several
important lifestyle and psychological factors might contribute
to deteriorating sleep quality in young adulthood. Our analysis
showed that chronotype (more eveningness), depressive
symptoms, less use of the cognitive emotion regulation strat-
egy ‘putting into perspective’, and smoking were significant
predictors of poor subjective sleep quality, controlling for age
and gender. Together these variables explained 29% of the
variance in subjective sleep quality. Caffeine consumption,
cannabis use and the other eight cognitive emotion regulation
styles were not significantly associated with subjective sleep
quality. In the validation procedure alcohol consumption was
also significantly associated with better subjective sleep qual-
ity, whereas ‘putting into perspective’ was not.

Chronotype

A later chronotype was the second largest predictor of subjec-
tive sleep quality. Our finding is in line with existing literature
on chronotypes and sleep quality. Nearly 28% of the sample
were evening types; given that the peak in eveningness across
the lifespan occurs around the age of 20 (Roenneberg et al.,
2004), and the average age in our sample was 21, our sample
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Table2 Regression 1 - Bootstrapped coefficients with PSQI total score as outcome

Model B Bootstrap

Std. Error p value (2-tailed) 95% Confidence Interval
Lower Upper

1 (Constant) 5.27 .00 3.27 6.91
Gender 29 .10 -.05 .63
Age .02 41 -.02 .08
Chronotype (MEQ) -.05 <.001 —-.06 -.03
Depressive symptoms (QIDS-SR) 31 <.001 27 .36
Rumination (CERQ) -.02 44 —-.06 .02
Catastrophizing (CERQ) .03 48 -.05 .09
Self-blame (CERQ) .02 43 —-.03 .08
Other-blame (CERQ) -.01 .83 —.08 .07
Positive refocusing (CERQ) .01 .61 -.04 .07
Refocus on planning (CERQ) -.02 .55 -.09 .04
Positive reappraisal (CERQ) .04 28 -.03 11
Putting into perspective (CERQ) —.06 .02 —11 -.01
Acceptance (CERQ) .02 41 -.03 .08
Caffeine (mg/week) 5.21E-5 .66 .00 .00
Alcohol (beverages/week) -.02 .10 —.04 .01
Cannabis use (yes) -.05 92 -.85 .87
Smoking cigarettes (yes) 53 .02 .10 98

Notes. Bootstrap based on 500 bootstrap samples; MEQ = Morningness/Eveningness Questionnaire; QIDS-SR = Quick Inventory of Depressive
Symptomatology - Self Rated; CERQ = Cognitive Emotion Regulation Questionnaire; mg = milligram

represents a fair estimate of evening types in this population.
We suspect that a large proportion of the sample is yet to
transition toward an earlier chronotype and is currently more
vulnerable to sleep quality problems. Evening types were
shown to have reduced sleep quality during the week as com-
pared to morning and intermediate types (Vitale et al., 2015;
Wittmann et al., 2006). This may be explained by evening
types having to adhere to social and professional schedules
that are misaligned with their chronotype and only being able
to achieve comparable levels of sleep quality as earlier types
during the weekend (Vitale et al., 2015). It is possible that the
same explanation holds for our student sample, in that evening
types also adhere to their study and social schedule during the
week, which may be misaligned to their circadian rhythms.

Depressive Symptoms

The strongest predictor of poorer subjective sleep quality (ad-
justed for the other variables) was depressive symptoms. Our
finding supports existing research on the relationship between
depression and poor sleep quality (Kennedy et al., 1991;
Ohayon & Roth, 2003). Other epidemiological studies con-
clude that somatic or emotional distress presents the best pre-
dictor of insomnia in adults (Ford & Kamerow, 1989). In a
sample closer to our own, a large study of college students

found that emotional distress was the largest predictor of poor
sleep quality (Lund et al., 2010). In open-ended questions, a
large proportion of students in this study named thought pat-
terns typical for depressive symptoms (such as worries about
the future and school) as the reason for their difficulties with
sleep (Lund et al., 2010).

Since our study was cross-sectional, we cannot establish
temporal precedence and the term ‘predictor’ in this context is
strictly statistical. Nevertheless, the strong association between
depressive symptoms and sleep are further supported by re-
search showing that 90% of patients with depression present
with sleep disturbances (Franzen & Buysse, 2008) and that
untreated sleep problems increase the likelihood of relapse in
depression (Ford & Kamerow, 1989; Franzen & Buysse, 2008;
Ohayon & Roth, 2003). One possible explanation is that de-
pression and sleep parameters depend on shared regulatory
neurotransmitter pathways (Wulff et al., 2010), which may sup-
port the idea that treating depressive symptoms and sleep prob-
lems should go hand in hand (Cunningham & Shapiro, 2018).

Cognitive Emotion Regulation
Based on theoretical models of emotion regulation (Baglioni

et al., 2010), we expected that disturbances in emotion regu-
lation typically seen in the context of heightened cognitive

@ Springer
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arousal, such as rumination and worry, would be related to
sleep quality. Particularly, rumination has been shown to in-
crease pre-sleep arousal and predict reduced sleep quality in
young adults with depressive symptoms (Pillai et al., 2014)
and healthy students (Takano et al., 2012). Longitudinal re-
search in students further showed that problems with emotion
regulation relate bi-directionally to sleep problems (Tavernier
& Willoughby, 2015).

Eight of nine emotion regulation styles assessed in this study
did not predict sleep quality significantly. Only less use of
‘putting into perspective’ was associated with poorer sleep
quality. However, this variable was not significant in the vali-
dation procedure. A potential explanation could be that in order
to observe the effects of daily emotion regulation, sleep quality
needs to be assessed the same night. Perhaps momentary mea-
surements that are sensitive to fluctuations in stress-responsive-
ness, cognitive arousal and same-night sleep quality could pro-
vide a useful approach to studying cognitive-emotional predic-
tors of sleep quality in the future (see: Gilbert et al., 2017 for an
example in diurnal cortisol functioning). Another distinction
that we did not make and could help explain our finding is that
effective emotion regulation may depend on coping style flex-
ibility. For instance one emotion regulation style may be adap-
tive in response to a particular stressor, but not in response to
another (Kahn et al., 2013). Another possible explanation for
the results may be that emotion regulation plays a more impor-
tant role for a sub-group of the sample, such as those individuals
with elevated symptoms of depression or those who have al-
ready developed the cognitive capabilities to use complex emo-
tion regulation strategies (McRae et al., 2012). Because we
controlled for depressive symptoms in the regression analysis,
emotion regulation styles may not have emerged as indepen-
dent predictors of sleep quality.

Substance Use

In our study, caffeine was not a significant predictor of sleep
quality. This is somewhat surprising as caffeine is a well-
studied substance known to affect wakefulness and sleep
(Clark & Landolt, 2017). In our sample caffeine consumption
was low in general, which may help to explain this result.
Another explanation could be that people moderate their caf-
feine intake according to their own levels of caffeine sensitiv-
ity (Rétey et al., 2007).

Alcohol was not a significant predictor in our main analy-
sis. Yet, it was a significant predictor of better sleep quality in
our validation procedure. Although this result requires repli-
cation before firm conclusions can be drawn, the finding is in
accordance with other mixed results about the effects of alco-
hol in different dosages on health and sleep. A review on the
effects of alcohol on objective sleep parameters in healthy
subjects concluded that, at all dosages, alcohol reduced time
to sleep onset and seemed to produce a more consolidated

@ Springer

(less waking after sleep onset) first half of sleep. This, how-
ever, was usually followed by increased interruptions in the
second half (Ebrahim et al., 2013).

In line with the literature on smoking, it was a significant
predictor of poorer sleep quality in our main analysis. This
finding is supported by research showing that smokers tend
to report more sleep-related psychosomatic symptoms, feel
less rested after sleep (Wittmann et al., 2010), have more
difficulties initiating and maintaining sleep, and show more
daytime sleepiness (Wetter & Young, 1994). Nicotine acts on
several (nicotinergic acetylcholine, glutaminergic, dopaminer-
gic and serotinergic) neurotransmitter pathways in the brain
and thereby affects states of wakefulness and sleepiness as
well as sleep architecture (Jachne et al., 2009). Thus nicotine’s
effects on sleep quality, specifically its effect on delayed sleep
onset latency and sleep architecture can likely be attributed to
its stimulant effects on the brain, while frequent sleep distur-
bances may be explained by the experience of nightly with-
drawal symptoms (Wittmann et al., 2010).

Cannabis use was not a significant predictor of subjective
sleep quality. A recent critical review of randomized con-
trolled trials and open label studies concluded that many stud-
ies show some evidence that cannabis use is associated with
greater subjective sleep quality, shorter sleep latency, longer
sleep duration and fewer episodes of wakefulness during the
night (Kuhathasan et al., 2019). However, most studies lacked
placebo controls and did not use objective measures of sleep
quality (Kuhathasan et al., 2019). Our study did not find such
associations, but only a small proportion of our sample report-
ed consuming cannabis so a potential lack of power may also
explain our result.

Strengths of the study are that we had a large sample (N =
1114) and thus high overall power. In addition, the survey was
anonymous which likely reduced socially desirable responses.
We also sought to assess a more comprehensive model of
changing lifestyle and psychological factors relevant in young
adulthood than many studies previously. Additionally, we
used a bootstrap and a validation method to assess how robust
our findings are.

There are several limitations to point out about our study.
First, even though the dataset is large, it is cross-sectional, thus
we cannot assert whether the independent variables also act as
predictors in a temporal sense. Second, we aimed to identify
factors that are relevant and undergoing changes in college
students’ lives, yet our list is not exhaustive. There may be
other important factors we did not consider, such as academic
stress or levels of physical activity, which future studies on the
topic could consider.

Third, because we used posters and flyers and the social
network of the students who carried out the data collection to
recruit participants, we cannot exclude the possibility of self-
selection bias and reduced generalizability resulting from our
recruitment strategy. Forth, since women were strongly over-
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represented in our sample, we caution readers that our results
may not generalize to the wider student population. Fifth, for
practical reasons we measured sleep quality with a subjective
(self-report) measure, so recall bias could have occurred.
Another limitation is that only self-report measures were used
in this study, which might have contributed to inflated corre-
lations among variables.

Because recent research highlights that risk factors for poor
sleep quality in young adulthood likely to differ from risk
factors in adolescence or adulthood (Park et al., 2019), our
results may help shed some light on to the unique challenges
that young adults face regarding sleep during their student life.
Furthermore, our results may help guide higher education in-
stitutions and healthcare professionals working with students
to increase sleep quality, academic performance (Curcio et al.,
2006) and reduce distress during psychologically vulnerable
times (Baglioni et al., 2011). Additionally, our results stress
that students might benefit from more flexible schedules and
opportunities to study at times that suit their chronobiology
best (for example by making lecture materials available on-
line). This is particularly important for evening chronotypes,
who, due to insufficient sleep and social jetlag, might not be
able to reach their optimal cognitive and academic perfor-
mance (Wittmann et al., 2006).

By simultaneously assessing a set of developmentally rel-
evant psychological and lifestyle factors, this large scale study
found that more eveningness, more depressive symptoms, less
use of the cognitive emotion regulation style ‘putting into
perspective’, and smoking cigarettes significantly predicted
lower sleep quality in students. ‘Putting into perspective’
and alcohol were only significant predictors in some analyses
and thus these findings require replication. Further research
with momentary measurements and longitudinal designs will
be needed to better disentangle the complex relationships be-
tween behavior, psychopathology and sleep quality in this age

group.
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