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ABSTRACT
Individual preferred timing of sleep and activity patterns, known as circadian preference, ranges 
from definitely morning types to definitely evening types. Being an evening type has been linked to 
adverse sleep and mental health outcomes. This study aimed to explore the associations between 
circadian preference and self-reported sleep, depression, anxiety, quality of life, loneliness, and self- 
harm/suicidal thoughts. Data stem from a national survey of students in higher education in 
Norway (the SHoT-study). All 169,572 students in Norway were invited to participate, and 59,554 
students (66.5% women) accepted (response rate = 35.1%). Circadian preference was associated 
with sleep and mental health outcomes in a dose–response manner. For both genders, being an 
evening type (either definitely evening or more evening than morning) was associated with an 
increase in age-adjusted relative risk (RR-adjusted; range = 1.44 to 2.52 vs. 1.15 to 1.90, respectively) 
across all outcomes compared with definitely morning types. Overall, the present study provides 
further evidence that evening circadian preference is associated with adverse sleep and mental 
health outcomes in young adults. As such, future efforts to improve sleep and mental health in 
young adults should consider their circadian preferences.
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Introduction

Circadian preference refers to individual differences in 
preferred sleep and activity patterns. On a spectrum, cir-
cadian preference (or chronotype) ranges from definitely 
morning type (“early birds”), who prefer waking early and 
going early to bed, to definitely evening type (“night 
owls”), who tend to rise late and stay up late. The remain-
der of the population typically falls in between as inter-
mediate types (being either rather more a morning than 
an evening type or rather more an evening than 
a morning type). Humans are sensitive to variations in 
sunlight tied to differences in latitude, resulting in an 
increase in evening-type preference towards higher lati-
tudes (Leocadio-Miguel et al. 2017). While young men 
tend to be more evening oriented than young women, this 
gender difference diminishes with age and is reversed in 
old age (Randler and Engelke 2019). Further, there is 
a general biological tendency for a delay in the circadian 
rhythm during adolescence and early adulthood com-
pared to childhood and later adulthood (Randler and 

Engelke 2019), which consequently for the former age 
groups implies a later circadian preference. Considering 
that early rise times are often required due to various 
daytime obligations, such early morning obligations 
might – particularly for evening types – curtail sleep 
duration. If, for example, individuals find themselves 
unable to fall asleep early enough at night due to 
a delayed rhythm, they may risk their sleep to be too 
short, especially if they are not naturally short sleepers 
(Monk et al. 2001; Saxvig et al. 2021a).

Evening preference has been linked to higher severity of 
impaired mental health compared to the other circadian 
preferences (Adan et al. 2012), which has led to speculation 
on whether circadian preference could be a transdiagnostic 
risk factor for mental health problems (Taylor and Hasler  
2018). Specifically, there is evidence of a small, yet signifi-
cant, association between being an evening type and 
depressive symptomatology (Norbury 2021), while support 
for a link with anxiety disorders is more contentious 
(Kivelä et al. 2018). A meta-analysis suggested that 
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evening-type preference is associated with schizophrenia 
and bipolar I disorder (Linke and Jankowski 2021). In 
terms of possible gender differences, several studies have 
suggested that being an evening type may have a large 
impact on health outcomes of women compared with 
men (Fabbian et al. 2016), but few studies have examined 
this in detail across outcomes using large samples.

Data from a survey of Canadian university students 
(n = 3160, ages 18 to 35) showed that evening types 
reported the lowest levels of all types of social support 
(Walsh et al. 2022). Further, there is evidence of a link 
between chronotype and suicidal ideation in adolescents 
and young adults (Bradford et al. 2021; Chan et al. 2020), 
but not between chronotype and suicide attempt among 
undergraduate students without a psychiatric diagnosis 
(Lester 2015). Further, a study on German university 
students (n = 164) showed that being an evening type is 
associated with lower quality of life (Randler 2008). The 
same association was demonstrated to be independent of 
age in a sample of Polish residents (n = 349; ages 13– 
59 years) (Jankowski 2012).

The recent COVID-19 pandemic has impacted on the 
quality of life and health of adolescents (Burdzovic Andreas 
and Brunborg 2021; Genta et al. 2021), with a shift toward 
the evening observed in the daily rhythms of both adoles-
cents (Genta et al. 2021; Leone et al. 2020) and in the 
general population where there is an increased prevalence 
of sleep problems (Algahtani et al. 2021; Jahrami et al.  
2021). Taken together, there is substantial evidence that 
circadian preference impacts on the well-being and quality 
of life of individuals and that it is particularly important to 
consider the association between circadian preference, 
sleep, and a wide range of mental health outcomes in 
young adults as they tend to be more inclined to have late 
bedtimes, which is associated with, for example, impaired 
school performance and motivation (Merikanto et al.  
2013). As such, there is a need to investigate the associa-
tions between circadian preferences, sleep, and mental 
health in the post-COVID-19 era. The main aim of the 
present study was to investigate the associations between 
circadian preferences, sleep, and mental health outcomes 
using recent data from a large, nationally representative 
sample of adolescents.

Materials and methods

Procedure

The SHoT study (Students’ Health and Wellbeing 
Study) is a large survey of students in Norwegian higher 
education, conducted by three large student welfare 
associations. Four surveys have been completed since 
2010. This report is based on the most recent wave, 

conducted in 2022. Detailed information of the SHoT 
study has been described in a previous publication 
(Sivertsen et al. 2019). Data from SHoT2022 were col-
lected from February to April 2022 and included full- 
time students undertaking higher education in Norway. 
All 169,572 students enrolled in higher education in 
Norway received an invitation to participate, of whom 
59,554 students completed the web-based question-
naires (response rate: 35.1%).

Ethics

The SHoT2022 study was approved by the Regional 
Committee for Medical and Health Research Ethics in 
Western Norway (no. 2022/326437). Informed consent 
was obtained electronically after the participants had 
received detailed information about the study.

Instruments

Circadian preference
Circadian preference was assessed according to the fol-
lowing item from the Morningness Eveningness 
Questionnaire (Horne and Ostberg 1976): “One hears 
about “morning” and “evening” types of people. Which 
one of these types do you consider yourself to be? 1) 
Definitely a morning type, 2) Rather more a morning 
than an evening type, 3) Rather more an evening than 
a morning type, or 4) Definitely an evening type”.

Sociodemographic and lifestyle information
Data about the participants’ age and gender were 
extracted from their social identification number, and 
all participants were asked about their relationship status. 
Participants were categorized as non-Norwegian if either 
the student or one or both of their parents were born 
outside Norway. They also indicated the educational level 
of their parents as having completed either primary edu-
cation, secondary education, or college/university.

Sleep variables
The participants’ self-reported usual bedtime and rise 
time were indicated in hours and minutes. Time in bed 
(TIB) was calculated as the difference between bedtime 
and rise time. Sleep onset latency (SOL; “How long does 
it usually take you to fall asleep (after turning off the 
lights)?”) and wake after sleep onset (WASO; “How long 
are you awake during the night (after you first have 
fallen asleep)?”) were indicated in hours and minutes. 
Sleep duration was defined as TIB minus SOL and 
WASO. Sleep efficiency was defined as the ratio of 
sleep duration to TIB, multiplied by 100 to yield percen-
tage. Oversleeping was measured with one question 
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(“How often do you oversleep?”) and scored on 
a 5-point scale (“never,” “several times per year,” “sev-
eral times per month,” “several times per week,” and 
“every day”). Students who responded “several times per 
week” or “every day” were categorized as frequently 
oversleeping.

Mental health problems, anxiety, and depression
Mental health symptoms were assessed using the 
Hopkins Symptoms Checklist (HSCL-25) (Derogatis 
et al. 1974), derived from the 90-item Symptom 
Checklist (SCL-90), which is a screening tool designed 
to detect symptoms of anxiety and depression. It is 
composed of a 10-item subscale for anxiety and a 15- 
item subscale for depression, with each item scored on 
a 4-point scale ranging from “not at all” (1) to “extre-
mely” (4). The period of reference is the prior two weeks. 
An investigation of the factor structure based on the 
SHoT2014 dataset showed that an unidimensional 
model, in contrast to the original subscales of anxiety 
and depression, has optimal psychometric properties for 
application to student populations (Skogen et al. 2017). 
As in previous publications, an average score on the 
HSCL-25 of >2 was used as a cut-off value for identifying 
high levels of mental health problems.

Quality of life
Quality of life was assessed by the Satisfaction with Life 
Scale (SWLS) (Diener et al. 1985). The SWLS is a 5-item 
scale designed to measure global cognitive judgments of 
one’s life satisfaction and is not a measure of either 
positive or negative feelings. Participants indicate how 
much they agree or disagree with each of the five items 
using a 7-point scale ranging from “strongly agree” (7) 
to “strongly disagree” (1). In the current study, the 
SWLS was analyzed in two ways: 1) as a continuous 
total score (range 5–35), and 2) dichotomously, using 
a total SWLS total score of <19 as the cut-off value for 
indicating poor life satisfaction.

Loneliness
Loneliness was assessed using an abbreviated version of 
the widely used UCLA Loneliness Scale, the “Three-Item 
Loneliness Scale (T-ILS)” (Hughes et al. 2004). The 
T-ILS items (lack of companionship, feeling left out, 
and isolation) were each rated along a 5-point scale 
(“never,” “seldom,” “sometimes,” “often,” and “very 
often”). Students who responded “often” or “very 
often” on all three items were categorized as having 
high loneliness. The T-ILS displays satisfactory reliabil-
ity and both concurrent and discriminant validity 
(Hughes et al. 2004).

Self-harm and suicidal thoughts
Self-harm was assessed according to one item drawn 
from the Adult Psychiatric Morbidity Survey (APMS) 
(McManus et al. 2016): “Have you ever deliberately 
harmed yourself in any way but not with the intention 
of killing yourself?” (yes/no). The question about 
thoughts of self-harm was adapted from the Child and 
Adolescent Self-harm in Europe study (CASE) (Madge 
et al. 2008): “Have you ever seriously thought about 
trying to deliberately harm yourself but not with the 
intention of killing yourself but not actually done so?” 
(yes/no). If respondents answered yes to any item, tim-
ing of the latest episode was assessed and categorized as 
recent if it occurred within the last year.

Statistics

IBM SPSS version 28 (SPSS Inc., Chicago, IL, USA) for 
Windows was used for all analyses. Differences between 
circadian preference were separately examined across all 
continuous outcome measures (HSCL-25, SWLS, T-ILS, 
and sleep parameters) for male and female students by 
calculating estimated marginal means (EMM) and 
adjusting for age. We also conducted a log-link binomial 
regression analysis to calculate effect-sizes for the 
dichotomous outcomes (mental health problems, anxi-
ety, depression, quality of life, loneliness, self-harm, and 
suicidal thoughts), adjusting for age. Results are pre-
sented as risk ratios (RRs) with 95% confidence inter-
vals. The normality of the data was examined using 
skewness and kurtosis, and all continuous measures 
were well within the recommended ranges (±2) 
(George and Mallery 2010). There was generally very 
little missing data (n < 0.5%); hence, missing values were 
handled using listwise deletion. As the SHoT2022 study 
had several objectives and was not designed to specifi-
cally study circadian preference, no a priori power cal-
culations were conducted to ensure that the sample size 
had sufficient statistical power to detect differences in 
outcomes. Still, it should be noted that the sample com-
prised nearly 60,000 respondents.

Results

Descriptive statistics

Table 1 describes the key sociodemographic and clinical 
characteristics of the full-time students who responded 
to the SHoT2022 survey. The sample had a mean age of 
26.1 years (SD = 7.3 years) and was predominantly 
female (66.5%), and about half (48.1%) of constituents 
reported being single.
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Figure 1 shows the response patterns of circadian 
preferences of the students (separately for women and 
men). Approximately 1 in 3 (~30%) reported being 
definitely an evening type and 1 in 10 reported (~10%) 
being definitely a morning type. Hence, the remainder 
(~60%) fell in between as intermediate types (being 
rather more a morning than an evening type or rather 
more an evening than a morning type).

Circadian preference and sleep

Analyses of the sleep variables (illustrated in Figure 2) 
showed that there was a graded association between circa-
dian preference and several of the sleep variables. Those 
who reported preferences toward being an evening type 
tended to stay up later and rise later than individuals with 
earlier circadian preferences. Further, being more of an 
evening type was associated with shorter sleep duration, 
longer SOL, lower SE, and a higher incidence of oversleep-
ing. There were no differences in time spent awake during 
the night (WASO) depending on circadian preference.

Circadian preference and mental health outcomes

In Figure 2, the associations between circadian prefer-
ence and mental health and sleep indicators are 

separately illustrated for women and men. Across all 
outcomes, there is a graded association between circa-
dian preference and negative outcomes for both genders, 
implying that the more the evening type, the poorer the 
outcomes.

As shown in Table 2, the analysis of circadian pre-
ference and associated health outcomes indicated that 
being definitely an evening type or more evening than 
morning type were both associated with a significant 
increase in age-adjusted relative risk across all dichoto-
mous outcome measures compared with being definitely 
a morning type and more so for the definitely evening 
type compared with the more evening than morning 
type (RR-adjusted range across all outcome measures 
1.44–2.52 vs. 1.15–1.90). The strongest associations 
were found between definitely evening types and depres-
sive symptoms in women (RR-adjusted = 2.17; 95% CI 
1.96–2.40) and for anxiety symptoms (RR-adjusted 
= 2.52; 95% CI 1.97–3.21) and depression (RR- 
adjusted = 2.41; 95% CI 1.99–2.92) in men. Recent self- 
harm and suicidal thoughts were each also associated 
with being definitely an evening type in both women 
(RR-adjusted = 1.67; 95% CI 1.40–1.98 and 1.76; 95% CI 
1.55–2.00, respectively) and men (RR-adjusted = 1.92; 
95% CI 1.30–2.83 and 1.76; 95% CI 1.44–2.16, respec-
tively) in stark contrast to being definitely a morning 
type. There are also some indications that being more 
a morning than evening type compared with being defi-
nitely a morning type was associated with a slightly 
increased relative risk for depression, poorer quality of 
life, and recent suicidal thoughts in women (RR- 
adjusted range 1.09–1.20) and anxiety in men (RR- 
adjusted = 1.38; 95% CI 1.06–1.78).

Further, although having an evening circadian pre-
ference compared with a morning circadian preference 
appeared to put men at higher risk for adverse outcomes 
compared with women when looking at the data cate-
gorically (i.e., RR-adjusted), there was no significant 
interaction between gender and circadian types on out-
comes when the latter were analyzed as continuous 
variables (as shown in Figure 2).

Table 1. Sociodemographic characteristics of the SHOT 2022 
study.

Total (n = 59,544)

Age, mean (SD) 26.1 (7.3)
Gender, % (n)

Women 66.5 (39,577)
Men 33.5 (19,967)

Single, % (n) 48.1 (28,518)
Ethnicity, % (n)

Norwegian 89.2 (53,141)
Non-Norwegian 10.8 (6,403)

Maternal education, % (n)
Primary 6.3 (3,615)
Secondary 30.0 (17,219)
College/university 63.7 (36,532)

Paternal education, % (n)
Primary 7.6 (4,269)
Secondary 37.6 (21.145)
College/university 54.8 (30,799)

Figure 1. Response pattern of chronotype in male and female college and university students in the SHoT2022 study. Error bars 
represent 95% confidence intervals.
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Figure 2. Chronotype and mental health and sleep indicators (Y axis) in male and female college and university students. Values 
represent age-adjusted estimated marginal means (EMM) and standard errors in parentheses. Error bars represent 95% confidence 
intervals. Significant chronotype differences are indicated for each row in the table using superscript letters, calculated at the .05 
significance level.
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Discussion

This large national survey from 2022 among full-time 
students at Norwegian universities and colleges shows 
that circadian preferences toward being an evening type, 
compared with identifying more with being a morning 
type, is associated with increased risk of adverse sleep 
and mental health outcomes. Specifically, identifying as 
being definitely an evening type is associated with an 
approximately twofold increase in the risk of reporting 
symptoms of depression and anxiety. Similarly, those 
who reported circadian preference toward being an eve-
ning type also had poorer quality of life, more loneliness 
and recent self-harm and suicidal thoughts, as well as 
overall poorer sleep outcomes compared with those with 
other circadian preferences. As such, a dose–response 
relationship was observed between circadian preference 
and adverse outcomes – the later the circadian prefer-
ence, the higher the risk for mental health problems.

In the present study, ~10% of participants identified as 
being definitely morning types, ~60% as intermediate 
types, and ~30% as definitely evening types. This distribu-
tion is comparable to another recent study in a Canadian 
student population (Walsh et al. 2022). Compared with 
other (pre-pandemic) studies in student populations 
(BaHammam et al. 2011; Jankowski 2012), fewer indivi-
duals in our sample of Norwegian students (and the 
sample of Canadian students) report being morning 
types. Although the different studies are not directly 
comparable, the distribution of circadian types (with 
fewer definitely morning types) observed in the present 
study might reflect a continuation of the increase in 
a population-wide eveningness preference that has been 
observed in recent decades, reflecting lasting changes in 

sleep habits and chronotype preferences (Broms et al.  
2014; Merikanto and Partonen 2020). However, the diver-
gences could also reflect subtle differences between the 
samples (i.e., nationally representative sample of students 
vs. nationally representative samples of adults) or method 
of circadian preference assessment (i.e., based on a single 
item or a scale). Young adults will have a tendency to 
exhibit a slightly delayed sleep and activity pattern and, 
accordingly, it may be reasonable to expect more young 
adults to report evening-type preferences than morning- 
type preferences (Roenneberg et al. 2004).

As expected, the results of the present study showed 
that being an evening type was associated with later 
bedtimes and rise times. There was a dose–response 
relationship between circadian preference and worse 
sleep outcomes, in which individuals with later circadian 
preference took longer to fall asleep and had a lower 
sleep efficiency, shorter sleep duration, and higher inci-
dence of oversleeping. These observations are supported 
by previous studies (Roenneberg et al. 2019; Saxvig et al.  
2021b; Vollmer et al. 2017). It is possible that, in an 
attempt to obtain enough sleep, individuals with a later 
circadian preference will try to fall asleep before feeling 
sufficiently sleepy (at night). As such, they inevitably will 
spend more time trying to fall asleep (which also results 
in lower sleep efficiency) and have a higher risk for 
oversleeping because they have not slept enough or are 
not ready to wake up in time for their daytime respon-
sibilities. Another explanation may be that poor sleep in 
evening types is caused by mental health problems, as 
these two phenomena are highly correlated (Scott et al.  
2021). There were, however, no differences in time spent 
awake during the night after falling asleep depending on 

Table 2. Chronotype and risk for poor mental health in female and male college and university students.
Definitely evening type 

(n = 15,708)
More evening than morning type 

(n = 20,176)
More morning than evening type 

(n = 16,171)
RR (95% CI) RR (95%) RR (95% CI)

Women
Mental health problems 1.57 (1.50–1.65) a 1.26 (1.20-1-33) b 1.09 (1.04–1.15) c

Anxiety disorder 1.74 (1.58–1.92) a 1.31 (1.19–1.44) b 1.07 (0.97–1.19) c

Depression 2.17 (1.96–2.40) a 1.61 (1.45–1.78) b 1.20 (1.08–1.33) c

Quality of life (poor) 1.73 (1.63–1.84) a 1.35 (1.27–1.44) b 1.14 (1.07–1.22) c

Loneliness 1.44 (1.31–1.59) a 1.15 (1.04–1.26) b 0.95 (0.86–1.05) c

Self-harm (recent) 1.67 (1.40–1.98) a 1.35 (1.14–1.60) b 1.15 (0.96–1.37) c

Suicidal thoughts (recent) 1.76 (1.55–2.00) a 1.42 (1.25–1.61) b 1.18 (1.04–1.35) c

Men
Mental health problems 2.16 (1.91–2.44) a 1.58 (1.39–1.79) b 1.22 (1.07–1.39) c

Anxiety disorder 2.52 (1.97–3.21) a 1.90 (1.49–2.43) b 1.38 (1.06–1.78) c

Depression 2.41 (1.99–2.92) a 1.65 (1.35–2.00) b 1.18 (0.95–1.45) c

Quality of life (poor) 1.93 (1.76–2.12) a 1.48 (1.35–1.63) b 1.09 (0.99–1.21) c

Loneliness 1.79 (1.52–2.19) a 1.22 (1.04–1.44) b 0.92 (0.77–1.09) c

Self-harm (recent) 1.92 (1.30–2.83) a 1.56 (1.05–2.30) b 1.05 (0.69–1.61) c

Suicidal thoughts (recent) 1.76 (1.44–2.16) a 1.33 (1.09–1.63) b 1.08 (0.87–1.33) c

Reference category: “definitely a morning type”. 
RR: age-adjusted relative risk. 
Significant differences between RR for each row are indicated by superscript letters, calculated at the 0.05 significance level.
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circadian preference, possibly indicating that there are 
no differences between individuals with different circa-
dian preferences with regard to sleep quality after one 
has fallen asleep.

Our results with regard to evening types more fre-
quently reporting symptoms of depression and anxiety 
are in line with previous studies in terms of the associa-
tion with depressive symptoms (Norbury 2021) and also 
support evidence that evening types have higher rates of 
anxiety symptoms (Silva et al. 2020; Walsh et al. 2022). 
A study on chronotype and depressive symptoms in 
Turkish students (n = 339) found that the relationship 
between evening type and depressive symptoms is 
mediated by hopelessness (Üzer and Yücens 2020), 
whereas a study of chronotype and suicidality in 
Korean university students (n = 5632) found that 
depressive symptoms also mediate the relationship 
between chronotype and suicidality (Park et al. 2018). 
It is also conceivable that being an evening type implies 
that one has difficulty keeping up with or adapting to the 
rhythm of school and working life, which in turn is a risk 
factor for other mental health problems (von Schantz 
et al. 2021).

Further, we found that being an evening type (either 
definitely an evening type or more evening than morn-
ing type) is also associated with poorer quality of life and 
loneliness as well as an increase in the risk for reporting 
episodes of self-harm and/or suicidal thoughts in the 
last year. This is in line with findings from previous 
studies (e.g., Walsh et al. 2022), and considering that 
social support can help improve sleep quality (and well-
being) during difficult times by reducing anxiety and 
stress (Xiao et al. 2020), it is worrying that evening 
types, in addition to having a higher risk for developing, 
for example, depression, possibly experience more lone-
liness compared with morning and intermediate types. 
One study in adolescents (n = 280; ages 14–16 years) 
showed that the association between an evening chron-
otype and poorer quality of life could be predicted by 
sleep-related dysfunctional cognitions and mediated by 
insomnia symptoms (Roeser et al. 2012).

Although categorical analysis of the data appeared to 
indicate that men are at higher risk for adverse outcomes 
compared with women, there were no significant differ-
ences between gender and outcomes when analyzing the 
data continuously. As such, the present study does not 
support previous studies (e.g., Fabbian et al. 2016) indi-
cating that being an evening type may more greatly 
impact the health outcomes of women compared with 
men. Rather, our results suggest that a later circadian 
preference is associated with an increased risk of adverse 
sleep and mental health outcomes independently of 
gender. One possible explanation for the contrary 

finding compared with previous studies, with regard to 
gender, is that we controlled for age, and although 
gender differences in chronotype diminish with age 
(Randler and Engelke 2019), the same is not true for 
the lifetime prevalence of mental health and sleep pro-
blems (Afifi 2007).

Public health and clinical implications

Considering the consistent associations between being 
more of an evening type and adverse outcomes, it is 
important (independent of the exact distribution of cir-
cadian types) that students who are absent from lectures 
or show signs of not being able to follow mandatory 
course work (e.g., due to oversleeping, which is asso-
ciated with evening chronotypes) are provided with 
a low-effort, readily available intervention aimed at 
shifting their circadian rhythm. As it is possible to 
impact the timing of sleep and improve health outcomes 
for evening-type youths (ages 10–18 years) (Harvey et al.  
2015) or young adults (Facer-Childs et al. 2019) through 
interventions and that parental factors such as rule set-
ting and parental sleep behaviors are associated with 
better sleep quality for adolescents (Khor et al. 2021), 
mental health should be evaluated concurrently with 
circadian preferences (Park et al. 2018) and related 
sleep behaviors. Availability of such help is important 
considering that later circadian preferences are asso-
ciated with poorer academic performance (Harvey 
et al. 2018) and, consequently, that even a slight shift 
toward an earlier circadian rhythm could possibly 
reduce the incidence of adverse outcomes, for which 
there is an increased risk due to their association with 
later circadian preferences. Further, as evening types are 
more at risk for experiencing mental health problems, 
low social support, and poorer quality of life, the impact 
of a general shift toward later bedtimes and rise times, 
continuing through the COVID-19 pandemic, could 
also have an overall negative population-wide impact 
on sleep problems and mental health. Whether there 
are real population-based changes in circadian prefer-
ences following the pandemic should however be stu-
died with greater scrutiny and using appropriate (e.g., 
longitudinal) study designs. Student welfare organiza-
tions and clinicians should be available to assess both 
mental health symptoms and circadian preference or 
chronotype upon individual requests, although the 
mechanisms underlying the association between these 
symptoms and circadian preference remain unclear 
(Papaconstantinou et al. 2019). Alternatively, the results 
from this study may be interpreted in terms of lending 
support to previous research suggesting that adolescent 
or young adult students will often obtain more sleep if, 
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for example, morning lectures were scheduled to later 
start times (Albakri et al. 2021).

Methodological considerations

Strengths of the present study include the large and 
heterogeneous sample, the use of validated instruments, 
and controlling for the impact of age on all outcomes. 
Additionally, the study presents updated data on the 
associations between circadian preference (or chrono-
type), sleep, and mental health in a nationally represen-
tative sample of students in higher education after the 
COVID-19 pandemic. However, the cross-sectional 
design of the present study represents an important 
limitation, as it precludes both inference of causality 
and determining the direction of significant associa-
tions. To address this, it would be beneficial to employ 
designs (e.g., cohort studies) that allow researchers to 
deduce the direction and nature of the relationship 
between circadian preferences/rhythms and health out-
comes with higher certainty. Another important limita-
tion is the modest response rate (35.1%), with little 
information about the characteristics of nonparticipants 
beyond age and sex distribution. Selective participation 
could bias the strength of the observed relative risks. On 
the one hand, nonparticipants of health surveys usually 
have poorer general health than participants (Knudsen 
et al. 2010). On the other hand, people are generally 
more inclined to participate in a survey if the topic is 
personally relevant (Edwards et al. 2009). Furthermore, 
while the sample is nationally representative of full-time 
students, the large sample size precluded the use of 
objective measures of chronotype or circadian timing 
of sleep, such as dim light melatonin onset, which would 
have allowed disentangling the behavioral effects of 
chronotype from the physiological. Additionally, circa-
dian preference was measured using only one question 
from the Morningness Eveningness Questionnaire 
(Horne and Ostberg 1976), and we did not differentiate 
between sleep during the week and on weekends. 
Further, it should be noted that for all participants, 
sleep onset latency was longer than 30 minutes, which 
suggests that all groups have sleep onset latencies above 
common clinical thresholds. Still, it cannot be ruled out 
that the finding reflects the poor validity of this measure. 
For some analyses, continuous variables were categor-
ized/dichotomized, which might have impacted the 
findings.

Conclusions

Overall, the present study supports the established asso-
ciations between evening circadian preferences and 

adverse sleep and mental health outcomes. This is 
important from a public health perspective as well as 
for student welfare organizations considering that the 
availability of interventions aiming to shift the timing of 
sleep could benefit a large number of students, possibly 
improving sleep and mental health as well as academic 
performance. However, there is a need for further 
research, preferably registry linkage studies and rando-
mized controlled trials, to investigate the direction of the 
associations and to assess the effects of interventions 
aimed at shifting the circadian rhythms of young adult 
evening types who experience mental health problems.
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