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Previous studies suggest that in adolescents and young adults, evening chronotype is
a subclinical factor in physical, cognitive, and psychiatric fitness; poor sleep habits and
larger misalignment with the social schedule constraints may exacerbate symptoms
of inattention, impulsivity and the risks for detrimental behaviors. The influence of
chronotype on neurocognitive performance during morning hours and scores in self-
reports about attention deficit symptoms (ADS) and executive functioning, was explored
in 42 healthy young university students (29 women), divided to evening type (ET)
and combined morning/intermediate type (MT/IT) groups. Evening chronotypes scored
significantly higher in the questionnaires of inattention Adult ADHD Self-Report Scale
(ASRS-6) (MT/IT: 1.62 £+ 1.59; ET: 2.71 + 1.62, p < 0.05) and day-time sleepiness
Epworth scale (MT/IT: 7.19 £+ 5.17; ET: 11.48 £ 5.26, p < 0.01), reported lower
subjective alertness (MT/IT: 63.02 + 21.40; ET: 40.76 £ 17.43, p < 0.001), and had
slower reaction times (MT/IT: 321.47 + 76.81; ET: 358.94 + 75.16, p < 0.05) during
tests, compared to non-evening chronotypes. Nevertheless, ETs did not significantly
differ in self-reports of executive functioning in the Behavioral Rating Inventory of
Executive Functions-A (BRIEF-A) from non-ETs. The scores on standard self-report
screening tools for ADS and executive functioning (ASRS-6, BRIEF-A-Metacognition)
correlated with eveningness. We conclude that eveningness, subjective sleepiness
and low arousal levels during morning can present as subclinical Attention Deficit
and Hyperactivity Disorder (ADHD) symptoms in typical young adults with no evident
sleep problems. Self-report based screening tools for ADS and executive functioning
reflect chronotype-related traits in healthy young adults. Strong eveningness may bias
the results of neurocognitive performance screening for ADHD when administered at
morning hours.

Keywords: chronotype, attention deficits, day-time sleepiness, alertness, reaction time, executive functioning,
actigraphy
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INTRODUCTION

Circadian rhythms exhibit a high inter-individual variability
and are classified to three main types along a continuum
from morningness to eveningness, based on the preferred
timing of sleep-wake activity (Horne and Ostberg, 1976; Adan
et al., 2012): MT, IT, and ET. Circadian profiles of melatonin
and cortisol secretion (Bailey and Heitkemper, 2001; Lack
et al, 2009), core body temperature (Vitiello et al., 1986)
but also alertness (Matchock and Mordkoft, 2009; Barclay and
Myachykov, 2017) and meal timing (Rossbach et al., 2018),
were found to be associated with each chronotype. Genetic
variations in circadian genes prompt the propensity of each
individual’s circadian rhythm to be entrained by light (Harvey,
2008), however, the timing of sleep is dependent on additional
factors, including accumulated sleep debt and light exposure
and social schedules (Roenneberg et al., 2003). In adults, an
individual’s chronotype may be reliably estimated using self-
report inventories, such as the Horne-Ostberg MEQ (Horne and
Ostberg, 1976; Roenneberg et al., 2003).

Chronotypes differ beyond variations in circadian timing,
including differences in personality and cognitive traits (Adan
et al., 2012), as well as health-related disparities (Caci et al,
2004; Adan et al, 2010, 2012; Roenneberg and Merrow,
2016). For example, individuals with MT may tend to have
higher conscientiousness and agreeableness (Adan et al., 2012)
and may perform better on cognitive and mood regulation
tasks compared to ET (Harvey, 2008; Kalmbach et al., 2017).
Different chronotypes exhibit significant relative shifts in times of
highest/lowest alertness and performance abilities (Bennett et al.,
2008; Hahn et al., 2012). MTs tend to reach their best performance
levels in the morning, while ITs and ETs in the afternoon, a
“synchrony effect” (Adan et al., 2012). This effect was suggested
to be explained by the co-occurrence of peaks in alertness, core
body temperature, and arousal.

Circadian fluctuations in arousal may have a critical impact in
everyday situations that require emotion-independent, sustained,
effortful cognition. Executive functions (EFs) conceptualized
as a set of higher-order cognitive abilities involved in the
organization, direction, and management of cognitive resources,
as well as of emotional responses, are particularly sensitive to the
time-of-day (Miyake et al., 2000; Schmidt et al., 2007; Diamond,
2013). Specifically, inhibitory control is lower during reduced
subjective alertness (May, 1999), while peaks in inhibitory control
correspond to peaks in subjective alertness, variations that relate
to chronotype (Manly et al., 2002).

People with evening chronotypes are prone to misalignments
between socially defined sleep-wake schedules and
physiologically driven preference for later timing of sleep, leading
to chronic shortening of sleep duration on work days (McGowan
et al., 2016; Roenneberg and Merrow, 2016). Sleep deprivation
and sleep restriction are ubiquitous among college students

Abbreviations: ADHD, attention deficit and hyperactivity disorder; ADS,
attention deficit symptoms; ASRS-6, adult ADHD self-report scale; BRIEF-
A, Behavioral Rating Inventory of Executive Functions; ET, evening type; IT,
intermediated type; MEQ, morningness-eveningness questionnaire; MT, morning
type; sRT, simple Reaction Time; VAS, visual analog scale.

(Hicks et al., 2001; Lund et al.,, 2010), typically belonging to the
age group with the highest frequency of evening chronotypes
(Roenneberg et al., 2003). Sleep-loss is related to cognitive deficits
in healthy adults, including altered emotionality (Horne and
Norbury, 2018), attention and executive control (Anderson et al.,
2009; Rossa et al., 2014; Cunningham et al., 2018), and ADHD -
like traits, such as unstable and disinhibited temperaments
(Ottoni et al., 2012; Park et al,, 2015) and sensation-seeking
behavior (Hsu et al., 2012; Kang et al., 2015). Delayed sleep phase
syndrome, eveningness, and sleep disorders are often comorbid
in adults and adolescents with ADHD (Gruber et al., 2007;
Moreau et al., 2013; Owens et al., 2013; Wajszilber et al., 2018).
Shortened, mistimed, sleep was suggested to mediate the impact
of evening chronotype on ADHD traits in the healthy young
adult population (Gruber et al, 2012; McGowan et al., 2016;
McGowan and Coogan, 2018).

Deficits in the EFs appear to be an important component
of the complex neuropsychology of ADHD (Doyle, 2006;
Marzinzik et al., 2012; Korman et al., 2018; Silverstein et al.,
2018), contributing to problems in everyday functioning and
psychological well-being. ADHD in adolescents and adults
is often associated with the evening chronotype (Kooij and
Bijlenga, 2013; Bumb et al., 2016; Coogan and McGowan,
2017; Vogel et al., 2017), dysregulation of arousal during wake
(Brennan and Arnsten, 2008; Hegerl and Hensch, 2014) and sleep
disturbances (Um et al., 2017; Korman et al., 2018). Low arousal
during wake was suggested to underlie deficits in attention
in ADHD (Sikstrom and Soderlund, 2007; Caci et al., 2009;
Strauss et al., 2018).

The diagnosis of ADHD relies heavily on subjective
assessments of perceived behavior (Gualtieri and Johnson,
2005). For adults, several major self-rated scales are widely used
to assess whether the criteria necessary for a diagnosis of ADHD
according to the Diagnostic and Statistical Manual of Mental
Disorders (DSM-5 314.00, 314.01), are met (Goodman, 2009);
these include the World Health Organization ASRS-6 (Kessler
et al., 2005) and the BRIEF-A (Roth et al., 2005). ASRS-6 score
was recently found to be correlated with circadian typology
(McGowan et al., 2016).

These considerations suggest that an investigation of
the interactions between individual differences in circadian
variability (chronotype and arousal) and the subjective and
objective level of executive functioning using screening tools
designed to detect ADHD symptoms is appropriate for healthy
adults without ADHD. Thus, the aim of the present study was
to assess differences between young healthy adults with either
evening (ET) or non-evening (MT/IT) chronotypes, in the
self-reported scores in the standard tools used for screening for
ADHD and deficits in executive functioning, the ASRS-6 and
BRIEF-A, respectively. The main hypothesis was that given the
association between arousal levels and executive functioning,
self-report based screening tools for adult ADS and executive
functioning may reflect chronotype-related traits in healthy
individuals even in the absence of recognized sleep deficits.
We tested the participants’ performance on a visual attention
reaction time task and their concurrent self-reported levels of
arousal, to quantitate attention maintenance abilities in the two
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groups during morning hours, time-of-day most relevant to
occupational and academic activities. Additionally, day-time
sleepiness [Epworth questionnaire (Johns, 1991)] and sleep
parameters (actigraphy and sleep diary) were assessed. The
outcome measures were compared across groups and tested
for correlation with the participants’ scores in the ASRS-6 and
BRIEF-A questionnaires.

MATERIALS AND METHODS

Participants

The study was approved by the University of Haifa human
experimentation ethics committee. 42 young healthy adults
(27 £ 4.3 years old, 29 women) took part in the study.
Experiments took place in Haifa, Israel, in the spring—summer
months of 2017. The study was advertised in the University of
Haifa social media and campus boards. Respondents were first
interviewed by an occupational therapist via phone about general
health, history of ADHD, learning disabilities and sleep-wake
habits. Respondents that affirmed that they were not suggested
to have or were never diagnosed as having ADHD/ADD during
their childhood or adulthood, had no family history of ADHD
and reported no diagnosed sleep disorders, neurological or
psychiatric conditions were invited to take part in the study.
In total, 44 persons were invited. Two participants, however,
dropped out before the commencement of the experiment
(starting a new job, illness on the morning of the experiment).
Additional exclusion criteria were the use of drugs, heavy
alcohol consumption, regular smoking, working in shifts or
using medications that might affect arousal or sleep. All the
participants were asked not to drink caffeine beverages prior
to the experiment session and confirmed they followed this
instruction. Participants confirmed they had normal habitual
sleep on the pre-experimental night; they were requested to
keep a record of bed-time on the pre-experimental and post-
experimental nights.

The test session was preceded by ~30-min accommodation
period (journal reading and chatting, no physical activity, no
use of devices) in a quiet, air-conditioned (ambient temperature
set to 23°C) laboratory room with 150 LUX standard office
lighting, to ensure that testing reflects performance at baseline
arousal level. During this time the informed consent form was
signed. The session started at 8:00 AM (£30 min) and lasted
for approximately 35-40 min. It included the VAS assessment
for immediate subjective level of arousal, instructions on the
simple visual attention task and the tests, followed by filling out
the questionnaires. Note, that for ET participants, the testing
took place at their non-preferred, off-peak, time of day. All the
participants were university students and were paid a sum of 100
NIS (~268$) to take part in the study.

Groups

Circadian preferences were prescreened using the Horne-
Ostberg MEQ (Horne and Ostberg, 1976) to ensure a range of
chronotypes to be represented. Using the standard cut-off score
of 41, 21 participants with evening chronotype (26.3 & 5.1 years

old; 16 women; mean MEQ score (31.9 &+ 6.27) were included
in the ET group and 21 participants with morning/intermediate
chronotype [26.7 £+ 3.1 years old; 13 women, mean MEQ
score (53.57 £ 7.37)] were included in the MT/IT group
(distribution of chronotypes in the sample can be seen in
Supplementary Figure S1).

Tests and Questionnaires

During the test session, participants first completed the VAS
for the self-assessed current level of alertness, with values
ranging from 0 (minimally alert) to 100 (maximally alert).
Immediately after the VAS assessment, the participants were
engaged in the Deary-Liewald computerized sRT task. The
performance in the sRT was used as a measure of sustained
visual attention and processing speed (Deary et al,, 2011). The
program records the response times and the inter-stimulus
interval for each trial. A white square was positioned in
the center of the screen, set against a blue background. The
stimulus to respond to was the appearance of a diagonal
cross within the white square. Participants were instructed
to respond by pressing a keyboard key, as quickly as
possible, each time the cross appeared. The cross remained
on the screen until the key was pressed and another cross
appeared shortly after. The inter-stimulus interval ranged
between 1 and 3 s and was randomly displayed within
these boundaries and a total of 80 trials were afforded
in two blocks (altogether ~8-10 min for the sRT session
including instructions).

All participants completed the Demographic and General
Health questionnaire SF-12 (Ware et al., 1996), BRIEF-A (Roth
et al., 2005), ASRS-6 (Adler et al., 2003) and Epworth daytime
sleepiness scale (Johns, 1991) pen and pencil questionnaires
onsite after the session of reaction time assessment. The ASRS-
6 is a brief six questions (rated on a 5-point Likert-type
scale) screener that reliably measures frequency of symptoms
of inattention and hyperactivity in adults (Kessler et al., 2005;
Hesse, 2013). An adjunct reliable screening of adult ADHD
is based on the assessment of EFs (Kessler et al., 2010;
Ramsay, 2017). The BRIEF-A is composed of 75 items that
assess an adult’s EFs or self-regulation in his or her everyday
environment on a 3-point scale (Never, Sometimes, or Often)
summarized in nine non-overlapping clinical scales. The BRIEF-
A subscales are standardized to yield T-scores specific to age
and gender norms. Three major index scores are calculated
for BRIEF-A: a behavioral regulation index (BRI), a meta-
cognition index (MI), and a global executive composite (GEC)
score (Roth et al,, 2005, 2013). Actigraphy (ActiGraph wGT3X,
ActiGraph, LLC) was performed on the post-experimental and
not the pre-experimental night to avoid possible bias due to
the non-habitual waking times (early morning awakening was
imposed by the timing of the neurocognitive tests in the lab,
scheduled to 8:00 AM). Actigraphy data was used to verify
that participants had no substantial sleep deficits and to assess
differences in sleep parameters between the groups. A sleep
diary was filled for the nights before and after the day of
data collection. The actigraphy data were analyzed using the
ActiLife 6 software.
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Data Analysis

Statistical analysis was carried out in SPSS v.25 (IBM
Corporation, NY, United States). Independent two-tailed ¢-tests
and Mann-Whitney U tests for between group comparisons
were used to examine the differences in each type of scores
and ratings. Analysis of the ASRS-6, Epworth sleepiness
questionnaire and BRIEF-A scores used non-parametric
statistics. Partial, zero-order Spearman correlations were used
to examine the relationships between the variables (Mukaka,
2012). In all analyses, the significance level was set to a = 0.05,
two-tailed. Post hoc power of group comparisons (P =1 — f
err prob), based on the calculated effect sizes and o = 0.05, was
estimated using G*Power 3.1 software.

RESULTS

Group Comparisons

Mean subjective arousal levels at 8:00 AM on the day of
the experiment, measured using a VAS, differed significantly
between the groups (MT/IT group - 63.02 £ 21.40; ET group -
40.76 £ 17.43; t(1,40) = 3.69, p = 0.001, Cohen’s d = 1.14,
P = 0.56) (Figure 1A). The ET group also had a significantly
higher mean rank score in the Epworth sleepiness scale compared
to the MT/IT group (MT/IT group 7.19 £ 5.17; ET group
11.48 £ 5.26, Mann-Whitney U = 104.5, p = 0.003, Cohen’s
d =0.822, P = 0.718). Moreover, the participants of the ET group
demonstrated, on average, mild excessive sleepiness (Figure 1B),
with 8/21 participants having scores above 9 [threshold scores
10-15 are considered mild to moderate; scores > 16 indicate
severe excessive daytime sleepiness (Johns, 1991)]. Significant
differences were found in the reaction times in the Deary-
Liewald computerized sRT task [mean RT (msec): MT/IT group
321.47 £ 76.81; ET group 358.94 £ 75.16; Mann-Whitney
U =131.0, p = 0.039, Cohen’s d = 0.493, P = 0.33].

In the MT/IT group 1/21, in the ET group 3/21 participants
had a score > 4 with all other participants scoring below the
clinical threshold (value > 4) on the ASRS-6. However, the ASRS-
18 scores showed that even participants with ASRS-6 score above
4 had no clinical-level ADHD symptomatology. In line with
the ASRS scores, in the BRIEF-A all participants had a BRI, a

MCI, and a GEC score within the age-specific norms (T < 65).
Altogether, these results indicate that none of the participants was
suspected as having ADHD.

The ET group had a significantly higher mean rank score
in the ASRS-6 scale compared to the MT/IT group (MT/IT
group 1.62 = 1.59; ET group 2.71 £ 1.62, Mann-Whitney
U = 139.5, p = 0.038, Cohen’s d = 0.679, P = 0.951) (Figure 1C).
No significant differences were found between groups in the
BRIEF-A indexes.

Analysis of self-reported bed-time from sleep diary on the
pre-assessment night confirmed that bed-time was significantly
delayed in the ET group [t(1,36) = —2.43, p = 0.021, Cohen’s
d = 081, P = 0.78], on average 75.33 min later than the
MT/IT group (we note that two participants in each group did
not keep the sleep diary). Independent samples ¢-tests showed,
however, no significant differences between the groups in respect
to actigraphy-derived post-experimental night sleep parameters,
including sleep efficiency, sleep onset latency, total sleep time,
total time in bed, wake after sleep onset and the number of
awakenings (Supplementary Table S1). Thus, in the current
sample, the differences in performance measures and screening
scores of the two chronotype groups may not be ascribed to
differences in sleep quality and duration given the participants
reports and the limited actigraphy data.

Correlations

Table 1 summarizes the correlations between the scores
on the ASRS-6 and the BRIEF-A major subscales and the
measures of chronotype, sleepiness alertness and reaction times,
without subdivision to groups. The ASRS-6 scores showed a
significant negative correlation with the MEQ score, reflecting
that higher ASRS-6 scores were associated with increased
eveningness. Higher ASRS-6 scores also showed significant
correlations with typical eveningness-related symptoms — higher
day-time sleepiness and lower subjective alertness during
morning as well as slower reaction times in simple visual
RT task. Altogether, these correlations suggest that the ASRS-
6 scores reflect not only the level of inattentiveness and
hyperactivity, but also the individual’s circadian characteristic
of morningness-eveningness the level of subjective alertness and
motor vigilance.

VAS score

Epworth score

MTAT ET MTAT

Bars, standard deviations of the mean.

FIGURE 1 | Day-time sleepiness, subjective alertness, and ASRS-6 scores in morning/intermediate type (MT/IT) and evening type (ET) participants. Significant
differences between the MT/IT and the ET group were found for: (A) VAS scores (ranged between 0-min, 100-max subjective alertness at 8:00 AM), (B) Epworth
daytime sleepiness scale scores (scores of 10 and above indicate excessive sleepiness), and (C) ASRS-6 scores (scores of 4 indicate positive screening for ADHD).

ASRS-6 score
(S

\_|:1 :

ET MTAT ET
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TABLE 1 | Spearman’s correlations between ASRS-6, BRIEF-A Metacognition index, Behavioral regulation index and Global executive composite subscales, Epworth,

MEQ, and VAS scores.

MEQ ASRS-6 Epworth VAS sRT
MEQ - —0.322* 0.390** —0.676%** —-0.373*
ASRS-6 - - 0.384** —0.569*** 0.320*
Epworth - - - —0.458** 0.349*
VAS - - - - ns
Metacognition index —0.314* 0.693*** 0.363** —0.548** ns
Initiate —0.372** 0.488*** ns —0.525%** 0.300*
Behavioral regulation index ns 0.522%** 0.374** —0.433** ns
Global executive composite ns 0.647** 0.339** —0.496%** ns

MEQ, Morningness-Eveningness Questionnaire; ASRS-6, Adult ADHD Self-Report Scale; VAS, Visual Analog Scale; sRT, simple reaction time. Only significant correlations

of r > 0.3 are presented in the table. *p < 0.05, **p < 0.01, ***p < 0.001.

The Metacognition Index (but not the Behavioral Index) of
the BRIEF-A also correlated with the individual’s morningness-
eveningness. Specifically, the sub-index of “Initiate” function
correlated with both the MEQ score and the objectively measured
reaction time. Both the Metacognition Index and the Behavioral
Index of the BRIEF-A correlated with ASRS-6 score, the Epworth
and the VAS arousal scores (Table 1; see Supplementary Table S2
for the same data corrected for multiple comparisons using the
Benjamini-Hochberg False Discovery Rate procedure). All nine
BRIEF-A subscales had moderate to strong and highly significant
correlations with the ASRS-6 score (Supplementary Table S3).

DISCUSSION

The current exploratory study investigated in young healthy
adults the influence of chronotype on neurocognitive
performance during morning hours and scores in self-reports
about ADS and executive functioning. Significant differences in
subjective sleepiness (VAS scale for immediate alertness) and
vigilance levels (RT in simple visual attention) at 8:00 AM test
sessions were obtained between the ET and MT/IT groups, in
line with the literature on the “synchrony” effect (Adan et al,,
2012). These differences were in agreement with the significantly
increased daytime sleepiness, obtained among the ET group
participants (self-report Epworth scale). Scores in the self-report
screening tools for symptoms of ADHD, - the BRIEF-A and the
ASRS-6, — were below their respective clinical cut-off values.
Nevertheless, the ET group scored significantly higher in the
mean score of the ASRS-6 scale. Scores of the ASRS-6 and the
BRIEF-A-Metacognition Index significantly correlated with
chronotype, day-time sleepiness, subjective alertness and motor
vigilance in the morning hours. Importantly, these correlations
were obtained in young adults with no evident sleep problems.
These findings suggest that the standard screening tools for
symptoms of ADHD seem to reflect the circadian characteristics,
morningness-eveningness, rather than solely the propensity of
healthy individuals to show ADHD related symptoms.

Our findings extend the previous notions that chronotype
and sleep quality are associated with ADS in people without
ADHD diagnosis (Kang et al,, 2015; McGowan et al., 2016;
McGowan and Coogan, 2018). People with evening chronotypes

are susceptible to larger social jetlag (the mismatch between
the preferred sleep-wake times and the schedules imposed by
academic and social obligations), leading to shorter sleep, - a
likely mediator of the ADHD traits in healthy young adults
(Gruber et al., 2012; McGowan et al., 2016; McGowan and
Coogan, 2018). In the current study, however, no significant
differences were found for sleep measures between the ET
and MT/IT participants. Thus, evening chronotype by itself
may be a significant factor, not necessarily mediated by
sleep problems but rather reflecting different diurnal profiles
of arousal level. In line with this notion are the findings
of studies, suggesting that accounting for circadian profiles
can substantially benefit performance and learning in neuro-
typical individuals (Bennett et al, 2008; Hahn et al., 2012;
Lara et al, 2014) and young adults with ADHD (Korman
et al, 2017, 2018) without the need to directly compensate
for sleep deficits. Social constrains often impose awakening
times close to the body temperature nadir in ETs, when
alertness is low (Lack et al., 2009). Recent studies on circadian
modulation of brain activation (Gaggioni et al., 2014; Muto
et al., 2016) suggest that cortical responses in cognitive tasks are
modulated by chronotype.

Healthy college students may be more vulnerable to the
negative cognitive effects of later bedtimes and off-peak times
of cognitive activity than others (Gao et al., 2019) and there is
evidence suggesting that eveningness is a subclinical factor in
physical and psychiatric health (Fabbian et al., 2016; McGowan
and Coogan, 2018). Individual differences in the magnitude of
the social jetlag and associated differences in sleep debt on the
days preceding the testing may impact the results of cognitive
assessments of adults with ADHD (McGowan et al., 2016), as
well as, of healthy adults (McGowan et al., 2016; Barclay and
Myachykov, 2017). However, typical ETs have advantages at other
times-of-day and during sustained wakefulness over their MT
peers (Adan et al., 2012; Barclay and Myachykov, 2017).

Two findings of the current study relate to the question of
what constructs are being assessed by the ASRS-6 and the BRIEF-
A. The scores of the ASRS-6 and the BRIEF-A (major and
minor indexes) were strongly correlated, highlighting a robust
association between self-reported ADHD symptomatology and
executive functioning in healthy young adults; not only in
adults with ADHD (Silverstein et al., 2018). However, it has

Frontiers in Psychology | www.frontiersin.org

June 2019 | Volume 10 | Article 1397


https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Korman et al.

Chronotype and Attention Deficit Symptoms

been suggested that self-reported questionnaires and objective
psychometric tests may evaluate different constructs (Emser et al.,
2018). In the current study, the reaction times in the sRT task did
not correlate with the ASRS-6 or the BRIEF-A indexes, except for
the “Initiate” index of the latter. Nevertheless, the MEQ score,
i.e., chronotype, correlated with the sRT performance, arguably
a measure reflecting executive functioning (Chan et al., 2008).

The results and conclusions drawn from the current study
refer specifically to young adults, in their twenties. Chronotype
(Roenneberg et al., 2003; Fischer et al., 2017), sleep characteristics
(Dufty et al., 2015) and executive abilities (De Luca et al., 2003)
change non-linearly during adulthood, thus, links between these
parameters are expected to be modified by aging. In agreement
with reports on the ubiquity of sleep debt and sleep restriction
among college students (Hicks et al., 2001; Lund et al., 2010),
participants of both experimental groups in the current study
had an indication of sleep debt (total sleep time ~ 5.8 h, about
1 h less than a physiological norm), however, no differences were
found between the means of the total sleep times between the
groups and no sleep problems were reported. The single day
actigraphy (over the post-test night) is, however, one limitation
of the study. It is also likely that a larger acute sleep deficit
on the pre-testing night may have occurred in the ET group;
the ET group participants went to bed later than their peers by
more than an hour but all study participants came to the lab
at 8:00 AM (%30 min). Additional limitations of the current
study include: (i) the restriction of the sample to university
students and the small sample size; (ii) the amalgamation of
morning-type and intermediate-type persons under one group of
non-evening chronotypes.

Altogether, we report that eveningness, day-time sleepiness
and low arousal levels during morning hours can present
as subclinical ADHD symptoms in typical young adults with
no evident sleep problems. The current findings also raise
the possibility that strong eveningness may bias the results
of computerized neurocognitive screening for ADHD when
administered at morning hours (van der Heijden et al,
2018). In sum, healthy individuals with evening chronotype
may experience and demonstrate executive functioning and
manifestations of lowered arousal that have been described as
typical in ADHD, especially in morning hours; there is a need
to carefully consider cognitive symptoms related to evening
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