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Abstract

Sleep-related attentional bias, wherein exaggerated attention is directed to sleep-related stimuli, has been proposed to be
part of the cognitive processes that underpin the development and perpetuation of insomnia. Attention deficit hyperactivity
disorder (ADHD) is commonly associated with clinically significant sleep disturbances, although the nature of the relation-
ship between ADHD and sleep is not well understood. We hypothesised that ADHD symptoms would associate with greater
attentional bias to sleep-related stimuli. We used an emotional Stroop task with sleep-related words to assess the presence
of sleep attentional bias in a sample of 155 younger adults. ADHD symptoms and consistency with the presence of ADHD
was assessed with the Adult ADHD Self Report Screener and insomnia symptoms and probability for the presence of insom-
nia disorder was assessed with the Sleep Condition Indicator. ADHD symptoms and consistency, and insomnia symptoms
and probability for the presence of insomnia disorder, were not found to associate with sleep attentional bias scores. Sleep
attentional bias also did not associate with chronotype or social jetlag, but habitual use of an alarm clock on work-free days
associated with greater sleep attentional bias. As such, we did not find evidence to support the hypothesis that ADHD symp-

toms are associated with sleep attentional bias in a sample of healthy younger adults.
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Introduction

Sleep-related attentional bias, an attentional preference
for sleep-related stimuli, has been observed in individuals
diagnosed with insomnia disorder (Harris et al., 2015;Lundh
et al., 1997; Taylor et al., 2003; Jones et al., 2005; Mac-
Mahon, et al., 2006; Ellis & Barclay, 2013; Akram et al.,
2018). Such sleep attentional biases have also been reported
to associate with poor subjective sleep quality in non-clinical
populations (Spiegelhalder et al., 2008). It has been postu-
lated that attentional biases occur when individuals are more
likely to selectively allot information processing resources
to sensory input related to their concerns (for example, see
Mogg & Bradley, 2005 for attentional biases in anxiety dis-
orders). In insomnia disorder, the attention-intention-effort
model proposes that sleep-related stimuli will be more likely
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to induce threat through association with functional decline
linked to insomnia, and lead to craving for sleep (Espie et al.,
2006). As such, sleep attentional biases have been proposed
as an important feature of the cognitive model of insom-
nia through a pathway in which worry about sleep leads to
autonomic arousal and emotional distress, in turn leading
to increased vigilance towards internal and external sleep-
related threat cues (Harris et al., 2015; Milkins et al., 2016).

Sleep disturbances are reported to be common in attention
deficit hyperactivity disorder (ADHD), with 70% of adults
with ADHD reporting sleep-related concerns (Yoon et al.,
2012; Bondopahyay et al., 2022; Bjorvatn et al., 2017) and a
prevalence of insomnia disorder of 44% reported in adults with
ADHD (Fadeuilhe et al., (2021a, 2021b). Clinical intervention
for insomnia in adults with ADHD, such as psychoeducation,
sleep hygiene and pharmacotherapy, may lead to improvement
in ADHD symptoms, psychiatric comorbidities and overall
quality of life (Fadeuilhe et al., 2021b). At present, the aetiol-
ogy of sleep problems in ADHD is not well understood, and
may comprise of neurocognitive, behavioral, homeostatic and
circadian elements. As attentional sleep biases have been pos-
tulated to be an important component in the cognitive model of
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insomnia, and insomnia is highly prevalent in ADHD, it may
be that attentional sleep biases contribute to sleep problems
in ADHD. ADHD in adults is also associated with alterations
in circadian rhythms in sleep—wake behaviours and molecular
processes, including a marked tendency towards later chrono-
type and habitual sleep timing (Coogan & McGowan, 2017,
Korman et al., 2019). It is also not currently clear if changes
in chronotype and circadian function similar to those found in
ADHD are associated with attentional sleep biases: MacMa-
hon et al. (2006) have reported that patients with delayed sleep
phase syndrome do not show greater sleep attentional biases,
although there are no further reports in the literature examining
circadian rhythms and sleep attentional biases.

As a disorder characterised by marked changes in atten-
tional processes, ADHD may be associated with various
attentional biases (Cremone et al., 2018; Pishyareh et al.,
2015). For example, there is evidence that ADHD is associ-
ated with an attentional bias against sad faces (Shapero et al.,
2021), for alcohol (Roberts et al., 2012) and for both positive
and negative emotional words (Shushakova et al., 2018).
However, there is no current examination of the presence
of sleep attentional biases in either people with ADHD, or
in relation to ADHD symptoms. As such, the current study
tested the hypothesis that ADHD symptom severity in a
non-clinical sample would associate with the presence of
attentional sleep bias, that the presence of insomnia symp-
toms would associate with attentional sleep bias, and that
the greatest attentional sleep bias would be present in par-
ticipants with a combination of ADHD and insomnia symp-
toms. As secondary outcomes, we examined the association
of sleep attentional bias with chronotype, social jetlag and
habitual alarm clock usage.

Methods
Participants

We employed purposive sampling to recruit 165 (70%
females) participants between the age range of 20- 35 years
(mean age- 23.07, standard deviation- 3.77). Exclusion crite-
ria were the presence of a significant medical or psychiatric
history or a diagnosed sleep disorder. All participants were
either under-graduate or post graduate students and provided
informed consent. Ethical approval for the study was given
by the Research Ethics Committee of Maynooth University.

Psychometrics
All participants completed an on-line questionnaire deliv-
ered through the Qualtrics platform. This questionnaire

including questions relating to standard demographics such
as age and gender.
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ADHD symptoms The presence of ADHD symptoms was
assessed with the Adult ADHD Self Rating Scale (ASRS v
1.1), an 18 item self-report scale where a subject responds
to a particular statement by selecting one of the 5 response
options ranging from ‘never’, ‘rarely’, ‘sometimes’, ‘often’
and ‘very often’, and is based on the DSM-IV-TR criteria
for adult ADHD (Adler et al., 2006). To produce a DSM-5
score from the ASRS, the 6 items from the Adult ADHD
Self-Report Screening Scale for DSM-5 (ASRS-5) were
also included in the measure. Two sets of scores for inat-
tention and hyperactivity/impulsivity were derived from the
ASRS 18 items in part A and part B. These scores were
then divided into three categories, scores ranging from
0-16 (low ADHD inattention/hyperactivity), scores rang-
ing from 17-23 (moderate ADHD inattention/hyperactivity
and scores ranging 24 or above (high ADHD inattention/
hyperactivity). Finally, a ADHD consistency/inconsistency
category is evaluated from the ASRS v 1.1. The ASRS is
described as having a negative predictive value for clini-
cally-determined diagnosis of adult ADHD of 1 and a posi-
tive predictive value of 0.52 (Hines et al., 2012). As such,
the screener has very strong properties for ruling out the
presence of adult ADHD, and considerably more moderate
properties for predicting the presence of adult ADHD.

Subjective Sleep Quality Subjective sleep quality was
assessed through two instruments. The Sleep Condition
Indicator (SCI) is an eight-item screener based on the
DSM-5 criteria for insomnia disorder (Espie et al., 2014).
A total score of less than 16 indicated probability of insom-
nia features for the participant. The SCI has been reported
to have a predictive value of ~0.85 for clinically diagnosed
insomnia disorder according to DSMS5 criteria (Wong et al.,
2017). The Pittsburgh Sleep Quality Index (PSQI) is a com-
monly used and well validated questionnaire used to assesses
subjective sleep quality a one month period (Buysee et al.,
1989). The instrument is used to generate seven subscale
scores relating to subjective sleep quality, sleep latency,
sleep duration, habitual sleep efficiency, sleep disturbances,
use of sleeping medication, and daytime dysfunction, a a
global PSQI score is produced through the summation of
these sub-scale scores. Global PSQI scores of less than five
indicates good sleeper status, and scores of equal or greater
than 5 indicates bad sleeper status.

Trait Impulsivity Trait impulsivity was assessed using
the Barratt Impulsiveness Scale (BIS-11; Patton et al.,
1995). The BIS-11 is a self-reported measure of 30 items
scored as five point Likert-like responses. The BIS-11
has a three factor structure, producing subscale scores
for “attentional impulsiveness”, “motor impulsiveness”,
and “non-planning impulsiveness”, as well as a total trait
impulsivity score.
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Chronotype Chronotype and social jetlag were derived from
the Munich Chronotype Questionnaire (MCTQ; Roenneberg
et al., 2012). This instrument enquires about habitual sleep
habits and timing over the past 4 weeks on “work” days
(those with scheduled commitments) and “free” days (those
without formal work, study or other commitments). Alarm
clock use on “work” and “free” days is asked about in a
yes/no question. The main measures of sleep timing and
chronotype produced by the the MCTQ are the times of
mid-sleep (halfway between sleep onset and offset) on work
(MSW). Sleep debt accumulated through the working week
is corrected for to produce sleep-corrected MSF (MSFsc),
which is taken as the lead indicator of the entrained circa-
dian phase (Roenneberg et al., 2012). Social jetlag was cal-
culated as the absolute difference between MSW and MSF,
and is indicative of circadian misalignment arising out of a
conflict between internal circadian time and social schedules
(Roenneberg et al., 2012).

Sleep Attentional Biases

To assess sleep attentional biases we used a custom comput-
erized sleep-related emotional Stroop task, presented via the
Inquisit software system (Millisecond, Seattle, USA). We
choose the emotional Stroop task to assess sleep attentional
biases as a number of previous studies have presented evi-
dence for the detection of sleep attentional biases in different
populations using this approach (Lundh et al., 1997; Spiegel-
halder et al., 2008, 2018; Zhou et al., 2018). Indeed, a recent
meta-analysis has revealed that re-analysis of some previous
findings from sleep emotional Stroop tasks has uncovered
new evidence for the presence of sleep attentional biases
in different sleep populations with moderate to large effect
sizes (Akram et al., 2023).

Briefly, coloured words were randomly presented indi-
vidually in the centre of a screen. Responses to these word
stimuli were through participants pressing keyboard let-
ters representing the colours of the words presented (red
(D), blue (F), green (J) and yellow (K)). A fixation cross
was presented on the screen for 500 ms before presenta-
tion of each word stimuli. Participants were first given 24
practice trials using words ‘one’- ‘ten’ as practice stimuli,
followed by 2 blocks of 160 experimental trials (containing
4 categories of 10 words each, presented with 4 repetitions
in random order). The 2 blocks of 160 trials were spaced
in between one 2-min rest period. Word lists contained 10
sleep-related derived from the study of Ellis and Barclay
(2013), and 10 neutral, 10 positive and 10 negative words
as per the Alcohol Emotional Stroop task (Bauer & Cox,
1998). The sleep-related words were chosen specifically to
lack affective connotations, and as previous research has
demonstrated that participants with ADHD features are more
susceptible to higher distractibility when faced with negative

valenced emotional stimuli in an emotional attention task
(Vetter et al., 2018). Details of the exact word lists used are
in Supplementary Table 1. As performance characteristics
of emotional Stroop tasks can be influenced by the lexical
characteristics of the word stimuli used (Larsen, Mercer
& Balota, 2006), we analysed the words used for lexical
equivalence via the English Lexical Project analysis tool
(https://elexicon.wustl.edu/index.html) for word length, nor-
med word usage frequency, orthographic neighbourhood of
used words, lexical reaction time and naming reaction time.
The results of this analysis are detailed in Supplementary
Table 2; we detected no statistically significant differences
between the word types on any of these measures. The script
for the emotional Stroop task used, as well as the data from
the study, can be found at https://osf.io/zx3uy/.

The outputs obtained from the emotional Stroop test
included reaction times for sleep, negative, positive and
neutral words, and the interference index (the difference
between the neutral and the sleep/negative/positive word
reaction times). Only reaction times from correct trials were
included in the analysis; reaction times from error trials were
excluded from analysis. We used the sleep interference score
(Mean RT Sleep — Mean RT Neutral per participant) as the
principal measure of sleep attentional bias, with greater
scores indicating more sleep attentional biases.

The study protocol straddled the introduction of Covid-19
pandemic restrictions on Spring 2020. Prior to the intro-
duction of restrictions, the emotional Stroop task was con-
ducted at a desktop PC in a sound proof cubicle (47% of
participants). After the introduction of restriction, the Stroop
tasks was delivered on the internet using the Inquisit web
platform. Analysis of the mode of delivery revealed no dif-
ference between the two conditions; for example, comparing
the sleep interference scores revealed a P=0.99. As such,
data from both conditions was collapsed and treated as one
data set.

Data analysis

Statistical analysis was conducted with SPSS version 26
(IBM Corporation, USA). All data was assessed for normal-
ity and the presence of outliers using the Shapiro Wilk test
and inspection of histograms. Legitimate values which were
noted as outliers through box plots were winsorized to 1+ the
highest value in that distribution and absolute outliers were
removed from data set. Groupwise comparison of data was
conducted using t-tests or ANOVAs for the primary measure
of sleep vigilance, and MANOVA, for reaction times. Fur-
ther, reaction time data from the Stroop tasks was assessed
via mixed between-within group ANOVAs, with word type
(neutral, positive, negative, sleep) as the within-subject factor
and ADHD grouping oo insomnia grouping as the between-
subjects factor. Correlation analysis was conducted with
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Spearman’s rho. To account for multiple correlation testing
in inferential tests, alpha was adjusted to 0.01 for the pri-
mary outcome of interest, the sleep bias (vigilance) scores.
Reaction time data were treated as secondary outcomes, and
alpha was not adjusted from 0.05 for statistical significance.
Results are presented in the text as mean values + standard
error of the mean.

Results
Descriptive Statistics

29% of study participants were male, and the average age of
participants was 23.05 years old (Table 1). 36% of partici-
pants were identified as being consistent with ADHD from
their ASRS scores, and 33% of participants were identified
as probable for insomnia disorder from the SCI scores; 15%
of participants scored as being both ADHD consistent and
insomnia probable. According to PSQI scores, 81% of par-
ticipants scored 5 or greater indicating being a bad sleeper.
46% of participants reported habitually using an alarm clock
on work-free days and 97% of participants reported using an
alarm clock on “work” day mornings. The average timing of
midsleep on free days (sleep corrected) was 05:06 and the
mean social jetlag was 78 min (Table 1). ASRS scores were
found to correlate moderately with SCI and PSQI scores
(more ADHD symptoms associating with poorer sleep qual-
ity), and with MSFsc (later midsleep associating with greater
ADHD scores; Table 2).

Sleep attentional bias according to ADHD
and insomnia categories: hypothesis testing.

When examined according to ADHD-consistency based on
ASRS scores (inconsistent/consistent), there was no statis-
tically significant difference in the sleep bias scores on the
Stroop test (-3.25+3.41 ms inconsistent vs 0.79 + 3.2 ms for
consistent, P=0.433; Fig. 1A). MANOVA revealed no effect
of ADHD consistency on RT for any word type (Wilk’s
Lambda, P=0.648; Fig. 1 B-E). Further, mixed-between

Table2 Spearman rho correlation analysis showing associations of
the psychometric measures of ADHD symptoms (ASRS), trait impul-
sivity (BIS), insomnia symptoms (SCI), sleep quality (PSQI), chrono-
type (MSFsc) and social jetlag (SJL)

ASRS BIS SCI PSQI MSFsc
BIS 0.513%***
SCI -0.306%#*  -(0.398%**
PSQI 0.365%** 0.390%**  -0.702%**
MSFsc  0.277*%¥* 0.302%**  -0.268***  (.368%***
SIL 0.040 -0.019 -0.142 0.089 0.334#%

** denotes P < 0.001

ANOVAs revealed no interaction between word-type x
ADHD consistency on RT (F(3,435)=0.172, P=0.92;
Fig. 1F). When performance on the Stroop task was exam-
ined according to insomnia disorder probability status (not
probable/probable), there was no statistically significant dif-
ference on the sleep bias scores (0.85 + 3.01 ms improbable
vs -7.02+4.45 ms for probable insomnia, P=0.2; Fig. 2A).
MANOVA revealed no effect of insomnia probability on RT
for any word type (Wilk’s Lambda, P=0.11; Fig. 2 B-E), and
mixed-between ANOVAs revealed no interaction between
word-type x insomnia probability on RT (F(3,435)=2.04,
P=0.11; Fig. 2F). Further, no effects of PSQI good/bad
sleeper status was found on any of the Stroop task scores
examined (eg. sleep bias score -1.57 +5.84 ms for good
sleepers vs. -1.3742.71 ms for bad sleepers, P =0.98).

For further analysis, ASRS scores were used to catego-
rise participants according to inattention and hyperactivity/
impulsivity status (low/moderate/high) and groupwise analy-
sis on sleep vigilance scores was examined: there was no
effect of either inattention status (F(2,148)=1.21, P=0.30;
Fig. 3A) or hyperactivity/impulsivity status (F(2,148)=0.61,
P=0.55; Fig. 3B).

We then examined sleep bias scores in individuals who
were neither ADHD-consistent of insomnia probable, who
were either ADHD-consistent or insomnia probable, and
those who were both ADHD-consistent and insomnia prob-
able; there was no effect of combined ADHD/insomnia
status on sleep vigilance scores (F(2,148)=0.31, P=0.74;

Table 1 Descriptive statistics for the study sample, including performance metrics on the emotional Stroop task and summary scores for the psy-

chometric instruments used

AGE (yrs) RT-SLEEP RT-NEGATIVE RT-NEU-

RT-POSITIVE ASRS BIS SCI

PSQI MSFsc SIJL

(ms) (ms) TRAL (hh:mm) (min)
(ms)
Mean 23.053 650.062 650.588 650.533 653.395 9483 63.258 19.703 7.671 05:06 78.071
S.D 3.793 84.290 85.189 81.007 88.597 3590 11.090 6.622 3.150 01:13 46.486
Minimum 20.000 415.362 443.887 444902  473.909 2.000 34.000 3.000 1.000 02:25 0.000
Maximum 35.000 918.771 892.190 911.742  948.760 20.000 101.000 31.000 15.000 08:54 300.000

N=155 for the total sample
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Fig.1 Violin-and-box plots showing groupwise comparisons accord-
ing to ADHD-consistency status derived from ASRS response on
(A) sleep attention bias scores (interference scores for sleep words),
and reaction times to (B) sleep-related words, (C) negative words,

(D) positive words and (E) neutral words. F Line graphs illustrating
word-type x ADHD consistency analysis for reaction times (error
bars indicate SEM)
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Fig.2 Violin-and-box plots showing groupwise comparisons accord-
ing to insomnia disorder probability status derived from SCI response
on (A) sleep attention bias scores (interference scores for sleep
words), and reaction times to (B) sleep-related words, (C) negative

Fig. 3C). When examining reaction times for different
word types, there was an effect of inattention category
(F(1,144)=4.82, P=0.005) but no effect of word type

words, (D) positive words and (E) neutral words. F Line graphs illus-
trating word-type x insomnia probability analysis for reaction times
(error bars indicate SEM)

(P=0.541) or word type x inattention interaction (P =0.723;
Fig. 3 D). There were no statistically significant effects
(P> 0.2 for all effect) for 2 way mixed ANOVAs for word
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Fig.3 Violin-and-box plots showing groupwise comparisons for
sleep attentional bias scores based on participant classification from
the ASRS inattention items (A), hyperactivity items (B) and accord-
ing to whether participants were scored as both insomnia probable
and ADHD-consistent, either insomnia probable or ADHD-consistent

type x either hyperactivity category (Fig. 3E) or combined
ADHD/insomnia category (Fig. 3F).

Sleep attentional bias, ADHD symptoms and sleep
quality: correlation analysis

We then examined scores as continuous scale variables, and
consistent with the above did not find statistically signifi-
cant correlations of sleep vigilance scores with ASRS total
score, ASRS inattention score, ASRS hyperactivity/impul-
sivity score or BIS score for trait impulsivity (Fig. 4 A-D).
Further, sleep vigilance scores did not associate significantly
with SCI or PSQI total scores, or with MSFsc or social jetlag
(Fig. 4 E-H).

Sleep attentional bias and alarm clock use: post-hoc
analysis

Finally, we explored the association of sleep bias scores
with self-reported alarm clock usage on work-free days.
Participants who reported using an alarm clock to wake
on work-free days showed more sleep attentional bias than
those who did not (5.98 +4.1 ms for alarm clock users vs.
-8.93 +2.98 ms, P=0.005). Reaction times to sleep, neu-
tral, positive and neutral words did not vary according to
alarm clock use (P=0.35, 0.93, 0.81, 0.73 respectively).
Alarm clock on work-free days use did not vary according
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or neither (C). D-F show the analysis of group) x word type effects
on reaction times (membership (inattentive group —D; hyperactiv-
ity group — E; combined insomnia/ADHD group — F). ** indicates
P <0.01 for between group main effect

to insomnia probability status (P=0.30, chi square test for
independence), nor did it vary according to ADHD-con-
sistency (P =0.97). Alarm clock use on work days was not
examined as 97% of participants reported using an alarm
clock for wakening on work days (Fig. 5).

Discussion

In this study we examined whether subjectively reported
ADHD symptoms associate with sleep attentional bias.
Further, we examined whether insomnia symptoms and
sleep quality associated with sleep attentional bias, as well
as examining the associations of sleep attentional bias with
chronotype, social jetlag and habitual alarm clock use. We
did not find any association between ADHD-consistency
and insomnia probability on sleep bias scores, nor did we
find an effect of combined ADHD-consistency and insomnia
probability. We did find that habitual alarm clock use was
associated with greater sleep attentional bias.

Previous research has inconsistently reported the presence
of attentional bias in insomnia disorder, although cognitive
models of insomnia include bias to sleep related stimuli as
component features (Akram et al., 2023; Harris et al., 2015).
Given that sleep problems are commonly reported in adults
with ADHD (Coogan & McGowan, 2017), we hypothesised
that ADHD features would associate with sleep attentional
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bias. We were somewhat surprised that neither ADHD
nor insomnia symptoms associated with sleep attentional
bias, as previous literature has indicated that insomnia/poor
quality sleep was associated with sleep attentional biases,
as assessed by various tasks to estimate bias (Taylor et al.,
2003; Jones et al., 2005; MacMahon et al., 2006; Ellis &
Barclay, 2013). Whilst some previous studies used reaction
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times to sleep-related words on the emotional Stroop test as
an indicator of sleep attentional bias, rather than the sleep
word interference score (eg. Ellis & Barclay, 2013), a recent
meta-analysis has recalculated those values as sleep bias
scores and report that sleep attentional biases are indeed
associated with poor sleeper status and with the presence
of insomnia disorder (Akram et al., 2023). Further, we did
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not detect any groupwise differences on reaction times for
sleep-related words according to either ADHD-consistency
or insomnia probability; as such, we do not believe that the
lack of associations detected is contingent on the measure
used (sleep bias score vs. reaction time for sleep words). It
is notable that a number of previous studies did not report
an attentional bas towards sleep-related stimuli in individu-
als with insomnia (Lancee et al., 2017; Lundh et al., 1997,
Spiegelhalder et al., 2008). One reason for discrepancy in
the literature is the nature of the task that is used to assess
this attention bias and the nature of the sleep related stimu-
lus presented to the participant, with the emotional Stroop
test reported to be less sensitive to sleep attentional bias
compared to dot-probe, flicker or Posner tasks (Harris et al.,
2015).

One further consideration is that the study of Ellis and
Barclay (2013), which used an emotional Stroop task, sam-
pled participants in the evening time (rather than the day-
time in the current study); as such, greater homeostatic sleep
pressure associated with later in the day may contribute to
the detection of sleep attentional bias. A final consideration
is that in our study, sleep quality and the probable insom-
nia status was determined by subjective measures, rather
than objective tests such as actigraphy or polysomnogra-
phy. Spiegelhalder et al. (2010) demonstrated an unexpected
positive association between attention bias and improved
markers of sleep duration and continuity measured by poly-
somnography when using a Dot probe task, although atten-
tion bias on an emotional Stroop task was not correlated with
the polysomnography parameters.

Inattention category was associated with a main effect on
reaction times that was not sensitive to word type, with those
with lower levels of inattention showing slower reaction
times to all word types. Hyperactivity category was not asso-
ciated a main effect on reaction times, and neither inatten-
tion or hyperactivity category was associated with sleep bias
scores. Shushakova et al. (2018) report that particpants with
ADHD tended towards slower reaction times in response to
emotional words; however, our results indicates that reac-
tion times are similarly slower to neutral, positive, negative
and sleep-related words in participants with low inattention.
Posner et al. (2011) showed that reaction times were slowed
by positive and negative distractor words in both healthy
controls and people with ADHD. The most straightforward
explanation of the current finding is that participants with
low inattention will be most prone to cognitive distraction of
the interfering words on the Stroop task, and as such display
slower reaction times independent of word type (hence the
lack of bias scores as reaction to neutral words are similarly
slowed as test words). As sleep problems are associated with
increased inattention (eg. McGowan et al., 2020), we suggest
that future work on assessing sleep attentional biases in poor
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sleep and in sleep disorders should incorporate indicators of
general inattention.

We did find a sleep attentional bias in participants who
habitually used alarm clocks to wake on “work™ days ver-
sus those who did not, indicating that participants whose
sleep on work days was curtailed by their social demands
were more cognitively oriented towards sleep-related stimuli
(no bias effect was detected for positive or negative words).
Interestingly, there was no relationship of social jetlag with
sleep bias, indicating that alarm clock use in this context
appears not to be a proxy for social jetlag. A recent report
has identified the Munich Chronotype Questionnaire as the
only sleep questionnaire that asks about the method of wak-
ening (Robbins et al., 2021). As such, alarm clock usage, or
other methods of wakening, may be underexplored factors
in exploring cognitive processes in sleep disorders. Clock
monitoring has been proposed as a factor that contributes to
the persistence of insomnia disorder through amplification
of pre-sleep worry (Tang et al., 2007), although it is not clear
if habitual alarm clock use may influence clock monitoring
behaviours. It is also not clear from the current data which,
if any, other wakening method participants who did not use
alarm clocks utilised to facilitate wakening on “work” days.

There are a number of important limitations in our
study. Participants’ sleep measures were based on subjec-
tive reports rather than a combination of objective and sub-
jective tools, thereby not controlling for potential personal
biases in responses and the effect of individual differences
in interpretation of inventory questions. ADHD features
were evaluated through a screener questionnaire rather than
a comprehensive diagnostic assessment, introducing the
potential for confounding effects arising from participants’
misinterpretation of item questions and for limited specific-
ity in categorisation of individuals as “ADHD consistent”.
Further, we did not explore the participant’s psychological/
mood states which might have affected their performance on
the Stroop test, nor did we assess acute sleepiness at the time
of testing. The performance of emotional Stroop tests has
been shown to be influenced by the lexical characteristics
of the stimuli used (Larsen et al., 2006); our analysis of the
stimuli used in this study indicates that whilst there were
not significant differences in lexical parameters according to
word type, exact equivalence equally could not be assumed
and this may have influenced test performance (although a
similar observation could be made of previously published
studies of sleep attentional biases). Other types of tests have
previously been used to detect sleep attentional bias, such
as dot-probe and Posner tasks (Akram et al., 2023; Harris
et al., 2015), and it is possible that the use of these para-
digms would have yielded different results. Participants
were young adult university students, and as such findings
might not generalise to other populations; we also note the
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high rate of ADHD-consistency from the ASRS scores and
probable insomnia disorder from the SCI scores in the study
population, perhaps reflecting a level of self-selection into
the study from participants with ADHD and insomnia symp-
toms. Finally, the effect of alarm clock use on sleep attention
bias was discovered during exploratory analysis, and was not
tested as an a priori hypothesis.

Conclusion

The aetiology of sleep problems commonly reported in
ADHD remains poorly understood. The examination of
cognitive factors implicated in insomnia and other sleep dis-
orders in sleep problems in ADHD will be of importance,
given the cognitive nature of the core symptoms of ADHD.
The current findings do not implicate sleep attentional bias
as part of link between ADHD and sleep, although as noted
there are doubts in the literature as to whether sleep atten-
tional biases play substantive roles in insomnia.
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