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Sleepiness Ratings

Introduction: Daytime sleepiness is a common problem. Although sleepiness is primarily
assessed at the self-report unit of analysis, factors that contribute to an individual’s experi-
ence and report of sleepiness remain poorly understood. While sleepiness is known to impact
vigilance performance, the impact of vigilance performance on sleepiness reports is less well
understood. We aimed to explore how performance on a psychomotor vigilance task (PVT)
relates to changes in self-reported sleepiness in a rested condition.

Methods: Participants were 66 adults (Mdn=23, range 18-49 years old), 47% female, 88%
white, with a wide range of insomnia symptoms. Participants rated their sleepiness on a scale
from 1 (not sleepy) to 10 (extremely sleepy) at the start (pre) and the end (post) of a 10-
minute computerized PVT. Ordinal regression determined whether mean reciprocal reaction
time, a measure of overall performance, or the log-transformed signal-to-noise ratio (LSNR),
a measure of fidelity of information processing, predicted post-sleepiness, adjusting for pre-
sleepiness, insomnia, and potential confounds.

Results: Lower LSNR predicted greater change in sleepiness (pre-to-post PVT) and higher
post-sleepiness even after adjusting for pre-sleepiness, mean reciprocal reaction time, insom-
nia, and other potential confounds (p<0.05).

Discussion: When adjusting for insomnia symptoms and potential confounds, participants
with lower fidelity of information processing reported higher sleepiness than they had
reported at the start of the PVT. Possible mechanisms and explanations are discussed in
relation to a 3-factor model of sleep-wake states. This line of research may contribute to
innovative approaches to assessing and treating sleepiness.

Keywords: psychomotor vigilance, sleepiness, insomnia, fidelity of information processing,
self-report, context

Introduction

Daytime sleepiness has been deemed “one of the greatest challenges faced by
modern society.”' Excessive daytime sleepiness affects as many as 27.8% of
individuals in the general public.' Prevalence rates are particularly high among
individuals with insomnia, in which 45.6% report experiencing daytime sleepiness.’
The social and individual costs of daytime sleepiness are great, contributing to
a heightened risk of accidents on the road, impaired work performance, poorer
mental and physical health, and higher mortality rates.®> ¢ Despite its debilitating
impact, daytime sleepiness remains a poorly understood problem, particularly in

patients with insomnia, a patient population who struggle to sleep despite feeling
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sleepy. The extent to which sleepiness contributes to the
higher rates of daytime impairments in patients with
insomnia remains unclear.” ® Regardless, many individuals
with and without insomnia are unaware of the extent of
their
consequences.'”'" A greater understanding of the factors

daytime  sleepiness and its  associated
that contribute to an individual’s awareness and reporting
of daytime sleepiness may lead to improved assessment
and innovative techniques capable of helping individuals
recognize when they are sleepy and require rest or clinical
intervention.

The most widely used method for assessing daytime
sleepiness is a single self-report item answered by either
a nominal “yes or no” response, a frequency scale, or
a severity scale.'> Self-reported sleepiness ratings are
meant to reflect individuals’ interpretations of feelings
and sensations associated with sleep drive.'® Sleep drive
includes time- and use-dependent processes that actively
promote sleep.'® Although there is a general correspon-
dence between increased sleep drive and self-reported
sleepiness, this association is not linear. Indeed, self-
reported daytime sleepiness fluctuates across the 24-
hour day and across contexts, despite an increase in
sleep drive associated with time- and use- dependent
sleep processes.'”>'7 This suggests that self-reported
sleepiness reflects more than sleep drive. In general, self-
report of many psychological constructs, such as well-
being, are influenced by cognitive and contextual
factors.'® Factors that specifically influence conscious
awareness of sleepiness may have the most direct impact
on self-reported sleepiness ratings.

Arousal is one such factor known to influence self-
reported sleepiness. Circadian rhythms, motivation, envir-
onmental stimulation, and body position, are known to
influence self-reported sleepiness.'®?® These studies sug-
gest that heightened arousal associated with these vari-
ables likely mask the influence of sleep drive rather than
reducing the actual level of sleep drive.”> One study, for
example, showed that self-reported alertness decreased
following a 22-minute neurobehavioral test battery com-
pared to pre-testing ratings when sleep pressure was heigh-
tened with sleep deprivation, but only during certain
circadian phases.'' Another study found that sleepiness
increased during partial sleep deprivation but was highest
following a 6-minute reaction time task as compared to
following relaxation or a free activity condition.”’ **
Collectively, these studies suggest that changes in arousal
may provide a context that contributes to variation in

conscious awareness of sleep drive and self-reported slee-
piness levels.

Cognitive factors may also influence self-reported slee-
piness reports. Attention to sleepiness related cues and
feedback from the environment are associated with self-
reported sleepiness.”® Intrinsic and environmental feed-
back obtained during a vigilance task could be used as
a gauge to help assess sleepiness levels, resulting in pre-
dictable changes. The Psychomotor Vigilance Task (PVT)
is widely used to demonstrate deficiencies in attention due
to sleep deprivation and heightened sleep drive.** ¢
Various metrics of the PVT have been associated with
deficiencies due to sleep deprivation such as: mean reci-
procal reaction time,”’ standard deviation of reaction time,
number of lapses and false starts,”® and log-transformed
signal-to-noise ratio (LSNR).*® Although the PVT is
widely used to assess the impact of increased sleep drive
on PVT performance, few studies have used the PVT to
explore whether vigilance performance predicts changes in
self-reported sleepiness.*> One study found that changes in
mean reaction time across a 10-min PVT were strongly
correlated with changes in self-reported sleepiness taken
concurrently every two minutes.”” Importantly, Horne and
colleagues found no correlation between self-reported
sleepiness at the start of the task and PVT performance
during the task, suggesting that the association between
PVT performance and self-reported sleepiness is direc-
tional. Van Dongen and colleagues®® demonstrated that
PVT performance progressively degraded in a condition
of chronic sleep restriction while self-reported sleepiness
plateaued, suggesting that PVT performance may be
a more sensitive marker of sleepiness than self-reported
sleepiness. However, the disassociation between PVT per-
formance and self-reported sleepiness was not observed in
a total sleep deprivation condition. Thus, further research
into the factors underlying self-reported sleepiness may
elucidate why this dissociation between behavioral perfor-
mance and self-reported sleepiness occurred. In general,
further research into the associations between individual
differences in PVT performance, across different PVT
metrics,
needed.”

Many studies have failed to detect higher sleepiness in

and changes in self-reported sleepiness is

patients with insomnia at behavioral and self-report units
of measurement.>**! For example, multiple studies have
failed to find increased sleepiness on the multiple sleep
latency test, a behavioral measure of sleepiness, in patients
with insomnia.*>>* Nevertheless, insomnia inherently
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involves a sense of unmet sleep need and there is mount-
ing evidence that time- and use-dependent sleep mechan-
with

symptoms.>>*® Some have proposed that heightened slee-

isms are intact in individuals insomnia
piness in individuals with insomnia does not always man-
ifest in laboratory measurement due to masking or
compensatory mechanisms.>’ Supporting a masking
hypothesis, patients with insomnia reported greater levels
of sleepiness than healthy controls during a constant rou-
tine that attempted to mitigate the occurrence of arousal-
related masking effects of circadian rhythms, posture, and
meals.*® Daytime performance may influence self-reported
sleepiness differently in individuals with insomnia than
good sleepers. During performance testing individuals
with insomnia report greater sleepiness than good sleepers
throughout the day.>® One study, found that while both
individuals with and without insomnia experienced
a decrease in self-reported alertness following a 50-
minute simulated monotonous driving task, there was
a trend for individuals with insomnia to report a greater
decrease in alertness.'' No prior study has investigated
whether insomnia influences how performance on vigi-
lance tasks relates to changes in self-reported sleepiness
pre- to post-task. Such an investigation may help elucidate
how individuals with insomnia determine their sleepiness.

This study aimed to explore whether individual differ-
ences in performance on a Psychomotor Vigilance Task
(PVT) are associated with the direction and magnitude of
changes in self-reported sleepiness ratings. In 66 indivi-
duals stratified across the insomnia severity symptoms
spectrum, we assessed self-reported sleepiness at the start
of a standard computerized PVT and at the end while
participants were in a rested condition. We explored the
associations of pre-PVT sleepiness, post-PVT sleepiness,
and changes in self-reported sleepiness pre- to post-PVT
performance with several participant-level factors (ie, age,
sex, depression, anxiety, sleep history, and insomnia symp-
tom severity), and several PVT metrics. Establishing how
vigilance performance relates to self-reported sleepiness
builds on prior research and can expand understanding
on the factors that influence the experience and reporting
of daytime sleepiness.

Methods

Overview of Protocols
This study was a secondary analysis of data collected
through two protocols conducted at Brigham Young

University (BYU). The primary aim of these protocols
was to investigate how insomnia symptoms relate to trans-
diagnostic features of psychiatric disorders. Procedures
relevant to the present investigation were identical in
both protocols, except for the target sample. Both included
a telephone or online survey to screen individuals for
exclusionary criteria (listed below). Participants attended
an intake assessment to determine inclusion/exclusion cri-
teria. The intake assessment involved a structured clinical
interview for the Diagnostic and Statistical Manual of
Mental Disorders, 5th edition,40 neurocognitive screening,
and several questionnaires of sleep, mood, and health
history. The Montreal Cognitive Assessment (MoCA)*!
was administered to assess for cognitive impairment, and
the Edinburgh Handedness Inventory (EHI)** was admi-
nistered to assess handedness. The Structured Clinical
Interview for DSM-5 Sleep Disorders was also adminis-
tered to screen for sleep disorders other than insomnia and
to diagnose insomnia disorder when applicable. Following
the intake assessment, participants completed 10-21 con-
secutive nights of sleep diaries concurrent with actigraphy
that concluded with an overnight ambulatory polysomno-
graphic (PSQG) sleep study during participants’ habitual
sleep time. The following morning, participants completed
magnetic resonance imaging (MRI) scans and a battery of
neurocognitive tests including a computerized PVT. The
variables relevant to the present analyses are described in
greater detail below.

Participants
Participants (N = 66) were recruited from BYU and the
surrounding community through flyers and online adver-
tisements. In one of the protocols (n = 37), participants
were recruited across tertials of insomnia severity using
standard Insomnia Severity Index (ISI) cutoff scores: 0—7
no insomnia, 8—14 subclinical insomnia, and 15-21 severe
insomnia.** The other protocol (n = 29) recruited two
groups of participants: good sleepers (ISI <7) and patients
with clinical insomnia according to DSM-5 criteria. The
combined sample represented a wide range of insomnia
symptom severity. All participants gave written informed
consent and were compensated for their participation.
Protocols were approved by the Institutional Review
Board at BYU (IRB# F16497 & F16377) and conducted
in accordance with the Declaration of Helsinki.
Exclusion criteria for both protocols were: (1) history
of severe psychiatric illness, (2) active suicidality in the
past three months based on the Columbia-Suicide
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Severity Rating Scale (score > 3),** (3) current preg-
nancy, based on self-report and confirmed with a urine
pregnancy test, (4) self-reported learning disabilities, (5)
cognitive impairment (MoCA <26), (6) ferromagnetic
material in the body, (7) fear of closed spaces, (8) con-
sumption of >12 alcohol drinks per week or binge drink-
ing (greater than or equal to four drinks for women or five
drinks for men in a single sitting) in the past month or
inability to abstain from alcohol for 24 hours before the
MRI scan, (9) recreational drug use in the past month,
(10) clinically significant symptoms or current diagnosis
of sleep disorders other than insomnia, and (11) left-
handedness (EHI < 0). Individuals on a single serotonin
reuptake inhibitor or sleep aid were permitted to partici-
pate, given they were at a stable dose for at least 3
months. None of the participants included in this analysis
reported being on antidepressants or hypnotics during the
study.

Table 1 shows the demographic breakdown of the total
sample along with descriptive statistics for mood vari-
ables, self-reported chronotype, sleep variables from
sleep diaries, actigraphy, and PSG, and PVT metrics. In
brief, participants were predominantly young adults (Mdn
= 23, range 18-49 years old), right-handed (M EHI = 43),
47% female, and 88% white. All participants obtained at
least a high school degree, with 98% having completed at
least some college. In the total sample, 30 individuals had
an ISI score in the minimal insomnia symptom range (ISI
= 0-7), 20 individuals were in the subclinical insomnia
symptom range (ISI = 8-14), and 16 individuals were in
the moderate insomnia range (ISI = 15-21).

Measures of Interest

As part of the protocol, participants completed various
questionnaires relating to sleep and mood. The question-
naires pertinent to these analyses include the ISI, Patient
Health Questionnaire-9 (PHQ-9), the State-Trait Anxiety
Inventory (STAI), and the
Morningness. The ISI is a widely used, well-validated

Composite Scale of
seven-item measure of insomnia symptoms.*> The PHQ-
9 is a well-validated 9-item questionnaire that assesses an
individual’s depressive symptoms.*® The STAI is a 40-
item questionnaire that assesses both state and trait
anxiety.’ For these analyses state anxiety was used. The
Composite Scale of Morningness is a well-validated 13-
item measure of chronotype that ranges from 13 to 55
where scores below 22 indicate evening type, scores

Table | Demographics and Characteristics of Total Sample
(N = 66)

Characteristics Measure of Central

Tendency

Demographic variables

Age, years 23[21,25]

Gender, female 31(47%)

Race, white 58(88%)

Education, some college 65(98%)
Psychological variables

Patient Health Questionnaire-9 3[1,5]

State-Trait Anxiety Inventory state 32[25,37]

score

Insomnia Severity Index 7[3,13]

Composite Scale of Morningness 37.5(0.8)

chronotype score

Sleep diary variables

Average total sleep time 428[391,458]

Average sleep efficiency 92[87,95]
Average sleep onset latency I15[11,23]
Average wake after sleep onset 7[3,11]
Actigraphy variables
Average total sleep time 464.8(49.3)
Average sleep efficiency 96[92,97]
Average sleep onset latency 11[8,19]
Average wake after sleep onset 4[2,13]
Polysomnography variables
Total sleep time 365.5(9.4)
Sleep onset latency 44[21,100]
Wake after sleep onset 19[10,34]
Sleep efficiency 83[72,90]
Periodic limb movements with arousal 170.6,2]
Apnea-Hypopnea index 170.6,2]
PVT metrics
Mean reaction time 270.5(26.6)
Mean reciprocal reaction time 3.9(0.04)
Standard deviation of reaction time 49[38,59]
Number of lapses 0[o,1]
Log transformed signal-to-noise ratio 16(0.2)
Pre-PVT sleepiness score 42,7]
Post-PVT sleepiness score 4[3,6]

Notes: M (SD), Mdn[IQR], n (%).
Abbreviation: PVT, psychomotor vigilance task.

above 44 indicate morning type, and scores in between
indicate an intermediate type.*®

As part of a broader neurocognitive assessment, parti-
cipants completed the PC-PVT Version 1, a computerized
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psychomotor vigilance task that is comparable in perfor-
mance to the PVT-192.*° Neurocognitive testing typically
occurred at 10:00 AM [Interquartile Range = 9:42 AM —
10:30 AM] the morning after the overnight ambulatory
PSG sleep study. The median time between waking up
and taking the PVT was 200 minutes [Interquartile
Range = 175-248 minutes]. No pre-study sleep criteria
or modifications to sleep schedules were required of parti-
cipants. Participants were instructed not to use caffeine
and alcohol for the 12 hours before their testing and
MRI scans. On the day of testing, participants arrived at
the BYU MRI Research Facility and completed a urine
drug screen, MRI scans, and memory tests before complet-
ing the PC-PVT. All participants completed the PC-PVT in
the same testing environment that included a well-lit,
quiet, and private room. Participants were seated at
a desk in a soft chair with a back. The PVT was adminis-
tered by study staff who were seated next to the partici-
pant. Participants were given standard instructions and
were told that the task was a simple reaction time test.
Participants were instructed to watch a computer screen
and click a high-performance gaming mouse as quickly as
possible with their right index finger each time the visual
stimuli (a millisecond counter) appeared on the screen.
They were instructed to avoid responding too early, as
this would result in a false start. They were also informed
that responding too slowly would be considered an error.
To help the participant orient themselves to the task,
participants completed a brief practice trial. Following
the practice, participants were informed that the task
would go on for a while, but were not told the duration,
and were encouraged to do their best. The participants
were instructed that the task would begin immediately
once they clicked the mouse. The administrator remained
in the room and observed the participant as neutral, unob-
trusive, and still as possible during the task. The PC-PVT
lasted for 10-minutes and used the standardized parameter
of random interstimulus intervals between 2 and 10 sec-
onds. After the participants clicked on the mouse to
respond to the visual stimuli, their reaction time stayed
on the screen for 500 ms, thus providing brief feedback.
There are numerous metrics used to quantify PVT
performance in the field including: mean reaction time,
mean reciprocal reaction time, standard deviation of reac-
tion time, number of lapses (reaction times greater than
500 ms), and, log signal-to-noise ratio (LSNR), among
others. These metrics have been shown to be sensitive to
sleepiness, including experimental increases in sleepiness

during sleep deprivation protocols, and capture distinct
aspects of performance.?* 29373051

The mean of the reciprocal reaction times (mean 1/RT
* 1000) was calculated as a measure of overall perfor-
mance, excluding false starts (reaction times <150ms), for
each participant due to its robust statistical nature.”’ The
LSNR was calculated for each participant, excluding false
starts.”® Specifically, LSNR is interpreted as a measure of
fidelity of cognitive information processing as it measures
participants’ encoding of information and speed in
responding appropriately.*®*’ LSNR is sensitive to the
degradation of performance due to sleep deprivation, and
includes significant statistical advantages such as a lack of
floor and ceiling effects, and a high degree of statistical
normality.”® Standard deviation of reaction time, mean
reaction time, and number of lapses were also calculated
excluding false starts. These metrics were chosen due to
their statistical advantages, ability to capture distinct
aspects of PVT performance, wide use in the field, and
sensitivity to increased sleep drive.

As part of the PVT, participants rated their sleepiness in
the program on a standard scale from 1 (not sleepy) to 10
(extremely sleepy), at the start and end of the PVT (pre-PVT
and post-PVT, respectively). The administrator provided ver-
bal instructions for each sleepiness rating; participants were
simply told to click the scale to indicate their current level of
sleepiness. Due to the secondary nature of the study, we were
unable to use a comprehensive and validated measure of self-
reported sleepiness (eg, Karolinska Sleepiness Scale) before
and after the PVT. However, the sleepiness measure used in
this study has strong face validity and had high test-retest
reliability pre- to post-PVT sleepiness (1, = 0.85).

Analyses

Analyses were conducted in IBM SPSS 26. We assessed
all variables for assumptions of normality using the
Shapiro—Wilk test and visual inspection of histogram
plots. Central tendency and variance for normally distrib-
uted variables were reported using the mean and standard
deviation. Non-normally distributed variables were
reported using the median and interquartile range. The

mode and percentage were used for categorical variables.

Main Analyses

To test whether performance on the PVT was associated
with post-PVT, we
a multivariate ordinal regression with both mean reciprocal

increased sleepiness conducted

reaction time and LSNR as predictors of post-PVT
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sleepiness ratings while adjusting for pre-PVT sleepiness
ratings. Because pre-PVT sleepiness ratings were accounted
for, the variance leftover represented the change in sleepi-
ness from pre- to post-assessments of sleepiness. As insom-
nia severity was an inclusion criterion built into the design
of both protocols, we also included ISI total score in the
model to test whether insomnia severity accounted for
changes in self-reported sleepiness. Thus, the main ordinal
regression analysis included LSNR, mean reciprocal reac-
tion time, pre-PVT sleepiness, and insomnia severity as
predictors of post-PVT sleepiness. Following this main
analysis, we conducted a sensitivity multivariate ordinal
regression analysis to account for potential confounds in
the aforementioned main analysis including demographics
(age and sex), protocol (F16497 vs F16377), depression,
anxiety, and the amount of time between final awakening
from the overnight PSG study and performing the PVT.
A retrospective power analysis was conducted to determine
sensitivity of our study.

Exploratory Analyses

Because sex was found to be a significant predictor of
post-PVT sleepiness in the sensitivity analysis, we con-
ducted follow-up Mann—Whitney U-tests and Student’s
t-tests to explore significant differences in pre- and post-
PVT sleepiness ratings, changes in sleepiness ratings, and
PVT performance (ie, mean reciprocal reaction time and
LSNR) between men and women.

To explore whether insomnia moderated the association
between PVT performance and changes in self-reported
sleepiness, we investigated whether ISI total score interacted
with either PVT mean reciprocal reaction time or LSNR in
predicting changes in sleepiness reports by including an
interaction term in a follow-up analysis to the main regres-
sion model. In two separate follow-up analyses, we also
explored whether sleep history influenced changes in sleepi-
ness rating by including an interaction term for PSG total
sleep time (TST) or average diary TST with mean reciprocal

time or LSNR to the main regression model described
above.

To further explore associations between our variables,
we used Spearman's correlation coefficient on the following:
pre- and post-sleepiness ratings, pre- to post-PVT change in
sleepiness ratings, and LSNR with depression severity, anxi-
ety, insomnia severity, self-reported chronotype, TST, sleep
onset latency, wake after sleep onset, and sleep efficiency
from the average sleep diary data and also from PSG data
from the previous night, and numerous PVT metrics (mean
reaction time, standard deviation of reaction time, number of
lapses, mean reciprocal reaction time, and LSNR).

We also conducted simple regression analyses to show
the amount of variance in LSNR explained by pre-PVT
sleepiness, the amount of variance in post-PVT sleepiness
explained by LSNR, and the amount of variance in pre-
and post-PVT sleepiness explained by insomnia severity.

Results

Table 2 shows the results of the main analysis. In the ordinal
regression model, LSNR was a significant predictor of post-
PVT sleepiness ratings when accounting for pre-PVT sleepi-
ness, mean reciprocal reaction time, and insomnia severity.
To help interpret the association between LSNR and pre- to
post-sleepiness changes, we created a scatter plot of these
variables in Figure 1. The plot revealed that as LSNR
increased there was a greater reduction in sleepiness ratings
and as LSNR decreased there was a greater increase in
sleepiness ratings. The negative correlation represented in
the plot was significant (r, = —0.370, p < 0.01). Mean reci-
procal reaction time on the PVT and insomnia severity were
not significant predictors of post-PVT sleepiness ratings in
any model. Multicollinearity was not a problem in this
regression analysis as LSNR and mean reciprocal reaction
time were correlated at a 0.266 level (Table 3). LSNR
remained a significant predictor of change in sleepiness rat-
ings in the sensitivity analysis that included demographic
variables, protocol, depression severity, state anxiety, and

Table 2 Ordinal Regression Model Predicting Post-PVT Sleepiness Scores

B SE (B) Wald Odds Ratio 95% Confidence Interval
Pre-PVT sleepiness score 1.43 0.21 48.82%** 4.203 1.03 1.84
Insomnia Severity Index total score 0.00 041 0.00 1.000 —0.80 0.80
Mean reciprocal reaction time —-0.78 0.67 1.35 0.459 -2.09 0.53
Log-transformed signal to noise ratio —0.45 0.15 8.85%* 0.639 —0.74 —0.15

Notes: *p<0.01 *p<0.001.

Abbreviation: PVT, psychomotor vigilance task.
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Figure | This figure depicts the scatter plot between the LSNR and pre-to-post
changes in sleepiness. The correlation between LSNR and pre-to-post changes in

sleepiness was significant (r; = —0.370, p < 0.01). Participants who had lower
fidelity of information processing during the PVT reported greater sleepiness
after completing the PVT than they had immediately before doing the PVT,
whereas participants who had higher fidelity of information processing reported
less sleepiness after the PVT, in individuals with and without insomnia symptoms.
Removing the participant who appeared to have an extreme change in sleepiness
ratings in the negative direction did not alter the pattern of results or significance
level.

amount of time from final awakening from the overnight
PSG until performing the PVT. Of these potential confounds,
sex was the only significant predictor of pre- to post-PVT
change in sleepiness (p = 0.031). To further explain this
association, men and women did not have significantly dif-
ferent levels of pre-PVT self-reported sleepiness ratings (Z =
—1.37, p = 0.171) nor did they have significantly different
levels in the amount of change in sleepiness ratings pre-to-
post (Z =—1.64, p = 0.101). However, men and women did
have significantly different levels of post-PVT sleepiness
ratings, such that women reported higher levels of sleepiness
than men (Z = —2.20, p = 0.028). It should also be noted that
women had significantly lower mean reciprocal reaction time
than men (¢ =—2.53, p = 0.014) but there were no significant
differences in LSNR (¢ = —0.50, p = 0.621). The obtained
bivariate ordinal logistic regression coefficient for LSNR of
—0.405, yielding an odds ratio of 0.667, was used as the effect
size for a retrospective power analysis of the association
between the variables. Estimated power using
a significance level of 0.05 for selected sample sizes ranging
from 50 to 100 was obtained using Monte Carlo simulation
with Mplus 8.5. With over 60 participants, estimated power
exceeds 0.80. Thus, the sample size of this study was ade-

quate to determine medium to large effect sizes.

In follow-up regression analyses, we found no evi-
dence that insomnia, average diary TST, or PSG TST
from the previous night were related to changes in sleepi-
ness as they were not significant predictors themselves,
nor did they moderate the association between PVT per-
formance and change in sleepiness pre- to post-PVT.

Table 3 shows the results of exploratory correlation
analyses. These analyses indicated that pre-PVT sleepi-
ness ratings were significantly correlated with PHQ-9
depression symptom inventory scores, STAl-state anxiety
score, insomnia severity, number of lapses, average sleep
onset latency from sleep diaries, PSG TST, and PSG sleep
efficiency. Post-PVT sleepiness ratings were significantly
correlated with PHQ-9 depression symptom inventory
scores, STAl-state anxiety scores, insomnia severity,
mean reaction time, variability in reaction time, mean
reciprocal reaction time, number of lapses, LSNR, and
PSG sleep efficiency. LSNR was strongly correlated
with variability in reaction time (r, = —0.910, p < 0.01)
and significantly correlated with state anxiety, mean reac-
tion time, number of lapses, mean reciprocal reaction
time, post-PVT sleepiness, and change in sleepiness.

Using simple linear regression, we found that 3% of
the variance in LSNR was explained by pre-PVT sleepi-
ness (p = 0.161). The LSNR, in contrast, explained 14.5%
of the variance in post-PVT sleepiness reports (p = 0.002).
The amount of variance in pre- and post-PVT sleepiness
explained by insomnia severity was 19% (p < 0.001) and
18% (p < 0.001), respectively.

Discussion

We explored whether poor performance on a psychomotor
vigilance task that is sensitive to sleepiness was associated
with increased self-reported sleepiness in a rested condi-
tion. We found that lower fidelity of information proces-
sing on the PVT, but not the overall reaction time
performance, was a significant predictor of increased self-
reported sleepiness, regardless of insomnia symptom
severity or sleep history of TST. Because pre-PVT sleepi-
ness ratings were accounted for in the analysis, post-PVT
sleepiness ratings represent the relative change in sleepi-
ness ratings predicted by lower fidelity of information
processing. The finding that 14.5% of the variance in post-
PVT sleepiness could be explained by the fidelity of infor-
mation processing was on par with the predictive power of
insomnia severity, a well-known predictor of sleepiness
reports. This study adds further clarity to prior studies
that found changes in self-reported sleepiness following
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Table 3 Correlations of Pre-PVT Sleepiness Score, Post-PVT Sleepiness Score, Changes in Sleepiness Score from Pre-to-Post PVT,

Log-Transformed Signal-to-Noise Ratio with Person-Level Factors and PVT Performance Metrics

Characteristics Pre-PVT Post-PVT Pre-Post PVT Change | Log-Transformed Signal-
Sleepiness Sleepiness Score in Sleepiness to-Noise Ratio
Score
Demographic variables
Age rs 0.096 0.015 —0.106 0.290%*
N 66 66 66 66
Sex rs -0.170 —0.272* —0.203 0.066
N 66 66 66 66
Education r 0.077 —0.002 —0.073 0.106
N 66 66 66 66
Psychological variables
Patient Health Questionnaire-9 re 0.343%* 0.3827%* -0.017 -0.134
total score N 65 65 65 65
State-Trait Anxiety Inventory r 0.463** 0.467** -0.090 —0.287*
state score N 0 0 2 0
Insomnia Severity Index score r 0.450%* 0.433%* —0.08I —0.191
N 66 66 66 66
Composite Scale of Morningness | r 0.062 0.056 0.085 —0.101
chronotype score N 66 66 66 66
Sleep diary variables
Average total sleep time rg —0.068 —0.071 0.063 —0.006
N 66 66 66 66
Average sleep efficiency rs —0.130 —0.128 0.039 —0.062
N 66 66 66 66
Average sleep onset latency re 0.242* 0.231 —-0.109 —0.042
N 66 66 66 66
Average wake after sleep onset | rg —0.026 —0.070 —0.108 0.146
N 66 66 66 66
Polysomnography variables
Total sleep time rs —0.280* —0.169 0.203 0.040
N 62 62 62 62
Sleep efficiency [ —0.272* —0.261* 0.027 0.091
N 62 62 62 62
(Continued)
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Table 3 (Continued).

Characteristics Pre-PVT Post-PVT Pre-Post PVT Change | Log-Transformed Signal-
Sleepiness Sleepiness Score in Sleepiness to-Noise Ratio
Score
Sleep onset latency r 0.151 0.210 0.058 —0.152
N 62 62 62 62
Wake after sleep onset rs —0.004 —0.031 —0.029 0.073
N 62 62 62 62
PVT metrics
Mean reaction time re 0.131 0.310%* 0.237 —0.364**
N 66 66 66 66
Standard deviation of reaction re 0217 0.407%* 0.376%* —0.906%**
time
N 66 66 66 66
Number of lapses r 0.322%* 0.435%* 0.226 —0.546**
N 66 66 66 66
Mean reciprocal reaction time [ —0.115 —0.275% —0.201 0.266*
N 66 66 66 66
Log-transformed signal-to-noise | rg -0.177 —0.350** —0.370%* -
ratio N 66 66 66 -

Notes: *p<0.05 **p<0.01.

Abbreviations: r; Spearman correlation coefficient; PVT, psychomotor vigilance task.

a vigilance task.?'® Specifically, we demonstrated that the
level of fidelity of information processing during the task,
in particular, was associated with the direction in which
sleepiness ratings changed following the task.

There are several potential explanations for the asso-
ciation between PVT performance and changes in sleepi-
ness reports. First, lower fidelity of information processing
may have served as a cue on which participants gauged
their sleepiness. Lower fidelity of information processing
represents a slowness in processing information and
responding appropriately.?®
through the PVT,

a slowness in processing the stimuli which, in turn,

As participants progressed

they might have experienced
might have helped the participants become more con-
sciously aware of their sleepiness or to interpret their
sluggishness as sleepiness. Likewise, higher fidelity of
information processing may have prompted participants
to interpret their state as being less sleepy. Second, feed-
back from the PVT presented on the computer screen may
have

influenced participants self-reported sleepiness.

Lower fidelity of information processing was highly cor-
related with variable performance on the PVT. Participants
were shown their reaction time after each trial, and they
could have noticed that their reaction times were more or
less variable. Participants may have changed their sleepi-
ness reports to match this feedback. While individuals are
likely to notice and interpret fluctuations in reaction times
around their individual norms, participants who consis-
tently respond within a limited range would have a much
more limited frame of reference to interpret whether that
consistent reaction time was fast or slow. However, it is
possible that we were not sufficiently powered to detect
a smaller effect size relationship between mean perfor-
mance and changes in sleepiness ratings. Because this
study lacked different feedback conditions, we cannot
determine whether feedback on the PVT was a factor in
the changes in self-reported sleepiness. A prior study that
compared reciprocal response time between feedback and
no feedback conditions found that feedback resulted in

better performance only when they used the standard
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interstimulus intervals of 2—10 seconds,’” suggesting that
feedback
Furthermore, another study found that participants’ self-

is associated with level of performance.
reported ratings of alertness and their self-reported ratings
of performance were highly correlated, suggesting that
individuals may associate their self-monitoring of perfor-
mance with their level of alertness.® That study also
showed that the association between self-reported alertness
and self-monitoring of performance was strongest when
individuals performed a task that provided feedback.
Future studies that include differences in feedback condi-
tions are needed to explore the association between feed-
back and self-reported sleepiness and whether the internal
experience of poorer fidelity of information processing or
whether the environmental feedback of poorer perfor-
mance contributes to changes in sleepiness reports.
Studies that assess participants’ perception of their perfor-
mance could also shed further light on these possible
explanations. These possibilities have the advantage of
explaining both the increase and the decrease in sleepiness
in relation to individual differences in performance on
the PVT.

The third and fourth explanations for these findings
are, respectively, that latent sleepiness became unmasked
or sleep drive increased over the course of the PVT. Both
of these explanations would suggest that individual differ-
ences in sleep drive manifested as both lower fidelity of
information processing and a greater increase in sleepiness
ratings. Regarding the third possible explanation, partici-
pants may have had a stronger sleep drive than they were
aware or reported prior to the PVT due to various masking
factors, such as lighting and position.”? Because the PVT
was performed in the morning, a time of general alertness,
performing the PVT may have unmasked latent sleepiness.
Regarding the fourth explanation, performing the PVT
may have increased use-dependent sleep processes,
thereby contributing to lower fidelity of information pro-
cessing and a greater increase in self-reported sleepiness.
Whether a 10-minute PVT can induce a
increase in use-dependent sleep drive is unknown, but

substantive

our findings suggest that if it does, the task itself may

not act on all individuals’ sleep drive the same.
Additional work is required to determine whether there
are individual differences in how the PVT influences local
use-dependent sleep drive. Regardless, these explanations
fail to account for the individuals with higher fidelity of
information processing who reported feeling less sleepy

after the PVT than they had before the PVT.

In this discussion we have proposed 4 possible expla-
nations for the present findings. These possibilities can be
further conceptually explored within the framework of
a 3-factor model of sleep-wake states.”> This model pro-
poses that conscious awareness, sleep drive, and arousal
determine an individual’s global state. In this model, day-
time sleepiness can result from various combinations of
these three factors. In terms of conscious awareness, no
prior study, to our knowledge, has investigated how levels
of conscious awareness relate to self-reported sleepiness.
Fidelity of information processing may be a tenable mar-
ker of an individual’s level of conscious awareness during
the PVT. One possibility of our findings is that individual
differences in conscious awareness during the PVT influ-
enced sleepiness reports. This may explain why fidelity of
information processing, but not mean level performance,
was related to change in self-reported sleepiness. In terms
of sleep drive, biological sleep processes undoubtedly
influence self-reported sleepiness. However, the sleep
drive factor does not seem to be as strong of an explana-
tion of the current findings. We did not find any influence
of sleep duration during the prior night, average sleep
duration during the prior weeks, or insomnia severity (all
variables known to be associated with sleepiness) on how
PVT performance related to changes in sleepiness.
Moreover, individual differences in sleep drive is not
a clear explanation for why individuals with higher fidelity
of information processing had a reduction in self-reported
sleepiness. In terms of arousal, there is substantial evi-
dence that levels of arousal influence self-reported sleepi-
ness, both as a factor that can mask sleepiness when
increased and unmask sleepiness when decreased.?
However, this study was not specifically designed to assess
conscious awareness, sleep drive, or arousal, in regard to
their impact on this association.

Daytime sleepiness is a common complaint and pro-
blem for patients with insomnia.” Insomnia symptom
severity was associated with higher self-reported sleepi-
ness before and after the PVT. This finding is consistent
with prior studies that also found that insomnia was asso-
ciated with higher sleepiness ratings during the course of
neurocognitive testing.** Some models posit that patients
with insomnia have an attentional bias toward sleep-
related information and are hyper-aroused, which might
influence the association between PVT performance and
sleepiness ratings.?*>®” In this study, we failed to find an
association between insomnia symptom severity and
changes in self-reported sleepiness following the PVT. It

6 6 8 https:

Dove!

Nature and Science of Sleep 2021:13


https://www.dovepress.com
https://www.dovepress.com

Dove

Nielson et al

should be noted that the vigilance test used in this study
was brief (10 minutes). One possibility is that participants
with insomnia symptoms may have been able to compen-
sate for this amount of time. A follow-up study in a larger
sample of individuals with insomnia and which uses
a longer vigilance task, or a sleep deprivation protocol, is
needed to determine whether differences in the association
between performance and changes in sleepiness is related
to insomnia.

In this study, we found that sex was a significant pre-
dictor of pre-to-post changes in sleepiness when accounting
for potential confounds such as age, protocol, mood vari-
ables, among others. This association showed that females
reported higher self-reported sleepiness ratings after the
PVT than males, regardless of the level of performance.
Additionally, we found that both pre- and post-PVT sleepi-
ness ratings were significantly correlated with measures of
depression, anxiety, insomnia severity, and level of perfor-
mance during the PVT, consistent with findings currently in
the literature.*”® Sleep diary SOL and PSG TST and SE
were also associated with sleepiness reports in expected
directions. Interestingly, pre-PVT sleepiness ratings were
significantly correlated with these sleep history variables
while post-PVT sleepiness ratings was less robust. These
findings might suggest that post-PVT sleepiness is more
strongly associated with the proximal level of performance
on the PVT than the prior night’s sleep features. Future
studies are needed to further examine these potential asso-
ciations and their underlying mechanisms.

As a secondary analysis, this study has several limita-
tions. We are unable to provide causal inference or to
differentiate between the possible explanations outlined
above. The directional effects of our results suggest that
the overall pre- to post-PVT changes in this single item
self-reported sleepiness scale are meaningful and not sim-
ply due to an unreliable measure. Indeed, the test-retest
reliability of this measure was good. Furthermore, nearly
50% of participants changed their sleepiness rating. The
direction of the change was interpretable and corresponded
to their level of performance on the PVT. Those who
performed better reported decreased sleepiness levels and
those who performed more poorly reported increased slee-
piness levels. Most participants who changed their sleepi-
ness rating deviated by 1-3 points pre- to post-PVT. In the
context of the 1-10 sleepiness scale, these changes repre-
sent a 10-30% change in an individual’s report of their
sleepiness, with only a 10-minute gap separating their
sleepiness ratings. The use of a single-item sleepiness

measure introduced the possibility of an operational con-
found. Specifically, many people may confabulate their
feelings of fatigue with sleepiness. Indeed, previous stu-
dies suggest that self-reported sleepiness covaries with
fatigue.'® Therefore, differences in PVT performance
could result in changes in feelings of fatigue during the
task, which could have then been reported as changes in
self-reported sleepiness. While this might explain those
individuals who reported greater sleepiness after the
PVT, this explanation cannot explain those who had higher
levels of fidelity of information processing in their PVT
performance and subsequently reported lower sleepiness.
Another consideration is that this study used a single test
bout that was administered in the morning, a period of
generally low sleep pressure and high circadian alertness.
The generalizability of these findings requires follow-up
studies to determine whether performance is related to

sleepiness in other time points and populations.

In conclusion, this is the first study to show that level
of performance on a vigilance task are associated with
changes in self-reported sleepiness in a rested condition.
We found that individuals who had lower fidelity of infor-
mation processing reported greater levels of sleepiness
than they had at the start of the PVT, 10 minutes earlier.
Establishing how the level of performance relates to
changes in self-reported sleepiness may innovate assess-
ment techniques and interventions that help people to
recognize and report their sleepiness. Follow-up research
is needed to further investigate how individual differences
in fidelity of information processing relates to self-
reported sleepiness. Future studies would also benefit
from conducting multiple test administrations throughout
the day to determine if these results extend across the day
and during varying levels of sleepiness. A validated model
that explains these results could have far-reaching benefits
for society. For example, if fidelity of information proces-
sing influences awareness of latent sleepiness, tasks that
challenge an individual’s fidelity of information processing
may help in professions where such feedback is not pro-
vided as part of the routine job. For example, long-haul
drives who sometimes struggle to know when it is time to
pull over for rest might more readily recognize their slee-
piness if given such a performance test. Performance mar-
kers of sleepiness may also help patients with insomnia
who sometimes struggle to know when they are sleepy
enough to get in bed to attempt sleep.
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