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Abstract

Objective/background: Few adolescents report obtaining adequate amounts of sleep.
Correlational studies have linked adolescent short sleep with driving crashes and sluggish
cognitive tempo (SCT), a cluster of symptoms that include sluggishness and low persistence which
are related to but distinct from inattention and sleepiness. The relationship between SCT and
driving is understudied and no study has experimentally examined the relation between SCT and
sleep. We examined the relationship between SCT and driving problems in a sample of chronically
short-sleeping adolescents. We also examined whether experimentally extending sleep improved
SCT and driving behaviors.

Participants/Methods: Licensed 16-18-year-olds who regularly obtain 5-7 hours of sleep
completed a 5-week at-home experimental protocol: a baseline week to determine typical sleep
(TYP), followed in counterbalanced order by 2-week spans in which school-night bedtimes and
rise times were (a) matched to TYP, or (b) modified to extend (EXT) time in bed by 1.5 hours/
night. Sleep was monitored via actigraphy. Self- and parent-reported SCT and inattention, as well
as self-report of driving problems, were obtained at baseline and following each condition. Of the
38 eligible participants who completed the baseline session, 24 completed all 5 weeks.

Results: After controlling for inattention, only parent-reported SCT was significantly positively
associated with self-report of purposeful driving violations at baseline. Adolescents reported less
SCT during EXT than TYP. Also after controlling for inattention, participants who reported
improvement in SCT demonstrated fewer driving problems during EXT than during TYP.

Conclusions: Preliminary findings suggest that extending sleep in short-sleeping adolescents
may help alleviate SCT symptoms and improve driving.
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Introduction

It is recommended that adolescents obtain 8-10 hours of sleep each night [1], though it is
widely recognized that a large number of adolescents regularly fall short of this
recommendation [2,3,4]. Moreover, shortened sleep duration in adolescence has been linked
to a range of adverse outcomes [5]. One particularly concerning negative outcome associated
with adolescent sleep deprivation is diminished driving ability [6]. Automobile crashes are a
leading cause of adolescent deaths, and driving crashes occur often in short-sleeping
adolescents [7,8]. This may be partially due to inattention resulting from sleep deprivation.
In one study, adolescents whose attention worsened following experimental sleep restriction
also showed less consistency in lateral vehicle control during driving simulation [9].

Sluggish cognitive tempo (SCT), characterized by symptoms such as daydreaming, slowed
behavior/thinking, and confusion, may also play a role in the impact of sleep on driving. The
study of SCT and its relation to attention-deficit/hyperactivity disorder (ADHD) has spanned
over three decades, and it is established that SCT is associated with, but independent from,
ADHD [10]. A recent meta-analysis on SCT concluded that there is “strong support for the
internal validity of SCT” [10]. Further, while SCT correlates with sleep pathology and
daytime sleepiness, it is distinct from both [10,11]. Studies examining whether SCT is
associated with impairment beyond inattention are sorely needed [10]. Since driving
demands SCT-relevant skills beyond basic attention, SCT may reflect a second mechanism
by which insufficient sleep might affect adolescent driving.

This exploratory study examined the unique relationship between SCT and driving problems
in a sample of adolescents who chronically sleep 5-7 hours on school nights. We examined
whether experimental sleep extension reduced SCT and whether reduction in SCT was
linked to improved driving. We hypothesized that sleep extension would mitigate SCT with
an associated improvement in driving behaviors.

Method

The local IRB approved all study procedures. Adolescent informed assent and parental
informed consent were obtained. Participants were healthy adolescents aged 16-18 years
with a valid driver’s license who regularly obtained 5-7 hours of sleep on school nights (see
Supplemental Table). Exclusionary criteria included: report of psychiatric or neurologic
history, self-report or actigraphic evidence of <5 or >7 hours of typical sleep on school
nights, medication use that affects sleep or alertness, symptoms of periodic limb movement
disorder or obstructive sleep apnea, inflexible obligations that would not allow for bedtime
shifts, and a body mass index >30.

During the school year, adolescent sleep was manipulated at home using a five-week
experimental protocol, with office/assessment visits on the Friday afternoons of weeks 1, 3,
and 5. Week 1 served as a baseline measure of sleep; teens were asked to follow normal their
normal sleep patterns on school nights. Using a randomized-crossover design, adolescents
participated in two sleep conditions, each lasting two weeks: Prescribed Typical Sleep
(TYP), in which school-night bedtimes and rise times were matched to adolescents’ baseline
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sleep; versus Sleep Extension (EXT), in which the adolescent and his/her parent problem-
solved ways to extend time in bed on school nights by 1.5 hrs (see Supplemental Table). On
weekends, adolescents self-selected their sleep schedules, provided they did not shift sleep
phase by >2 hours compared to school days.

Adherence to the protocol was monitored via actigraphy (Sleepwatch; Ambulatory
Monitoring, Inc), and reviewed with parents and adolescents concurrently at each study visit.
Here, we focused on weeknights within each condition.

SCT symptoms were measured using 14-item validated scales: the Sluggish Cognitive
Tempo Scale [12] (parent-report) and Child Concentration Inventory [13] (self-report).
Parent-report of ADHD inattention was assessed using 9 items on the validated Vanderbilt
Rating Scale [14], with the wording modified slightly to allow adolescents to self-report
[15]. Parents and adolescents rated symptoms for the “past five days” at the end of each
condition.

Adolescents reported typical driving behavior (past 6 months) at baseline using the validated
50-item Driving Behavior Questionnaire (DBQ) [16]. This measure consists of three scales:
violations (e.g., running red lights), dangerous errors (e.g., misjudging speed of oncoming
vehicle), and silly errors/lapses (e.g., forgetting where car is parked). Changes in driving
behavior were assessed following each sleep condition using a short-form of selected items.
Based on the relationship between baseline SCT and DBQ (see Results), a short-form
measure of 4 items assessing driving violations (speeding, “racing” other drivers, running
red lights, and distracted driving) in the past 5 days was created. This short-form correlated
moderately with the DBQ violations at baseline (r= .54, p=.004).

3. Results

Of 41 teens initially recruited, three were excluded prior to randomization due to
ineligibility (e.g, obesity). The randomized 38 adolescents (63.2% female; M,ge=16.82
years, SD=0.80, Micensed=1.32 months, SD=0.64) averaged 6.34 (SD=0.68) hours of
weeknight sleep at baseline per actigraphy. Eleven did not complete the five-week protocol
due to lack of interest or schedule conflicts, one was excluded from participation for being
non-adherent to wearing the actigraph, and two did not adhere to the sleep condition
instructions. The remaining 24 participants did not differ from non-completers on baseline
demographics, SCT, driving behavior, or sleep duration.

In zero-order correlations, baseline parent-reported SCT correlated with self-reported DBQ
violations (r=.36, p=.03), but not dangerous errors (r=.04, p=.81) or silly errors/lapses (r=.
23, p=.18). Self-reported SCT correlated with all DBQ subscales (r5=.43-.52, g5 < .05).
Parent-reported inattention was negatively, non-significantly, correlated with DBQ violations
and was not significantly correlated with the remaining subscales. With the exception of a
strong positive relationship with DBQ violations (r=.56, o=.000), self-reported inattention
displayed similar relationships with the remaining DBQ scales as self-reported SCT. After
controlling for inattention in partial correlations, parent-reported SCT was significantly
positively correlated with violations (=.01), but self-report of SCT symptoms was not

Sleep Med. Author manuscript; available in PMC 2018 July 18.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Garner et al.

Page 4

significantly correlated with any baseline DBQ subscale (Table 1). Similarly, controlling for
SCT rendered associations between inattention and subscales of the DBQ to non-
significance with the following exceptions: parent-reported inattention remained negatively
associated with DBQ violations and self-reported inattention remained positively associated
with DBQ errors.

Parents of adolescents who completed and adhered to the experimental protocol noted little
change in SCT symptoms across conditions (£=0.87, p=.40), but the adolescents themselves
reported fewer symptoms during EXT than TYP (£3.25, p=.004; Cohen’s ¢=.71). Two SCT
groups were created using median split of self-reported SCT: No Improvement and
Improvement. Repeated measures analysis of covariance tested the effects of sleep condition
on the short-form violations, with SCT group as the between subjects factor, covarying for
inattention. The SleepxSCT group interaction was significant [ A1, 21)=5.75, p=.03; nzp:.
22]. The SCT Improvement group reported fewer driving violations during EXT than during
TYP sleep (F=4.97, p= .04, nzp =.19). The SCT No Improvement group’s driving violations
were not significantly different across sleep conditions (F=2.42, p=.14, nzp =.10, Figure 1).

4. Discussion

This is the first study to examine the impact of sleep extension on SCT in a sample of
chronically short-sleeping adolescents. SCT symptoms — at least as experienced by the
adolescents themselves — appear to be modified by extending sleep. This suggests that prior
correlational links between SCT and sleep [10] may reflect true cause-effect relationships.
Although SCT symptoms are distinct from sleepiness [10,17], lengthening sleep may
alleviate SCT symptoms. SCT symptoms changed only by self-report. It has been argued
that SCT may be an internal state, thus self-report may be especially important [10], though
this is only the third study to date to include youth’s own report of their SCT symptoms
[11,18].

This study was also the first to explore the relation between SCT and driving behaviors. SCT
as reported by parents and adolescents was moderately to strongly correlated with several
aspects of driving, but most of these associations were no longer significant after covarying
ADHD inattention. Of note, ADHD inattention was also no longer associated with most
driving domains after controlling for SCT. Although distinct constructs, SCT and inattention
are strongly correlated [10]. It appears that controlling for the influence of the other often
washes out the associations SCT and inattention each have with driving, though our sample
size was small and may have contributed to the lack of unique effects found. However, SCT
and inattention exhibited differential relationships with deliberate violations: SCT was
uniquely positively associated with deliberate violations, whereas ADHD inattention was
uniquely negatively associated with deliberate violations, suggesting that SCT may play a
unique role in this aspect of adolescent driving. Given the positive association between DBQ
violations with observable crash-related driving variables such as speed, the relationship
between SCT and DBQ violations is notable [19]. It is also notable that the association
between SCT and DBQ violations was a cross-rater relationship (parent-self, respectively)
suggesting that this finding is not likely due to shared method variance. As noted above, we
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also note that we may have lacked statistical power to detect other unique effects for either
SCT or ADHD inattention.

Sleep extension mitigated DBQ violations scores suggesting that changes in SCT could
result in meaningful changes in driving behaviors known to increase crash risk. Sleep
extension had the greatest effect on driving violations amongst adolescents who reported
improvements in SCT, even when controlling for changes in attention. If replicated, this
finding would be consistent with the notion that individuals vary in vulnerability/resilience
relative to short sleep. Adolescents who show the greatest decline in attention after
experimental sleep restriction also show the greatest decline in performance in driving
simulation [9]; adolescents for whom sleep affects SCT the most may similarly be most
vulnerable to driving violations when inadequately rested. Our findings are specific to a
sample of adolescents experiencing chronic short-sleep on school nights. Although this is a
common phenomenon during adolescence, future studies should examine the impact of sleep
restriction and extension on SCT symptoms and driving in a variety of samples and with a
diverse set of outcomes (e.g., official driving records). Future studies should include
validated, applied measures of changes in driving behaviors. Finally, although attrition did
not appear systematic, about a quarter of our sample dropped-out mostly due to conflicts in
obligations. Preliminary findings suggest that alleviating chronic sleep restriction could be
an important avenue for improving symptoms of SCT and driving, but additional work is
needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

Sluggish cognitive tempo (SCT) is uniquely associated with adolescent
driving violations.

Sleep extension (EXT) reduces self-reported SCT relative to typical short-
sleep (TYP).

Adolescents with improved SCT symptoms reported fewer driving violations
during EXT versus TYP.
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Self-Reported Changes in Driving Violations

140 SCT Group
= No Improvement
\. = Improvement
\
1.307 *
\\

1.207
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I I

Typical Sleep Extended Sleep
sleep
Fig. 1.

Results of follow-up test on the sleep condition x interaction. SCT Improvement group
reported less driving violations during Extended Sleep than during Typical Sleep (p=.037).
The SCT No Improvement group did not significant changes in violations as a function of
sleep condition (p=.135).
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Table 1.

Zero-order and partial correlations between symptoms and self-reported driving problems at baseline

Parent-Report SCT Self-Report SCT Parent-Report Inattention  Self-Report Inattention

Zero-order  Partial ~ Zero-order Partial Zero-order Partial Zero-order  Partial
Violations 36 4% 43%* .29 -.25 —34* 34% .09
Dangerous errors .04 .04 52 ** .24 .04 .03 567 u*
Silly errors .23 .20 52 ** .29 17 14 507%* .25

Note. SCT partial correlations control for inattention symptoms at baseline and inattention partial correlations control for SCT symptoms at

baseline.
*
p <.05,

Aok

p<.01
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