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Abstract

Background: Sleep disturbance is common among individuals with Tourette’s Disorder (TD).
Given that sleep is influenced by the circadian system, this study examined circadian rhythms and
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sleep in adults with TD, and explored the possible benefit of short-wavelength wearable morning
light therapy.

Methods: Participants were 34 adults with TD (n=14) and age- and sex-matched healthy
controls (HC; n=20). Participants were screened using clinician-rated diagnostic and tic severity
interviews, and procedures lasted 3 consecutive weeks. Participants completed a baseline week
of actigraphy. Adults with TD completed two weeks of Re-Timer™ morning light therapy and
continued actigraphy monitoring. Dim light melatonin onset (DLMO) phase assessment, tic
severity interview, and measures of chronotype, sleep disturbance, daytime sleepiness, disability,
depression, anxiety, and stress were completed at baseline and post-intervention.

Results: Adults with TD reported significantly greater eveningness and sleep disturbance relative
to controls. Per wrist actigraphy, adults with TD exhibited significantly longer sleep onset latency,
lower sleep efficiency, and greater sleep fragmentation than HC. Following morning light therapy
there was significant advances in DLMO phase, but not self-report or actigraphy sleep variables.
There were small, statistically significant decreases in tic severity and impairment. There were
also significant reductions in daytime sleepiness, and self-reported anxiety, but not depression,
stress, or disability. Participants reported minimal side effects and rated light therapy as acceptable
and comfortable.

Conclusions: Findings showed some benefits following brief light therapy in TD; further
exploration of the impact of spectral tuning the photic environment as part of treatment for TD
subjects is warranted.

Keywords
tic; circadian; melatonin; chronotype; actigraphy; sleep; sleepiness; depression; anxiety

Introduction

Tourette’s disorder (TD) is a childhood-onset neurological condition involving multiple
repetitive, involuntary movements and one or more vocalizations enduring for over a year,
and associated with underlying basal ganglia thalamocortical dysfunction [1,2]. Beyond the
hallmark features of TD, co-occurring psychiatric conditions often include ADHD, OCD,
anxiety, and depression [3,4]. Sleep disturbance is also common, occurring in 11% to 16%
of adults with TD [4,5]. Sleep problems in TD include difficulties falling asleep, night
time awakenings, abnormal movements and tics during sleep, parasomnias, reduced sleep
quality, and daytime sleepiness, and are associated with co-occurring psychiatric disorders
and symptoms (i.e., ADHD, anxiety, obsessive-compulsive symptoms, and depression),
increased tic severity, and female sex [6,7]. However, few objective studies have examined
sleep in TD, particularly in adult samples.

The sleep-wake cycle is regulated in part by our circadian rhythm [8]. Circadian
abnormalities (encompassing the sleep-wake cycle, and key circadian markers, including
phase of melatonin, cortisol, and core body temperature), and delays or advances in
chronotype (i.e., eveningness or morningness preference or timing) — the behavioral
manifestation of circadian rhythms — are present in many neurological and psychiatric
disorders [9-11]. However, there is a lack of research regarding circadian biology and

J Neurol. Author manuscript; available in PMC 2023 January 01.
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TD. Nevertheless, circadian delays and evening chronotype have been found in commonly
co-occurring neurodevelopmental disorders, such as ADHD and OCD [12-14]. Given the
shared deficits in inhibition of unwanted actions and basal ganglia thalamocortical circuitry
among these three disorders, it is plausible that there may too be circadian delays in TD [2].

Light is a potent circadian entraining agent; thus, light therapy (LT) presents a powerful
treatment to address circadian misalignment, with morning LT yielding circadian phase
advances and evening light producing circadian phase delays [15]. LT can also positively
affect sleep, mood, and alertness [16]. LT intervention has historically used a stationary
box emitting white light to the retina at intensities ranging from 2,500 to 10,000 lux [17].
Although effective, adherence may be reduced by time constraints and the need to remain
in front of the device for the session duration [18]. Further, research suggests that short-
wavelength (i.e., blue-green) light may produce more robust circadian phase shifts at lower
intensities and shorter durations than white light [19,20]. Guided by these data, researchers
have developed the Re-Timer™, a wearable device emitting short-wavelength light [21].
Studies to date have shown that one week of morning Re-Timer™ LT was associated with
a significant circadian phase advance in healthy adults relative to no-light control [21], and
four weeks of morning Re-Timer™ LT in adults with probable post-traumatic stress disorder
was associated with significantly greater reductions in symptoms of post-traumatic stress
disorder and depression relative to sham-control (i.e., dimmed Re-Timer™ light) [22].

Only two case reports have examined the effects of LT in individuals with TD. Two
adolescent males with TD received daily morning LT at 2,500 lux for 2 weeks, showing
modest reductions in tic severity after six days, relative to a sham control administered 6
weeks later [23]. One adult female with persistent vocal tic disorder using morning LT at
10,000 lux daily (approximately 2 hours/day) for major depressive disorder, noted improved
mood and tics after 6 weeks [24]. Although promising, more research is needed to establish
the effects of LT in individuals with TD. The present study 1) evaluated the degree to
which there are circadian delays and sleep disturbance in adults with TD relative to healthy
controls (HC) at baseline, and 2) examined the extent to which short-wavelength wearable
morning LT was associated with advanced circadian phase and improved sleep and clinical
symptoms. Findings will help to elucidate the role of circadian rhythms in TD, and test a
novel targeted, non-pharmacologic intervention.

Participants were 34 adults: 14 with TD (=12, 85.7%) or persistent motor tic disorder (/7=2,
14.3%), and 20 age- and sex-matched HC recruited through an academic medical center.
Participants were 30.15 years of age (SD=7.48) and predominantly males (67.6%). There
were no significant group differences in demographic characteristics (see Table 1). See Table
2 for clinical characteristics of adults with TD.

Inclusion criteria included an age of 22 to 50 years and English fluency. For the TD group,
additional inclusion criteria included DSM-5 [1] diagnosis of TD or persistent (motor or
vocal) tic disorder (PTD), Yale Global Tic Severity Scale (YGTSS) [25] total tic severity >

J Neurol. Author manuscript; available in PMC 2023 January 01.
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14 for Tourette’s Disorder or = 10 for PTD. Inclusion criteria for the HC group included no
current or lifetime history of DSM-5 psychiatric disorders.

Exclusion criteria for adults with TD included lifetime diagnosis of bipolar disorder,
psychosis, or pervasive developmental disorder; suicidality, severe depression or anxiety,

or substance dependence present within the prior 6 months; current diagnosis of obstructive
sleep apnea, restless leg syndrome, periodic limb movement disorder, or narcolepsy; use

of prescribed or over-the-counter sleep medication within one month of study enrollment;
and change in other psychotropic medication status or dose within one month of study
enroliment.

HC were excluded for current or lifetime psychiatric disorders, including sleep disorders;
and lifetime psychotropic medication use or prescribed or over-the-counter sleep medication
use within one month of study enrollment. Exclusion criteria for both groups included
intellectual functioning below the low average range (i.e., 1Q score < 80); night shift work
or travel across > 2 time zones in the past month; current pregnancy; and any medical or
neurological condition likely to interfere in participation. We screened 18 adults with TD for
eligibility. Four were ineligible due to: non-primary TS (n7=2), recovery from surgery (n=1),
and tic severity below cutoff (/7=1). We screened 29 for eligibility for the control group.
Seven were excluded due to early morning shift work (s7=1), age discrepancy (n7=1), and
meeting diagnostic criteria for a psychiatric disorder (/7=5); and two withdrew (/7=2).

Procedure and Measures

Individuals who appeared eligible following phone screening, completed an in-person
screening evaluation. An interviewer assessed for psychiatric diagnosis (Mini International
Neuropsychiatric Interview for DSM-5) [26], sleep disorders (Diagnostic Interview for Sleep
Patterns and Disorders) [27], and tic symptom severity (YGTSS). A research coordinator
administered a brief test of intellectual functioning [28]. Participants reported on sleep
(Pittsburgh Sleep Quality Index) [29], chronotype (Morningness Eveningness Questionnaire-
Revised) [30], negative affect (Depression Anxiety Stress Scale) [31], and disability
(Sheehan Disability Scale) [32]. Following the screening assessment, eligible participants
monitored their sleep for seven consecutive nights (see Sleep Monitoring section below),
and returned, the day following the seventh night, for a dim light melatonin onset (DLMO)
assessment to evaluate circadian phase. For adults with TD, this evaluation also included

a clinical baseline assessment involving re-administration of the YGTSS and completion

of self-report measures, including the Epworth Sleepiness Scale [33]. The day immediately
following baseline, adults with TD began fourteen consecutive days of 1-hour morning

LT, and continued to monitor sleep, followed by a post-intervention DLMO assessment

and a clinical evaluation occurring on the final day of LT, assessing adverse effects (Light
Effect Questionnaire) [34] and treatment perceptions of LT, adapted from a behavior therapy
for TD trial [35]. See Online Resource 1 for measure descriptions. Participants received
monetary reimbursement of up to $400.

Sleep Monitoring.—Participants wore an actigraph (Actiwatch Spectrum Pro, Philips
Respironics, Amsterdam, Netherlands) on their non-dominant wrist for the duration of the

J Neurol. Author manuscript; available in PMC 2023 January 01.
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study to measure movement and light, which was recorded in 30-second epochs using a
medium sensitivity movement-detection threshold. Participants were instructed to press a
marker on the actigraph to indicate bedtime (i.e., time in bed with the intention of falling
asleep) and rise time (i.e., time out of bed). Participants were also instructed to record their
bedtimes, rise times, and other sleep variables using a daily sleep diary, in addition to text
messaging bedtimes and rise times to the lab as a backup sleep record. Bedtimes and rise
times were not fixed. This information was used to schedule the DLMO assessment and
inform actigraphy scoring. A trained scorer processed actigraphy using Philips Actiware
version 6.0.9, according to existing procedures [36], which suggest setting the bounds of
the rest interval (i.e., time in bed, and time out of bed) based on the marker, followed by
sleep diary bedtimes and rise times, then light and activity information. A second scorer
reviewed all rest intervals for accuracy. The software yielded sleep start and end times, used
to calculate sleep mid time (often used as an estimate of circadian phase) [37], sleep onset
latency (the duration in minutes between time in bed and sleep start time), total sleep time
(the total number of minutes scored as sleep within the rest interval), and sleep continuity
measures, including wake after sleep onset (the total minutes spent awake following sleep
onset), number of wake bouts (the total number of continuous blocks of epochs in which
each epoch is scored as wake during the time spent in bed), sleep efficiency (total sleep
time divided by time in bed multiplied by 100), and fragmentation index (a sum of the
percentage of the sleep period that is spent moving and the percentage of consecutive
epochs with no movement) [38]. Actiwatch actigraphs have exhibited good validity against
polysomnography (i.e., sleep electroencephalography) [39,40].

Dim Light Melatonin Onset Assessment.—DLMO, referring to the time at which
melatonin levels begin to rise in the evening, is a reliable marker of circadian phase [41,42].
During this assessment, participants remained in a dimly lit (i.e., < 5 lux), windowless room
within our facility for 6.5 hours (from 5.5 hours prior to average bedtime until one hour
after). Saliva samples were collected every 30 minutes using salivettes, beginning after 30
minutes of dim light exposure. Saliva samples were placed on ice during the assessment,
stored at —20° C, and later shipped overnight in dry ice to SolidPhase, Inc. (Portland, Maine)
for batch analysis. There, the samples were thawed and centrifuged prior to performing
radioimmunoassay analysis of salivary melatonin concentration (pg/mL) using Biihimann
kits. DLMO was established using both a fixed threshold of 3 pg/mL, and a 3k threshold,
which accounts for interindividual variability in melatonin production and is calculated by
summing the mean plus two standard deviations of the first three low daytime melatonin
concentrations just prior to the evening rise [43]. DLMO was set to the clock time at which
pg/mL of melatonin crossed and remained above the threshold for at least an hour. See
Online Resource 2 for more information.

Light Therapy.—LT began the morning following the baseline DLMO assessment.
Participants were provided a wearable device, the Re-Timer™ (https://www.re-timer.com/),
which emits blue-green (500nm wavelength) light at /ow (315 lux Im/m?2 and 143 irradiance
pW/cm?) or high (506 lux Im/mz2 and 230 irradiance pW/cm2) settings. Participants were
instructed to wear the device on the high setting for 1 hour daily upon awakening at their
average rise time (calculated from baseline reported rise times). However, if this average

J Neurol. Author manuscript; available in PMC 2023 January 01.
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rise time was deemed too late to allow the participant to adhere to LT procedures while
maintaining their regular activity schedule, the rise time was shifted up to one hour earlier
prior to treatment outset. Wake times were not fixed during LT [44]. Participants were given
adjustable straps to improve stability of the device placement. Participants were informed
they could perform routine activities (e.g., eating, watching television, reading) while using
the device. They were told they may begin to feel sleepy earlier in the evening than is
typical, and were encouraged to go to bed earlier if they felt sleepy. Participants were also
instructed to refrain from sleeping in during the weekends or drinking caffeine after 3:00
pm. Participants were encouraged to refrain from napping during LT. However, they were
advised that, if feeling very sleepy, they should nap after 12 pm, so as not to counteract

LT. Participants received phone calls on days 1 through 3, with subsequent text messages to
prompt use of the device at the specified time. Participants completed a LT tracking form
assessing time of LT onset and offset. In addition, an actigraph with straps removed was
affixed to the inside of the device with velcro to monitor light and movement to determine
times it was turned on and in use.

Statistical Analysis—SPSS 26.0 was used to conduct analyses. Descriptive statistics,
chi-squared tests of independence and independent samples t-tests were performed to
characterize the sample. The TD and HC groups were compared on baseline PSQI global
score, actigraphy variables, MEQ total score, 3k and 3 pg/mL DLMO thresholds (see Online
Resource 3 for details), in addition to the phase angle (i.e., time interval) between clock
time of 3k and 3 pg/mL DLMO thresholds and sleep mid time using the Mann-Whitney U
test. This test was selected to account for the skewed distribution of sleep onset latency,
wake after sleep onset, number of wake bouts, sleep fragmentation, and PSQI global

score variables. The exact significance (two-tailed) corrected for ties was used to obtain
the p-value. Bivariate Pearson correlations were performed to evaluate associations among
measures.

Repeated measures linear mixed modeling (LMM) was performed to evaluate change in
actigraphy variables. LMM is optimal as it accounts for missing data, small sample sizes,
and nonparametric distributions [45]. Sleep start time, sleep onset latency, wake after sleep
onset, number of wake bouts, and sleep efficiency were log transformed due to their skewed
distribution. LMM was performed with timepoint entered as a fixed effect and repeated
effect. An autoregressive heterogeneous covariance structure of order 1 was specified to
account for reduced correlation between data points with increasing distance between
assessment timepoints [46], and maximum likelihood specified as the method of estimation.

The Wilcoxon Signed Rank Test was used to evaluate change in PSQI global score, ESS,
MEQ, clock time of 3k and 3 pg/mL DLMO thresholds (see Online Resource 3 for

details), YGTSS total, motor, and vocal tic severity scores, YGTSS impairment score, DASS
depression, anxiety, and stress totals, and SDS total. This test was selected to account for

the skewed distribution of baseline YGTSS vocal tic score and post-intervention YGTSS
impairment score. Bivariate correlations tested relationships between change in DLMO and
change in clinical measures. Descriptive statistics summarized LT side effects, adherence,
and acceptability. Self-reported LT perceptions were reviewed to gauge feasibility.

J Neurol. Author manuscript; available in PMC 2023 January 01.
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Results

Adults with TD exhibited sleep disturbance and eveningness relative to HC.

Based on self-report, adults with TD had greater self-reported sleep disturbance (PSQI
global score; U=29.00, p<.001) relative to HC. As measured by actigraphy (see Table 3),
adults with TD exhibited significantly longer sleep onset latency (U=29.00, p<.001), poorer
sleep efficiency ((=65.00, p=.01), and greater sleep fragmentation ({=78.00, p=.046).
There were no significant group differences in sleep start time, sleep mid time, sleep end
time, wake after sleep onset, number of wake bouts, or total sleep time (p=.38-.84).

Adults with TD reported significantly greater eveningness compared to HC (U=57.50,
p~=.01; see Figure 1); however, there were no significant group differences in DLMO as
evaluated using the 3k (U=73.00, p=.56) and 3 pg/mL methods (U=91.00, p=.57; See Table
3). See Online Resource 3 for sensitivity analyses for 3k and 3 pg/mL DLMO thresholds.
There were no significant group differences (Table 3) in phase angle between sleep mid
time (per actigraphy) and DLMO, using 3k (p=.56) or 3 pg/mL methods (p=.11). See Online
Resource 4 for Pearson bivariate correlations among measures.

LT associated with advances in DLMO and reduced daytime sleepiness in adults with TD.

There were no improvements in sleep or advances in sleep mid time per actigraphy (s:
.09-.92; See Online Resource 5). Daytime sleepiness significantly decreased (Z=-2.06,
p=.04). However, there were no significant changes in morningness-eveningness preference
(p=.15) or global sleep disturbance on the PSQI (p=.93; See Table 4). DLMO significantly
advanced by 45 minutes on average per 3k (Z=-2.43, p=.01) and 3 pg/mL thresholds
(Z=-2.43, p=.01; see Figure 1). See Online Resource 3 for sensitivity analyses.

LT associated with reduced tic severity, anxiety, and disability in adults with TD.

LT was associated with significant reductions in clinician-rated tic outcomes (see Table 4),
including YGTSS total (Z=-2.92, p=.002), YGTSS motor (Z=-2.75, p=.01), YGTSS vocal
tic severity scores (Z=-2.57, p=.01), and YGTSS impairment (Z=-2.26, p=.03). Anxiety
(Z£=-2.57, p=.01) and disability significantly decreased (Z=-1.60, p=.11) across LT. There
were no significant reductions in depression (Z=1.44, p=.19) or stress (Z=-1.12, p=.27; see
Table 4). An advance in DLMO (3k) was correlated with a reduction in YGTSS Impairment
(r=-.87, p=.003). An advance in DLMO (3 pg/mL) was correlated with subjective sleep
worsening (i.e., an increase in PSQI Global Score) (r=.74, p=.01). See Online Resource 6 for
relationships among change-in-clinical-measures.

LT Side Effects, Acceptability, Feasibility, and Adherence

Five of the 14 adults (35.7%) with TD endorsed one or more adverse effects of LT, including
headache (=1, 7.1%), dizziness (/7=1, 7.1%), nausea (/7=1, 7.1%), eye irritation (=1,
7.1%), blurred vision (=1, 7.1%), perceiving the light as bothersome (7=2, 14.3%), or

an “other” side effect (7=2, 14.3%). No participants endorsed eye redness, restlessness,
excessive energy, or irritability. Green light and activity readings per actigraph sensor were
used to track LT adherence. Participants wore the device for an average of 12.4 days
(SD=2.8). On average, 33.6 minutes (SD=23.1) of participant LT wear-time occurred during

J Neurol. Author manuscript; available in PMC 2023 January 01.
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the assigned time window. From post-hoc analysis, increased minutes of LT worn within the
assigned window was associated with a greater advance in DLMO per 3k (r=.79, p=.02), but
not per 3 pg/mL (r=.45, p=.14). There were no significant correlations between number of
days used and change in DLMO per 3k (r=.33, p=.39), or 3 pg/mL (r=.16, p=.62).

Participants provided a rating of 5.21 (SD=1.25) on a scale from 1 (“very unacceptable’)

to 7 (“very acceptable”) for acceptability of the intervention and 4.79 (SD=1.58) on a scale
from 1 (“very uncomfortable’) to 7 (‘very comfortable”) for physical comfort of the device.
Some feasibility issues were noted. Participants reported disliking having to rise earlier than
typical in order to have enough time to use the device and prepare for their day, especially
during the weekends, as it resulted in sleep loss despite the instruction to go to bed earlier

if sleepy. Another concern was physical discomfort from wearing the device (e.g., irritation
on nose, retraction of the adjustable nosepiece, unsteadiness of the device during certain
activities, irritation due to the actigraph we affixed to the device). Additionally, participants
expressed concerns regarding being unable to follow their preferred morning routine (e.g.,
gym, showering, washing face, makeup routine, going straight to work, etc.). One participant
with disinhibition-related tics noted that wearing the device triggered tics involving touching
the device and face during LT sessions. However, participants also reported favorable
changes, including increased sleepiness earlier at night, earlier morning rising, increased
morning alertness, increased daytime energy, and feeling calmer.

Discussion

The present study compared markers of circadian rhythms and sleep in adults with TD

and HC, and assessed the effects of wearable, short-wavelength morning LT on circadian
and sleep measures, and clinical symptoms. Baseline group comparisons showed that adults
with TD displayed significantly greater eveningness preference relative to HC. Additionally,
although not statistically significant, adults with TD went to bed and rose later than HC, also
suggesting a delay. However, adults with TD did not universally exhibit greater circadian
phase delay (i.e., DLMO) relative to HC. Furthermore, we did not find significant group
differences in the timing between DLMO and sleep mid time (i.e., the phase angle).

Nevertheless, even without objective circadian delay, the finding of delayed chronotype

in TD is consistent with a larger body of literature linking eveningness with psychiatric
illness [11]. In particular, mood disorders are commonly associated with eveningness [47],
and there is some support for associations between the common comorbidities of ADHD
and OCD with eveningness [13,14,12]. Over half of our clinical sample had a history of
depression, three had ADHD, and one had OCD. Therefore, it is possible that psychiatric
comorbidity contributed to this association in our sample. However, depressive symptoms
were not significantly correlated with sleep or circadian measures in this study. Research
has identified several mediators of the association between chronotype and psychiatric
illness, including sleep disturbance, shared genetic factors, and neural circuitry implicated
in emotion regulation and reward responsivity [11]. Among these, we observed significantly
increased sleep disturbance per actigraphy and questionnaire among adults with TD.

J Neurol. Author manuscript; available in PMC 2023 January 01.
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With regard to actigraphy-based sleep outcomes, we noted significantly longer sleep onset
latency, poorer sleep efficiency, and greater sleep fragmentation in adults with TD relative

to HC. This was corroborated by greater self-reported sleep disturbance in adults with TD.
Wrist actigraphy outcomes were generally consistent with those of polysomnography studies
in TD, showing delayed sleep onset and reduced sleep efficiency [6]. In contrast to prior
objective studies [48-50], we did not find an increased number of awakenings in adults with
TD.

Two weeks of wearable, short-wavelength morning LT were associated with a significant
circadian phase advance of approximately 45 minutes. The intervention was also associated
with significant improvements in daytime sleepiness and anxiety. However, there were no
significant improvements in sleep disturbance by actigraphy or self-report. Interestingly,

an advance in DLMO was associated with subjective sleep worsening. Our findings are in
accordance with a two-week pilot of LT in adults with ADHD that resulted in a significant
circadian phase advance per DLMO, but no significant change in sleep [51]. It is possible
that the lack of improvement in sleep found in the present study was partially attributed to
the need for many participants to rise earlier to wear the device for an hour, resulting in
sleep loss. Per our analysis of actigraphy, bedtime did not appear to shift early enough to
account for the greater advance in rise time. Stronger guidance to ensure sleep duration is
not shortened during LT may be needed. It is also possible that longer LT duration may be
needed to effect changes in sleep. A meta-analysis showed that LT does positively impact
several sleep variables, with large effects noted for insomnia, and moderate effects observed
for sleep quality, fatigue, sleep onset latency, and sleepiness [52]. However, most if not all
of the studies reviewed utilized bright light as opposed to the target wavelengths used in

the present study. Number of treatment days did not moderate effects in this meta-analysis;
however, other study design elements (e.g., light intensity, daily treatment duration) covaried
with number of treatment days [52]. Still, we predicted that LT would significantly boost
mood. Surprisingly, we found no significant improvements in depression following LT.
Given the direct and indirect effects of light on mood [53,54] and the preponderance of
depression history in the sample, this finding countered expectations. However, it should be
noted that measures of mood and anxiety at baseline indicated mild depression and minimal
anxiety on average within our sample. Nevertheless, we did observe significant reductions in
anxiety. Research examining the effects of LT on anxiety symptoms is limited and outcomes
have been mixed [55-57].

Following LT, there were significant reductions in clinician-rated tic severity and
impairment. Additionally, a greater advance in DLMO was associated with a greater
reduction in impairment. Although statistically significant, these reductions were small

and may not represent clinically significant changes. Given the single-group design, and
fluctuating nature of tics, we cannot attribute these changes to the intervention. However,
the reductions in anxiety and daytime sleepiness provide some possible means by which tics
could have been influenced. We feel that this improvement in tic severity is an important
area to follow up on with future work.

Finally, LT was completed with minimal side effects and good adherence. Greater LT
adherence was associated with a greater advance in DLMO, highlighting the importance
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of appropriate use of LT within the assigned time window. The LT device was generally
rated as acceptable and comfortable. However, participants did report feasibility concerns
(i.e., early rising, disruption to morning routine, some physical discomfort). This disinterest
in rising earlier is an important consideration in LT, as desire and commitment to change
have been implicated in LT adherence [58]. More research is needed to examine the role of
motivation and readiness to change in LT. A number of participants also reported positive
experiences, including greater alertness, energy and sense of calm in the day, increased
sleepiness at night, and earlier rising in the morning.

This study has several limitations worth noting. First and foremost, the sample size is small,
reducing generalizability of findings. Second, eligibility criteria allowed for comorbidities
in the Tourette’s disorder group, but not the control group. Although this increased the
ecological validity of the Tourette’s disorder group, the use of well controls may have
introduced bias [59]. Third, some participants were taking psychotropic medications, known
to influence sleep and circadian rhythms. Fourth, we did not apply a fixed sleep-wake
schedule during the baseline monitoring period, and instead sleep timing was stabilized
during the light treatment, which may have influenced the results. Fifth, we utilized a
single-group, pre-test, post-test design to evaluate LT, which reduces the ability to link
outcomes to LT. Other aspects of the protocol may have influenced changes in DLMO,
including the need for some to rise earlier in the morning than their baseline average rise
time to wear the device. Further, protocol instructions to go to bed earlier if sleepy, refrain
from sleeping in on the weekends, and alter time of potential caffeine consumption and naps
may have influenced treatment expectations regarding sleepiness and impacted exposure

to evening light. Sixth, LT was limited to a brief two-week course. Although LT sessions
generally produce immediate mood-boosting effects [60] and can shift circadian phase
within days, a longer duration may be needed to observe substantial change in other clinical
dimensions. Moreover, adults with TD were heterogeneous with respect to eveningness. As
such, participants ranged in their potential need for morning LT.

Findings have implications for the clinical management of TD. As eveningness and sleep
disturbance are associated with poor mental and physical health outcomes [11,61], their
increased presence in adults with TD highlights the need for assessment and monitoring

of sleep and chronotype in clinical care. Additionally, as group differences in sleep onset
latency were particularly robust, this may suggest this is a prominent sleep problem among
adults with TD. Further, as daytime sleepiness decreased following LT, it is possible that
this intervention could boost alertness in individuals experiencing sedation as a side effect
of tic medication. As there were complaints about early rising during LT, it is important to
consider lower-effort alternatives. For example, exogenous melatonin is a circadian phase
shifting agent and can advance circadian phase if administered approximately five hours
prior to bedtime, or serve as a soporific agent when administered closer to bedtime [43].
Moreover, as sleep did not improve over the course of LT, a more gradual approach, whereby
the patient times sessions according to their typical weekend rise time, and successively
advances rise time by 15- to- 30-minute increments may be more acceptable to participants
and more likely to preserve or improve sleep. In sum, although these preliminary findings
are promising, future empirical investigations including a more comparable control group,
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and sham-control condition (e.g., dimmed light or light at the incorrect wavelength) are
needed to discern the benefits of LT in adults with TD.
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Fig. 1. Histogram of Distribution of Morningness-Eveningness Questionnaire-Revised Total
Score in Adults with Tourette’s disorder and Healthy Controls

Note. Morningness-Eveningness Questionnaire-Revised Total scores range from 16 to 86.
Lower scores indicate greater eveningness and higher scores indicate greater morningness
[30].
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Table 2

Psychiatric and Sleep Diagnoses in Adults with Tourette’s Disorder

Diagnosis (n=14)
n (%)

Tourette’s Disorder 12 (85.7%)
Persistent Motor Tic Disorder 2 (14.3%)
Attention-Deficit Hyperactivity Disorder 3 (21.4%)
Major Depressive Disorder 8 (57.1%)
Social Phobia 1(7.1%)
Obsessive-compulsive disorder 1(7.1%)
Binge Eating Disorder 1(7.1%)
Alcohol Use Disorder, Past 12 months 1(7.1%)
Substance Use Disorder, Past 12 months 1 (7.1%)
Delayed Sleep-Wake Phase Disorder 1(7.1%)
Insomnia 3(21.4%)
Bruxism 1(7.1%)
Medication n (%)
On tic medication 4 (28.6%)
On other psychotropic medication 5 (35.7%)
Severity
YGTSS Total M (SD)” 26.57 (8.75)
CGI-S M (SD) 4.64 (0.84)

Moderately ill n (%) 8 (57.1%)

Markedly ill n (%) 3 (21.4%)

Severely ill n (%) 3(21.4%)

Note. M = mean; SD = standard deviation; YGTSS = Yale Global Tic Severity Scale;

'ZYGTSS total tic severity scores ranged from 14 to 44.
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