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Background: Fatigue and sleep disturbance are common and debilitating problems
after brain injury. Light therapy shows promise as a potential treatment. We conducted
a trial of in-home light therapy to alleviate fatigue and sleep disturbance. The aim of the
current study was to identify factors moderating treatment response.

Methods: Participants were 24 individuals with traumatic brain injury (TBI) (n = 19)
or stroke (n = 5) reporting clinically significant fatigue. Outcomes included fatigue on
Brief Fatigue Inventory (primary outcome), sleep disturbance on Pittsburgh Sleep Quality
Index, reaction time (RT) on Psychomotor Vigilance Task and time spent in productive
activity. Interactions of demographic and clinical variables with these outcomes were
examined in linear mixed-model analyses.

Results: Whilst there were no variables found to be significantly associated with change
in our primary outcome of fatigue, some variables revealed medium or large effect
sizes, including chronotype, eye color, injury severity as measured by PTA, and baseline
depressive symptoms. Chronotype significantly moderated sleep quality, with evening
chronotype being associated with greater improvement during treatment. Injury type
significantly predicted mean RT, with stroke participants exhibiting greater post-treatment
reduction than TBI. Age significantly predicted productive activity during Treatment, with
younger participants showing stronger Treatment effect.

Conclusion: Light therapy may have a greater impact on sleep in younger individuals
and those with an evening chronotype. Older individuals may need higher treatment dose
to achieve benefit.

Clinical Trial Registration: www.anzctr.org.au, identifier: ACTRN12617000866303.
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INTRODUCTION

Fatigue and sleep disturbance are debilitating sequelae of
traumatic brain injury (TBI) and stroke across the spectrum of
severity. These symptoms are reported in 30-70% of cases and
impact significantly on daily activities and quality of life (1-4).
Frequent sleep disturbances include excessive daytime sleepiness,
hypersomnia, insomnia, reduced sleep efficiency, changes to sleep
timing and sleep apnea (5, 6). Causes are thought to be multi-
factorial, including both injury-related factors and secondary
factors such as depression and pain (7, 8).

Pharmacological interventions have not provided long-
term solutions to these problems (9-11). Recent studies
have, however, offered evidence that light therapy may be
an effective avenue for treatment (12-16). In a recent pilot
randomized controlled trial involving 24 individuals with
TBI or stroke and significant fatigue, we showed that in-
home light therapy, consisting of daytime blue-enriched white
light (CCT >5,000K) and blue-depleted light (<3,000K) 3h
prior to sleep, showed positive trends in impacting fatigue,
significantly reduced sleep disturbance and insomnia symptoms,
and improved psychomotor vigilance and productive daily
activity, relative to a control lighting condition (17). Considerable
inter-individual variability was observed in responses to the
intervention. There is therefore a need to identify which
factors moderated response to the intervention, so that
treatment may be targeted toward individuals most likely
to benefit.

Only a few studies have examined factors associated with
response to light therapy, for the treatment of delayed sleep-wake
phase disorder (DSWPD) (18) and seasonal affective disorder
(SAD) (19-21). These studies found that mood and sleep-related
factors predicted the efficacy of light therapy, with one study
finding that clinical effectiveness of bright light treatment (2h
of 2,500-10,000 lux light daily for 7-14 days) (based on the
Hamilton Depression Rating Scale) was associated with a greater
relative dominance of atypical symptoms of depression prior
to treatment, which included symptoms such as hypersomnia,
afternoon or evening slump, worse mood in evenings, and
carbohydrate craving (19). Age has also been identified as a
predictor, with younger age associated with greater treatment
response to morning bright light therapy (2,500 lux, 2h in
mornings for 2 weeks) for SAD (21). Conversely, diagnosis
of a personality disorder (20) and moderate consumption
of alcohol (22) render an individual with SAD less likely
to respond positively. Sex differences in response to light
therapy have also been observed, with men demonstrating a
stronger response to blue-enriched white light (6,500K, 40
lux, 2h) in the late evening, indicated by superior sustained
attention performance and increased frontal NREM sleep
slow-wave activity (23). There has been limited examination
of factors associated with light therapy eflicacy after brain
injury (13-16, 24). In a small pilot study, we previously
showed that reductions in fatigue and daytime sleepiness due
to morning blue lightbox therapy were not associated with
demographic, injury or cognitive characteristics of participants
with TBI (12). This present study sought to extend these

previous findings by investigating factors that moderate response
to in-home light therapy in a larger cohort of TBI and
stroke patients.

A number of potential predictive factors were selected a
priori on the basis of their known influence on fatigue, sleep
and sensitivity to light. Firstly, injury-related factors, such as
time post-injury, injury severity, and injury type may moderate
treatment response. Recovery is typically greatest in early stages
(25), and functional recovery greater in individuals with less
severe injury (26), so it is plausible that those with less time post-
injury and less severe injury (measured by shorter post-traumatic
amnesia duration; PTA), may show greater response to light
therapy. Although the causes of fatigue and sleep disturbance
after both TBI and stroke are not well-established, and likely
multi-factorial, it is conceivable that there may be differences
in response to intervention according to injury cause. Biological
factors may also be associated with treatment response, including
eye color, use of antidepressant medication and chronotype.
There is evidence that lighter iris color (27) and antidepressant
medication increase the sensitivity of the circadian system to
light (28). Greater evening chronotype individuals have also been
found to be more responsive to light therapy in groups with
depression and bipolar disorder (29, 30). Lastly, an individual’s
work status (unemployed, working part time or full-time) is likely
to correlate to the amount of time spent in the home, and thus the
magnitude of exposure to the light therapy, which may in turn
moderate treatment response (31).

The aim of the current study was to investigate which
factors moderated response to in-home light therapy for
individuals with fatigue following TBI and stroke. Predictive
factors included level of baseline fatigue, daytime sleepiness and
depressive symptoms, age, sex, injury severity measured by post-
traumatic amnesia (PTA), time post-injury, injury type (TBI
vs. stroke), chronotype, eye color, work status (not working,
part time or full time), and use of antidepressant medication.
Outcomes included measures of fatigue, sleep disturbance,
psychomotor vigilance and productive activity, which were the
main outcomes measured in the intervention. A priori, it was
hypothesized that younger age, male sex, shorter PTA, less
time since injury, injury type (TBI vs. stroke), greater evening
chronotype score, unemployed work status, and current use
of antidepressant medication would be associated with greater
treatment response.

METHOD

Trial Design

This study was a secondary analysis of a randomized within-
subject, crossover controlled trial evaluating the efficacy of light
therapy for fatigue in patients with TBI or stroke, termed
acquired brain injury (ABI). A power analysis [G*Power (32)]
undertaken with power (1-B) set at 0.80 [with a = 0.05; (33)]
to detect a medium effect size (dz = 0.60) showed a required
sample size (within-subjects) of 24. The study was approved by
the human research ethics committees at Epworth Healthcare
(#EH2016-164) and Monash University (#9246). The study was
conducted from August 2017 until June 2020.
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Light Therapy Treatment

The in-home lighting intervention consisted of blue-enriched
high-intensity white light with a correlated color temperature
(CCT) of approximately >5,000 K for use during the day. In the
evening, for 3 h prior to sleep, the light intensity was reduced, and
blue-depleted white light was used (<3,000 K). Current lighting
was assessed prior to study commencement. Priority was given to
rooms in which a participant spent the most time (typically living
space, kitchen, bedroom and ensuite bathroom). Participants
were asked to keep the light schedule as stable as possible day-to-
day, and the timing of each element of light exposure was based
on individual sleep patterns. The specific lighting fixtures and
lamps used were integrated with participants’ existing lighting
arrangements and a qualified electrician changed the lighting.
Participants were educated on how to use and time the lights
for each condition. There was no prescribed time for the light
therapy, but participants were instructed to use the appropriate
Treatment lighting when in their home. Light-emitting devices
(i.e., phone, iPad, computer) also had system settings modified
to reduce exposure to short-wavelength light during evenings. In
the sham control condition, researchers changed the lamps as per
the Treatment condition but the lamps did not change in color
temperature from the participants’ normal lighting (typically
3,000-4,000 K).

A Colormunki Light Meter (X-Rite, Grand Rapids, MI, USA)
was used to measure participants’ home lighting conditions and
data analyzed using f.luxometer software (f.lux, Los Angeles, CA,
USA). The pilot RCT paper (17) showed that during daytime
Treatment conditions, the melanopic illuminance significantly
increased by ~55%, from 226 £ 143 melEDI [melanopic
Equivalent Daylight (D65) Illuminance] lux during the Control
to 350 + 225 melEDI lux. Meanwhile, photopic lux was
maintained [Treatment (441 &£ 267 lux) and Control (394 +
216 lux)]. During nighttime Treatment conditions, there was a
~20% overall reduction in melanopic illuminance to 96 + 65
melEDI lux, from 139 £ 77 melEDI lux during Control, and a
significant reduction in photopic illuminance (Treatment: 210
£ 152 lux vs. Control: 272 =+ 132 lux). Participants reported
average compliance rates of 81% during the Treatment phase, in
terms of utilizing the correct lights, and transitioning from day
to nighttime at the designated hour. This methodology is further
described in a case study paper (Connolly et al., submitted).

RCT Protocol

The protocol for each participant was 5.5 months in duration,
including a baseline of 2 weeks, and two conditions each of
2 months duration (Treatment and Control, counterbalanced),
followed by a 1-month follow-up period. The study employed
a cross-over design and thus all participants were exposed to
both lighting conditions in randomized order, and served as their
own controls. Primary and secondary outcome measures were
administered at baseline and at monthly intervals (mid- and end
of Treatment/Control condition), and at one-month follow-up,
resulting in 6 assessment points. Assessments were conducted by
a researcher who was blinded to the nature of light intervention
being received. The RCT methodology and results are further
detailed in another paper (17).

Participants

Participants were 30 individuals enrolled with mild-severe
TBI or stroke sustained at least 3 months earlier, living
in the community. Inclusion criteria included history of
documented mild to severe TBI, or stroke, and self-reported
significant fatigue (Fatigue Severity Scale >4) (34). Individuals
with comorbid psychiatric disorder requiring hospitalization
were excluded. Other exclusion criteria included presence of
another medical illness accounting for fatigue, including other
neurological disorders, pre-injury sleep disorders or chronic
fatigue syndrome, presence of visual impairments potentially
affecting sensitivity and response to light, recent transmeridian
travel, current use of prescribed and over-the-counter sleep
medications and inability to give informed consent as assessed by
the referring clinician or recruiting neuropsychologist. The use
of antidepressants was permitted provided a stable dosage was
maintained from baseline across the course of the study. Study
recruitment and retention is found in the CONSORT chart in
Figure 1.

Outcome Measures

Primary Outcome

The findings of the RCT (17) showed no statistically significant
effect on fatigue, measured using the Brief Fatigue Inventory (BFI)
(35), but changes were in the expected direction, with medium
effect size. The relatively small sample size in this pilot trial
likely impacted on statistical power to detect a treatment effect.
Nevertheless, we included our primary fatigue outcome measure
in the current study to examine potential factors that may be
worthy of investigation in future studies.

Secondary Outcomes

In light of our findings that demonstrated light therapy was
effective in significantly improving self-reported sleep quality,
psychomotor vigilance and productive activity, the following
measures were selected as additional study outcomes, obtained at
the end of Treatment and Control assessments. Pittsburgh Sleep
Quality Index (PSQI): assessed subjective global sleep quality
(36). Psychomotor Vigilance Task (PVT): was used to measure
sustained attention and reaction time once during the day
(between 10 a.m. and 5 p.m.), with mean RT as the measure (37).
Activity Diary: A customized activity questionnaire was used
to calculate minutes spent on productive (physical or mental)
activity, rest and sleep in four time blocks across the course of
the day (9a.m. to 9 p.m.), with percentage of daily productive
activity calculated.

Predictor Variables

Measures were obtained at baseline prior to exposure to
Condition 1 lighting. Participant demographic, medication and
injury-related information were obtained from medical files
and participant interview at baseline. Variables included age,
sex, time post-injury, injury type (TBI or stroke), work status
(unemployed, part time or full time), and use of antidepressant
medication. Duration of post-traumatic amnesia (PTA) was used
as a measure of injury severity.
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[ Enrollment ]

Assessed for eligibility (n = 80)

Excluded (n = 50)
+ Not meeting inclusion criteria (n = 9)

+ Declined to participate (n = 25)
+ Other reasons (n = 16)

Recruitment source:

Enrolled (n = 30)
Randomized (n = 28)

+ Longitudinal outcome study (n = 15)
+ Community clinicians (n = 10)
+ Advertising (n = 5)

Allocated to sequence Treatment-Control

(n=17)

+ Received allocated intervention (n = 16)

+ Did not receive allocated intervention
(n=0)

\ 4

Lost to follow-up (n = 0)

Discontinued intervention (psychiatric
reasons) (n = 1)

Analyzed (n = 16)
+ Excluded from analysis (n = 0)

pilot trial.

Allocation

Follow-Up

Analysis

FIGURE 1 | CONSORT flow diagram of recruitment and participant retention. The first two participants were not randomized as they were part of an initial two-case

\4

Allocated to sequence Control-Treatment

(n=13)

+ Received allocated intervention (n = 13)

+ Did not receive allocated intervention
(n=0)

A4

Lost to follow-up (n = 1)

Discontinued intervention (medical ililness,
drug/alcohol relapse, study demands) (n = 4)

Analyzed (n = 8)
+ Excluded from analysis (n = 0)

Baseline fatigue (BFI), daytime sleepiness (Epworth Sleepiness
Scale-ESS) (38), depression symptoms (Hospital Anxiety and
Depression Scale - HADS-D) (39), chronotype (Horne-Ostberg
Morningness-Eveningness Questionnaire - MEQ) (40) and eye
color, as captured by the Fitzpatrick Skin Type Assessment (41),
were used as predictor variables.

Data Analysis

Data were analyzed using RStudio Version 1.3.959 (42) and lme4
(43). All variables met assumptions of linearity, homogeneity
of variance and had normally distributed residuals. A linear

mixed-model analysis was used to model each outcome variable
as a linear function of treatment (i.e., treatment or control),
period (ie., differences between condition 1 and condition
2 for treatment-control and control-treatment) and sequence
(i.e., participants allocated treatment-control vs. participants
allocated control-treatment), with participant included as a
random variable. The analysis controlled for baseline scores of
the respective outcome. The key analysis comprised modeling
each predictor as an interaction with treatment, permitting
examination of whether the effect of treatment changed as
a function of predictor values. Predictors were considered
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TABLE 1 | Demographic and clinical characteristics by treatment sequence at baseline.

Baseline variables Treatment-control (n = 16)?

Control-treatment sequence (n = 8)? Total (N = 24)?

M SD M SD M SD

Age (years) 43.13 10.67 46.75 13.13 44.33 11.39
Sex (female) 7 (43.75%) (37.50%) 10 (41.66%)
Injury type (TBI) 14 (87.50%) (62.50%) 19 (79.17%)
Time post-injury (years) 9.53 8.89 11.67 10.68 10.24 9.34
Range 1.16-26.00 3.08-31.00 1.16-31.00
PTAP 28.35 25.96 15.80 24.87 24.86 25.59
Antidepressant medication (Yes) 3 (18.75%) 2 (25.00%) 5 (20.83%)
Work status

PT 6 (37.50%) 4 (50.00%) 10 (41.67%)

FT 6 (37.50%) 1 (12.50%) 7 (29.17%)

None 4 (25.00%) 3 (37.50% 7 (29.17%)
Fitzpatrick skin type assessment (eye color)° 1.87 1.13 1.75 1.04 1.83 1.07
BFI 5.33 1.75 6.75 0.85 5.81 1.64
FSS 5.07 1.27 5.85 0.64 5.33 1.15
ESS 7.69 3.89 10.25 5.20 8.54 4.43
PSQl 7.81 4.09 9.38 4.03 8.33 4.05
HADS (depression) 6.31 3.40 8.25 3.01 6.96 3.34
MEQ 60.19 11.68 51.50 7.65 57.29 11.15
PVT: mean RTP 345.82 89.11 332.68 62.96 321.58 52.41
Productive activity (%) 85.82 12.28 84.17 9.67 85.16 10.96

BFI, Brief Fatigue Inventory; ESS, Epworth Sleepiness Scale; FSS, Fatigue Severity Scale; FT, Full time; HADS, Hospital Anxiety and Depression Scale; MEQ, Morningness-Eveningness

Questionnaire; PT, Part time; PTA, Post-traumatic Amnesia; PVT, Psychomotor Vigilance Task.

There were no significant differences in outcomes between sequences at Baseline.

aData are mean (M) and standard deviation (SD), or percentage values, of participant demographics and baseline characteristics shown for each treatment group.
PN = 18; results not available for some participants due to equipment failure or missing data. No PTA for stroke participants.

°N = 23.

significant if this interaction revealed a p-value < 0.05. Given the
small sample in this pilot trial, effect sizes were also reported.

RESULTS

Participants

Thirty participants enrolled in the study; 24 participants
completed the study protocol. During the study, six participants
withdrew, two during the baseline period, three during Condition
1 (Control) and one during Condition 1 (Treatment). Table 1
presents the demographic and clinical data for participants
at baseline, displayed by treatment sequence. There were
no significant differences between the groups in baseline
demographics, injury-related or clinical variables. All individuals
reported clinically significant fatigue (FSS > 4) at inclusion. The
sample comprised predominantly participants with severe injury
(PTA > 7 days; 53%). The most common mechanism of injury
was TBI by motor vehicle accident (21%), and stroke (21%).

Factors Associated With Reduced Fatigue

No predictor was found to significantly moderate the effect of
treatment on fatigue (p > 0.05; see Supplementary Table 1 for
summary of the predictors in linear mixed-model analyses).
Some variables did, however, show medium to large effect sizes.
Specifically, the interaction between chronotype and Treatment

revealed a medium effect size (d = 0.53), in that individuals
who were more evening type experienced a greater reduction in
fatigue on the BFI during Treatment. Lighter eye color (blue,
gray or green), whilst non-significant, was associated with greater
Treatment response in fatigue, showing a medium effect size (d
= 0.66). PTA showed a large effect size (d = 0.95); greater injury
severity at baseline was associated with greater fatigue reduction
during the Treatment condition. The association of baseline
depressive symptoms with fatigue levels was not statistically
significant, but showed a medium effect size (d = 0.55),
associating lower baseline symptoms with greater reduction in
fatigue. There was no significant association observed between
sequence (Treatment-Control or Control-Treatment) or baseline
fatigue levels and fatigue reduction in response to treatment.
Figure 2 shows predicted values of BFI according to chronotype,
eye color, PTA and baseline depressive symptoms.

Predictors of Improved Sleep Quality

Of the independent variables examined, we found chronotype
to be significantly associated with treatment response in sleep
quality (PSQI; p = 0.036). Lower scores (more evening type) were
associated with greater improvement in sleep quality (Figure 3).
Other variables were not found to be significantly associated with
change in sleep quality, including baseline PSQI scores. There
was no significant effect of treatment sequence.
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FIGURE 2 | Predicted values of fatigue (BFI) from chronotype (A), eye color (B), injury severity (PTA duration) (C) and baseline depressive symptoms (D). Predictors
did not significantly moderate treatment effect on fatigue, but showed medium and large effect sizes. Treatment sequences are combined in figures. Significance (p)
and effect size (Cohen’s d) represented are for predictor-treatment interaction. BFI score range 1-10; score of >4 suggests clinically significant fatigue.

p=.21,d=0.55

6 6 9
Baseline Depressive Symptoms

Predictors of Reaction Time Response
Injury type moderated the effect of Treatment on mean RT (p
= 0.023). Stroke participants were found to exhibit a greater
Treatment response than participants with TBI (Figure 4). There
was no significant effect of treatment sequence. Other variables
were not associated with change in mean RT, including baseline
RT scores (see Supplementary Table 1).

Predictors of Increase in Productivity

Levels
Age was found to significantly predict change in productive
activity levels during Treatment (p = 0.025), with no significant
effect of sequence. Younger individuals exhibited a more positive
Treatment response reflected in increased activity levels (see
Figure 4).
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FIGURE 3 | Predicted values of sleep quality (PSQI) by chronotype. Chronotype significantly moderated treatment effect on sleep quality, and showed large effect
size. Treatment sequences are combined in figure. Significance (p) and effect size (Cohen’s d) represented are for predictor-treatment interaction.

DISCUSSION

This study aimed to identify factors associated with
response to a novel in-home light therapy for fatigue
and sleep disturbance in individuals with TBI or stroke.
We examined the association of a range of variables with
changes in the primary outcome of fatigue, and secondary
outcomes of sleep disturbance, psychomotor vigilance
and productive activity in response to this treatment,
including demographic and injury-related variables, baseline
symptoms, and factors that may have impacted an individual’s
sensitivity to light including chronotype, eye color and use of
antidepressant medication.

The clinical trial (17) did not show a statistically significant
benefit on the primary outcome, fatigue. There were also no
variables that were significantly associated with changes in
fatigue, although several factors did show associations with
medium or large effect sizes. Evening chronotype, lighter eye
color, greater injury severity as indicated by longer PTA, and
lower baseline depressive symptoms were associated with greater
post-treatment reduction in fatigue. These preliminary findings
are important in informing future light intervention studies.

Evening chronotype was associated with greater Treatment
response in sleep quality, and a trend toward reduced fatigue.
There are a number of possible reasons for this relationship.
Chronotype is a behavioral phenotype resulting from an
approximately equal contribution of the endogenous circadian
clock and the sleep homeostat (the two-process model of sleep-
wake regulation). A tendency for eveningness, for example, could
result from a later circadian clock phase, a slower homeostatic
build-up of sleep pressure, or both (44). The benefits of
light treatment could also be mediated through both of these
processes. The greater light response observed for evening types
could be a result of a phase advance (earlier) shift in the circadian
clock due to less exposure to blue-enriched light that would
phase delay in the evening, and exposure to blue-enriched light
to phase advance in the morning (45), which would in turn
better realign the natural alertness rhythm with day, and sleep
with night, improving daytime function. A reduction in the
direct alerting effects of light in the 3h prior to sleep through
exposure to blue-depleted light would also have a direct effect on
the ability to fall asleep, and sleep quality, as shown previously
(46-48). This chronotype-treatment interaction has also been
observed in other groups, in treatment-resistant inpatients with
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FIGURE 4 | Predicted values of mean RT (ms) by injury type (A), and productive activity (%) by age (B). Injury type significantly moderated treatment effect on mean
RT, and showed large effect size. Age significantly moderated treatment effect on productive activity, with large effect. Treatment sequences are combined in figure.
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depression using bright light therapy (29), and in bipolar
patients using combined total sleep deprivation/morning light
therapy (30), who both showed those with evening chronotype
exhibited greater treatment response. The current study cannot
quantify the relative contributions of these mechanisms but
future studies could include outpatient circadian phase or waking
EEG measures to try and do so.

The association between lighter iris color and better light
therapy Treatment response in fatigue is consistent with previous
work that demonstrated increased sensitivity of another “non-
visual” response to light, melatonin suppression response, in
individuals with light-colored, compared to dark-colored, eyes
(27). This is thought to be due to intraocular light scattering,
called straylight, which is dependent on pigmentation of the

eye, and found to be greater in blue-eye individuals than dark-
eyed individuals (49). Whilst this personal factor may not be
warranted as a selection criterion for suitability to undertake light
therapy, it may help explain variability across individuals.

The finding that greater injury severity (measured by PTA,
in TBI participants only) was associated with a larger treatment
response was not in line with our hypothesis. If confirmed, this
finding is promising as it may mean that individuals with more
severe injuries are able to benefit from this relatively non-invasive
intervention. Furthermore, injury type (i.e., stroke or TBI) was
found to significantly predict change in mean RT. Specifically,
stroke participants exhibited a greater Treatment response
than those with TBI. While of interest, the finding should be
considered preliminary as, to our knowledge, this is only known

Frontiers in Neurology | www.frontiersin.org

July 2021 | Volume 12 | Article 651392


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

Connolly et al.

Predictors of Light Therapy Response

light therapy study to examine patients with two separate injury
types and given the heterogeneity in injury and the small sample
of stroke participants in the current study, the result should be
treated with caution until replicated. Unfortunately, our groups
were unbalanced (n = 16 in Treatment-Control and n = 8 in
Control-Treatment), which was due to the first two participants
not being randomized, as part of a pilot trial, and withdrawals
in the latter sequence. Increasing participant numbers in a larger
trial will assist in balancing these groups.

The trend toward reduced Treatment effect on fatigue in
those with higher baseline depressive symptoms is supported
by literature demonstrating decreased melatonin suppression
to light in those with current depression (50). The association
between a current depressive episode and reduced sensitivity
to light may mean that those with depressive symptoms might
experience reduced benefit from the alertness-enhancing effects
of light treatment. The causal mechanism for this hyposensitivity
to light is unknown.

Age significantly predicted change in productive activity levels
during Treatment, with younger individuals exhibiting a stronger
Treatment effect. It is plausible that younger individuals in our
sample had greater capacity for change in physical activity, as
they were possibly more mobile than older participants. Lam
also observed younger age to be significantly associated with a
better light treatment response on a measure of depression, in
a sample of individuals with SAD, with age accounting for 10%
of the variance in response (21). This relationship could also be
due to an increase in lens yellowing with age, which may reduce
the transmission of the alerting short-wavelength light during the
day (51), although the magnitude of this effect remains under
debate (52).

Although the current study examined a range of predictive
variables, there are likely to be other factors which may have
influenced response to the in-home light therapy in this study.
In a systematic review and meta-analysis on the effects of
light therapy on sleep problems, van Maanen et al. highlighted
that treatment characteristics may impact treatment response
including “number of treatment days, daily treatment duration
and intensity and spectral characteristics of light” [(31), p.
53]. They found treatment for insomnia to be significantly
moderated by light intensity, in that larger effects were found for
studies using higher light intensity. A study examining factors
predicting therapeutic outcomes with DSWPD also echoed
the sentiment that consistency in exposure is a key factor in
treatment efficacy. They found the number of light therapy
days using a light box predicted both earlier sleep onset and
earlier sleep offset, and emphasized the importance of daily
usage (18). The 8-week treatment duration was a strength in our
study design, as many outcomes appeared to show improvement
between Weeks 4 and 8. The use of the entire ambient day-
evening light environment as the therapeutic vehicle, rather
than limited exposure to a light box, was also a strength,
although the trade-off between these approaches remains to
be tested directly; is it better to have shorter-duration but
more controlled and higher intensity light box exposure in the
morning over fewer weeks, compared to “all-day” ambient but

less well-controlled exposure over a longer (life)time? Future
studies should examine the change in spectral characteristics
(e.g., melEDI) as a predictive factor of treatment response, and
even longer treatment durations given the passive nature of the
intervention and low patient burden.

Recent literature suggests there is significant variability in
light-induced melatonin suppression across individuals, with
some individuals reaching 50% suppression with exposure to
as little as 6 lux light stimuli, whilst others requiring up to
350 lux to achieve the same degree of suppression (53). With
these findings in mind, it is plausible that the current study’s
therapeutic conditions during daytime were not sufficiently
intense to adequately suppress melatonin for some participants,
or that individuals with greater sensitivity may have suffered from
over-exposure (and too much melatonin suppression) to light in
the evening. Measuring melatonin suppression may be a desirable
addition for future studies examining the efficacy of light therapy.

The current study examined factors associated with treatment
response in a pilot study of a novel home-based light therapy.
The results showed that chronotype was able to significantly
predict Treatment effect on sleep quality, injury type could
predict mean RT, and age could predict productive activity.
Specifically, evening chronotype, stroke injury, and younger
age were associated with greater treatment response. Whilst
there were no variables found to be significantly associated
with change in our primary outcome of fatigue, some variables
revealed promising effect sizes, including chronotype, eye color,
injury severity as measured by PTA, and baseline depressive
symptoms. A larger study including more stroke patients
and other predictive factors is warranted. The results of this
pilot study are encouraging in establishing a potential novel
therapeutic approach. Understanding potential factors that may
alter clinical outcomes is vital to understand the generalizability
of the treatment, and will enable clinicians to apply a more
targeted approach to prescribing light therapy and assessing
suitability on a range of patient factors that speak to the likelihood
of a positive treatment response.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Epworth HealthCare Human Research Ethics
Committee and Monash University Human Research Ethics
Committee. The patients/participants provided their written
informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

JP and GS contributed to the conception and design of the
study. LC performed the statistical analysis and wrote the first

Frontiers in Neurology | www.frontiersin.org

July 2021 | Volume 12 | Article 651392


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

Connolly et al.

Predictors of Light Therapy Response

draft of the manuscript. SL wrote sections of the manuscript. All
authors contributed to manuscript revision, read, and approved
the submitted version.

FUNDING

This work was supported by funding from The Summer
Foundation; Epworth  HealthCare; and a  National
Health and Research Council Early Career Fellowship
(APP1104692 to GS).

REFERENCES

1. Mollayeva T, Kendzerska T, Mollayeva S, Shapiro CM, Colantonio A, Cassidy
JD. A systematic review of fatigue in patients with traumatic brain injury: the
course, predictors and consequences. Neurosci Biobehav Rev. (2014) 47:684—
716. doi: 10.1016/j.neubiorev.2014.10.024

2. Mathias JL, Alvaro PK. Prevalence of sleep disturbances, disorders, and
problems following traumatic brain injury: a meta-analysis. Sleep Med. (2012)
13:898-905. doi: 10.1016/j.sleep.2012.04.006

3. Leppavuori A, Pohjasvaara T, Vataja R, Kaste M, Erkinjuntti T.
Insomnia in ischemic stroke patients. Cerebrovasc Dis. (2002)
14:90-7. doi: 10.1159/000064737

4. Duncan F Greig C, Lewis S, Dennis M, MacLullich A, Sharpe M, et al.
Clinically significant fatigue after stroke: a longitudinal cohort study. J
Psychosom Res. (2014) 77:368-73. doi: 10.1016/j.jpsychores.2014.06.013

5. Orff HJ, Ayalon L, Drummond SP. Traumatic brain injury and sleep
disturbance: a review of current research. ] Head Trauma Rehabil. (2009)
24:155-65. doi: 10.1097/HTR.0b013e3181a0b281

6. Terzoudi A, Vorvolakos T, Heliopoulos I, Livaditis M, Vadikolias K, Piperidou
H. Sleep architecture in stroke and relation to outcome. Eur Neurol. (2009)
61:16-22. doi: 10.1159/000165344

7. Ponchel A, Bombois S, Bordet R, Hénon H. Factors associated with
poststroke fatigue: a systematic review. Stroke Res (2015)
2015:347920. doi: 10.1155/2015/347920

8. Ponsford ], Schonberger M, Rajaratnam SM. A model of fatigue
following traumatic brain injury. J Head Trauma Rehabil. (2015)
30:277-82. doi: 10.1097/HTR.0000000000000049

9. Jha A, Weintraub A, Allshouse A, Morey C, Cusick C, Kittelson J, et al.
A randomized trial of modafinil for the treatment of fatigue and excessive
daytime sleepiness in individuals with chronic traumatic brain injury. J
Head Trauma Rehabil. (2008) 23:52-63. doi: 10.1097/01.HTR.0000308721.
77911.ea

10. Grima NA, Rajaratnam SMW, Mansfield D, Sletten TL, Spitz G,
Ponsford JL. Efficacy of melatonin for sleep disturbance following
traumatic brain injury: a randomised controlled trial. BMC Med. (2018)
16:8. doi: 10.1186/512916-017-0995-1

11. Kaiser PR, Valko PO, Werth E, Thomann J, Meier ], Stocker R, et al.
Modafinil ameliorates excessive daytime sleepiness after traumatic brain
injury. Neurology. (2010) 75:1780-5. doi: 10.1212/WNL.0b013e3181fd62a2

12. Sinclair KL, Ponsford JL, Taffe J, Lockley SW, Rajaratnam SM.
Randomized controlled trial of light therapy for fatigue following
traumatic ~ brain  injury.  Neurorehabil Repair.  (2014)
28:303-13. doi: 10.1177/1545968313508472

13. Raikes AC, Dailey NS, Shane BR, Forbeck B, Alkozei A, Killgore WDS. Daily
morning blue light therapy improves daytime sleepiness, sleep quality, and
quality of life following a mild traumatic brain injury. ] Head Trauma Rehabil.
(2020) 35:E405-21. doi: 10.1097/HTR.0000000000000579

14. Quera Salva MA, Azabou E, Hartley S, Sauvagnac R, Leotard A, Vaugier I,
et al. Blue-enriched white light therapy reduces fatigue in survivors of severe
traumatic brain injury: a randomized controlled trial. ] Head Trauma Rehabil.
(2020) 35:E78-85. doi: 10.1097/HTR.0000000000000500

15. West A, Jennum P, Simonsen SA, Sander B, Pavlova M, Iversen HK.
Impact of naturalistic lighting on hospitalized stroke patients in a

Treat.

Neural

ACKNOWLEDGMENTS

We thank the Monash Epworth Rehabilitation Research Centre
for assistance with participant recruitment.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2021.651392/full#supplementary-material

rehabilitation unit: design and measurement. Chronobiol Int. (2017) 34:687-
97. doi: 10.1080/07420528.2017.1314300

16. Killgore WDS, Vanuk JR, Shane BR, Weber M, Bajaj S. A randomized,
double-blind,  placebo-controlled trial of blue wavelength light
exposure on sleep and recovery of brain structure, function, and
cognition following mild traumatic brain injury. Neurobiol Dis. (2020)
134:104679. doi: 10.1016/j.nbd.2019.104679

17. Connolly LJ, Rajaratnam SMW, Murray JM, Spitz G, Lockley SW, Ponsford
JL. Home-based light therapy for fatigue following acquired brain injury: a
pilot randomized controlled trial. BMC Neurol. (2021) in press.

18. Danielsson K, Jansson-Frojmark M, Broman JE, Markstrom A. Light therapy
with scheduled rise times in young adults with delayed sleep phase disorder:
therapeutic outcomes and possible predictors. Behav Sleep Med. (2018)
16:325-36. doi: 10.1080/15402002.2016.1210150

19. Terman M, Amira L, Terman JS, Ross DC. Predictors of response and
nonresponse to light treatment for winter depression. Am J Psychiatry. (1996)
153:1423-9. doi: 10.1176/ajp.153.11.1423

20. Reichborn-Kjennerud T. Response to light therapy in seasonal affective
disorder: personality disorders and temperament as predictors of outcome.
J Affect Disord. (1996) 41:101-10. doi: 10.1016/S0165-0327(96)00076-6

21. Lam  RW. Morning light therapy for winter  depression:
predictors of response. Acta  Psychiatr  Scand. (1994) 89:97-
101. doi: 10.1111/j.1600-0447.1994.tb01494 x

22. Leppamaki S, Haukka ], Lonnqvist ], Partonen T. Drop-out and
mood improvement: a randomised controlled trial with light exposure
and physical exercise [ISRCTN36478292]. BMC Psychiatry. (2004)
4:22. doi: 10.1186/1471-244X-4-22

23. Chellappa SL, Steiner R, Oelhafen P, Cajochen C. Sex differences in light
sensitivity impact on brightness perception, vigilant attention and sleep in
humans. Sci Rep. (2017) 7:14215. doi: 10.1038/s41598-017-13973-1

24. Bajaj S, Dailey NS, Raikes AC, Vanuk JR, Grandner MA, Weber M,
et al. Impact of light therapy on brain structure and simple reaction
time following mild traumatic brain injury. Sleep. (2019) 42:A378-9.
doi: 10.1093/sleep/zsz067.939

25. Schretlen DJ, Shapiro AM. A quantitative review of the effects of traumatic
brain injury on cognitive functioning. Int Rev Psychiatry. (2003) 15:341-
9. doi: 10.1080/09540260310001606728

26. Dahm ], Ponsford J. Long-term employment outcomes following
traumatic brain injury and orthopaedic trauma: a ten-year prospective
study. J Rehabil Med. (2015) 47:932-40. doi: 10.2340/1650197
7-2016

27. Higuchi S, Motohashi Y, Ishibashi K, Maeda T. Influence of eye colors
of Caucasians and Asians on suppression of melatonin secretion by
light. Am ] Physiol Regul Integr Comp Physiol. (2007) 292:R2352-
6. doi: 10.1152/ajpregu.00355.2006

28. McGlashan EM, Nandam LS, Vidafar P, Mansfield DR, Rajaratnam SMW,
Cain SW. The SSRI citalopram increases the sensitivity of the human circadian
system to light in an acute dose. Psychopharmacology (Berl). (2018) 235:3201-
9. doi: 10.1007/s00213-018-5019-0

29. Kragh M, Larsen ER, Martiny K, Moller DN, Wihlborg CS, Lindhardt
T, et al. Predictors of response to combined wake and light therapy
in treatment-resistant inpatients with depression. Chronobiol Int. (2018)
35:1209-20. doi: 10.1080/07420528.2018.1468341

Frontiers in Neurology | www.frontiersin.org

July 2021 | Volume 12 | Article 651392


https://www.frontiersin.org/articles/10.3389/fneur.2021.651392/full#supplementary-material
https://doi.org/10.1016/j.neubiorev.2014.10.024
https://doi.org/10.1016/j.sleep.2012.04.006
https://doi.org/10.1159/000064737
https://doi.org/10.1016/j.jpsychores.2014.06.013
https://doi.org/10.1097/HTR.0b013e3181a0b281
https://doi.org/10.1159/000165344
https://doi.org/10.1155/2015/347920
https://doi.org/10.1097/HTR.0000000000000049
https://doi.org/10.1097/01.HTR.0000308721.77911.ea
https://doi.org/10.1186/s12916-017-0995-1
https://doi.org/10.1212/WNL.0b013e3181fd62a2
https://doi.org/10.1177/1545968313508472
https://doi.org/10.1097/HTR.0000000000000579
https://doi.org/10.1097/HTR.0000000000000500
https://doi.org/10.1080/07420528.2017.1314300
https://doi.org/10.1016/j.nbd.2019.104679
https://doi.org/10.1080/15402002.2016.1210150
https://doi.org/10.1176/ajp.153.11.1423
https://doi.org/10.1016/S0165-0327(96)00076-6
https://doi.org/10.1111/j.1600-0447.1994.tb01494.x
https://doi.org/10.1186/1471-244X-4-22
https://doi.org/10.1038/s41598-017-13973-1
https://doi.org/10.1093/sleep/zsz067.939
https://doi.org/10.1080/09540260310001606728
https://doi.org/10.2340/16501977-2016
https://doi.org/10.1152/ajpregu.00355.2006
https://doi.org/10.1007/s00213-018-5019-0
https://doi.org/10.1080/07420528.2018.1468341
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Connolly et al.

Predictors of Light Therapy Response

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Dallaspezia S, Suzuki M, Clara L, Colombo C, Benedetti F. Chronotype
influences response to antidepressant chronotherapeutics in bipolar
patients. Chronobiol Int. (2018) 35:1319-25. doi: 10.1080/07420528.2018.14
69034

van Maanen A, Meijer AM, van der Heijden KB, Oort FJ. The effects of light
therapy on sleep problems: a systematic review and meta-analysis. Sleep Med
Rev. (2016) 29:52-62. doi: 10.1016/j.smrv.2015.08.009

Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexible statistical
power analysis program for the social, behavioral, and biomedical
sciences. Behav Res Methods. (2007) 39:175-91. doi: 10.3758/BF03
193146

Cohen J. Statistical Power Analysis for the Behavioural Sciences. 2nd ed. New
York, NY: Academic Press (1988).

Krupp LB, LaRocca NG, Muir-Nash J, Steinberg AD. The
fatigue severity scale. Application to patients with multiple
sclerosis and systemic lupus erythematosus. Arch Neurol. (1989)

46:1121-3. doi: 10.1001/archneur.1989.00520460115022

Mendoza TR, Wang XS, Cleeland CS, Morrissey M, Johnson BA, Wendt JK,
et al. The rapid assessment of fatigue severity in cancer patients: use of the
Brief Fatigue Inventory. Cancer. (1999) 85:1186-96. doi: 10.1002/(SICI)1097-
0142(19990301)85:5<1186::AID-CNCR24>3.0.CO;2-N

Buysse DJ, Reynolds CF, III, Monk TH, Berman SR, Kupfer DJ. The
Pittsburgh sleep quality index: a new instrument for psychiatric practice
and research. Psychiatry Res. (1989) 28:193-213. doi: 10.1016/0165-1781(89)9
0047-4

Dinges DI, Powell JW. Microcomputer analysis of performance on a portable,
simple visual RT task sustained operations. Behav Res Methods Instrum
Comput. (1985) 17:652-5. doi: 10.3758/BF03200977

Johns MW. A new method for measuring daytime sleepiness: the Epworth
sleepiness scale. Sleep. (1991) 14:540-5. doi: 10.1093/sleep/14.6.540

Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta
Psychiatr Scand. (1983) 67:361-70. doi: 10.1111/j.1600-0447.1983.tb09716.x
Horne JA, Ostberg O. A self-assessment questionnaire to determine
morningness-eveningness in human circadian rhythms. Int J Chronobiol.
(1976) 4:97-110.

Fitzpatrick TB. The validity and practicality
skin  types 1 through VI Arch  Dermatol.
71. doi: 10.1001/archderm.1988.01670060015008
RStudio Team. RStudio: Integrated Development Environment for R. Boston,
MA: RStudio, PBC (2020).

Bates D, Machler M, Bolker B, Walker S. Fitting linear mixed-effects models
using Ime4. ] Stat Softw. (2012) 67:1-48. doi: 10.18637/jss.v067.i01
Dijk  DJ, Lockley SW. Integration of human
regulation and circadian rhythmicity. ] Appl
92:852-62. doi: 10.1152/japplphysiol.00924.2001

of
(1988)

sun-reactive
124:869-

sleep-wake
Physiol.  (2002)

Riiger M, St Hilaire MA, Brainard GC, Khalsa S-BS, Kronauer
RE, Crzeisler CA, et al. Human phase response curve to a
single 6.5h pulse of short-wavelength light. ] Physiol. (2013)

591:353-63. doi: 10.1113/jphysiol.2012.239046

Rahman SA, St Hilaire MA, Chang A-M, Santhi N, Dufty JE Kronauer RE,
et al. Circadian phase resetting by a single short-duration light exposure. JCI
Insight. (2017) 2:e89494. doi: 10.1172/jci.insight.89494

Chellappa SL, Steiner R, Blattner P, Oelhafen P, Gotz T, Cajochen
C. Non-visual effects of light on melatonin, alertness and cognitive
performance: can blue-enriched light keep us alert? PLoS ONE. (2011)
6:€16429. doi: 10.1371/journal.pone.0016429

Chellappa SL, Steiner R, Oelhafen P, Lang D, Gotz T, Krebs J, et al. Acute
exposure to evening blue-enriched light impacts on human sleep. J Sleep Res.
(2013) 22:573-80. doi: 10.1111/jsr.12050

49. IJspeert JK, de Waard PW, van den Berg TJ, de Jong PT.
The intraocular straylight function in 129 healthy volunteers;
dependence on angle, age and pigmentation. Vision Res. (1990)
30:699-707. doi: 10.1016/0042-6989(90)90096-4

McGlashan EM, Coleman MY, Vidafar P, Phillips AJK, Cain SW. Decreased
sensitivity of the circadian system to light in current, but not remitted
depression. ] Affect Disord. (2019) 256:386-92. doi: 10.1016/j.jad.2019.05.076
Sletten TL, Revell VL, Middleton B, Lederle KA, Skene DJ. Age-related
changes in acute and phase-advancing responses to monochromatic light. J
Biol Rhythms. (2009) 24:73-84. doi: 10.1177/0748730408328973

Najjar RP, Chiquet C, Teikari P, Cornut PL, Claustrat B, Denis P, et al. Aging of
non-visual spectral sensitivity to light in humans: compensatory mechanisms?
PLoS ONE. (2014) 9:85837. doi: 10.1371/journal.pone.0085837

Phillips AJK, Vidafar P, Burns AC, McGlashan EM, Anderson C, Rajaratnam
SMW, et al. High sensitivity and interindividual variability in the response of
the human circadian system to evening light. Proc Natl Acad Sci USA. (2019)
116:12019-24. doi: 10.1073/pnas.1901824116

50.

51.

52.

53.

Conflict of Interest: SR is the Program Leader for the CRC for Alertness, Safety
and Productivity, Australia; Director (now Chair) of the Sleep Health Foundation.
He has received grants from Vanda Pharmaceuticals, Philips Respironics,
Cephalon, Rio Tinto, BHP Billiton and Shell which are not related to this paper.
SR has received equipment support and consultancy fees through his institution
from Optalert, Compumedics, Teva Pharmaceuticals, and Circadian Therapeutics,
which are not related to this paper. SL has had a number of commercial interests
in the last 3 years (2018-20). His interests were reviewed and managed by
Brigham and Women’s Hospital and Partners HealthCare in accordance with
their conflict of interest policies. No interests are directly related to the research
or topic reported in this paper but, in the interests of full disclosure, are outlined
here. SL has received consulting fees from the BHP Billiton, EyeJust Inc., Noble
Insights, Rec Room, Six Senses, Stantec and Team C Racing; and has current
consulting contracts with Akili Interactive; Apex 2100 Ltd.; Consumer Sleep
Solutions; Headwaters Inc.; Hintsa Performance AG; KBR Wyle Service, Light
Cognitive; Lighting Science Group Corporation/HealthE; Look Optic; Mental
Workout/Timeshifter and View Inc. He has received honoraria and travel or
accommodation expenses from Emory University, Estée Lauder, Ineos, MIT,
Roxbury Latin School, and University of Toronto, and travel or accommodation
expenses (no honoraria) from IES, Mental Workout, Solemma, and Wiley; and
royalties from Oxford University Press. He holds equity in iSleep pty. He has
received an unrestricted equipment gift from F. Lux Software LLC, a fellowship
gift from Stockgrand Ltd. and holds an investigator-initiated grant from F.
Lux Software LLC and a Clinical Research Support Agreement with Vanda
Pharmaceuticals Inc. He is an unpaid Board Member of the Midwest Lighting
Institute (non-profit). He was a Program Leader for the CRC for Alertness, Safety
and Productivity, Australia, through an adjunct professor position at Monash
University (2015-2019). He has served as a paid expert in legal proceedings related
to light, sleep and health.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Copyright © 2021 Connolly, Rajaratnam, Spitz, Lockley and Ponsford. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Neurology | www.frontiersin.org

11

July 2021 | Volume 12 | Article 651392


https://doi.org/10.1080/07420528.2018.1469034
https://doi.org/10.1016/j.smrv.2015.08.009
https://doi.org/10.3758/BF03193146
https://doi.org/10.1001/archneur.1989.00520460115022
https://doi.org/10.1002/(SICI)1097-0142(19990301)85:5<1186::AID-CNCR24>3.0.CO;2-N
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.3758/BF03200977
https://doi.org/10.1093/sleep/14.6.540
https://doi.org/10.1111/j.1600-0447.1983.tb09716.x
https://doi.org/10.1001/archderm.1988.01670060015008
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1152/japplphysiol.00924.2001
https://doi.org/10.1113/jphysiol.2012.239046
https://doi.org/10.1172/jci.insight.89494
https://doi.org/10.1371/journal.pone.0016429
https://doi.org/10.1111/jsr.12050
https://doi.org/10.1016/0042-6989(90)90096-4
https://doi.org/10.1016/j.jad.2019.05.076
https://doi.org/10.1177/0748730408328973
https://doi.org/10.1371/journal.pone.0085837
https://doi.org/10.1073/pnas.1901824116
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Factors Associated With Response to Pilot Home-Based Light Therapy for Fatigue Following Traumatic Brain Injury and Stroke
	Introduction
	Method
	Trial Design
	Light Therapy Treatment
	RCT Protocol
	Participants
	Outcome Measures
	Primary Outcome
	Secondary Outcomes
	Predictor Variables

	Data Analysis

	Results
	Participants
	Factors Associated With Reduced Fatigue
	Predictors of Improved Sleep Quality
	Predictors of Reaction Time Response
	Predictors of Increase in Productivity Levels

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


