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Abstract
Background: Fatigue is a common symptom in people with multiple sclerosis (pwMS) that significantly
impairs quality of life. Bright light therapy may be a cheap treatment option with little to no adverse events.
Objectives: To evaluate the effectiveness of bright light therapy as a treatment option for MS-related
fatigue.
Methods: This was randomized sham-controlled trial including 26 pwMS with a Fatigue Severity Scale
(FSS) Score ≥36. Participants were assigned to receive either bright white light therapy (n= 13) or dim
red light (sham-intervention; n= 13). Participants used the respective intervention for 30 min each
morning for two weeks, followed by a two-week washout period. The primary endpoint was the difference
in FSS scores following light treatment as calculated by analysis of covariance.
Results: There was no significant difference in FSS (F(1,23)= 2.39, p= .136, partial ⴄ2= .094). However,
FSS scores generally improved over the course of the study in a clinically relevant manner.
Conclusion: Bright light therapy decreased FSS scores over the course of this study. However, this effect
was not significant in comparison to a sham intervention.
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Introduction
People with multiple sclerosis (pwMS) frequently
report fatigue as their most disabling symptom, par-
ticularly as it affects several aspects of their lives.1,2

It interferes with the desire to be active during the
daytime and constrains them to reduce their level of
activity. Moreover, it can affect performance at
work and lead to premature retirement, occupation
loss, or lower income.3 Having a physical, mental,
and psychosocial component, treating the different
aspects of fatigue might require a customized
approach. So far, it is often treated off-label with med-
ications such as amantadine, modafinil, or methyl-
phenidate. The latest research, however, suggests
they are not more effective than a placebo while
causing more adverse effects.4

Physical exercise and cognitive behavioral therapy as
non-pharmacological interventions for fatigue have
been shown to be moderately effective, with little to
no adverse events.5,6 Bright light therapy (BLT) has
been discussed as another non-pharmacological treat-
ment to alleviate symptoms of MS-related fatigue7,8

and it has been shown to improve fatigue after a trau-
matic brain injury9 or cancer-related fatigue.10

Environmental light is known to be the strongest zeit-
geber for our biological clock, responsible to maintain
a circadian rhythm which in turn consolidates sleep and
wake periods.11 Beyond that, light also has acute alert-
ing effects, not only during the night by suppressing
melatonin secretion via the circadian system, but also
during daytime.12,13 The limbic system may play a
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relevant role in this context, along with the strength-
ened circadian rhythm.14 Fatigue has been shown to
correlate negatively with alertness.15 Exposure to
bright light for as short as 12 min already induces alert-
ness. In fact, research shows shorter periods of light
exposure (under 1 h) to be more efficient than long
continuous exposure, with a sustained positive effect
for several hours after exposure.16

BLT has previously been reported to significantly
improve fatigue in other conditions (e.g., traumatic
brain injury9 and cancer-related fatigue10). However,
underlying mechanisms of fatigue in general, and
MS fatigue specifically, are poorly understood.17

Furthermore, diagnostic tools do not distinguish
between primary, secondary, or comorbid fatigue.
Thus far, the fact that fatigue symptoms in some
studies did respond to BLT, may not apply to
MS-related fatigue.

To our knowledge, one randomized controlled trial
has investigated BLT in pwMS. This study demon-
strated some improvement in Fatigue Severity Scale
(FSS18) scores; however, this benefit occurred in the
control group as well, suggesting a relevant placebo
effect.8 The results from this study may have been
limited by (i) applying BLT twice a day, possibly
resulting in reduced sleepiness at night and (ii) the
fact that participants were not screened for primary
sleep disorders with the use of polysomnography
(PSG) and multiple sleep latency tests (MSLTs).

Since there is no agreement on the underlying mechan-
isms of fatigue within MS,19 much less across different
diseases,20 we need more MS-specific research on the
effects of BLT on fatigue. In this randomized-
controlled trial, we aimed to compare a BLT interven-
tion to a sham intervention to determine whether BLT
can also significantly improve MS-related fatigue.

Materials and methods

Participants
We enrolled pwMS fulfilling current McDonald cri-
teria21 regardless of their disease phenotype and
aged between 18 and 65 years. Recruitment took
place from December 2019 to October 2021 at the
outpatient clinic at the department of neurology,
Vienna General Hospital, and the MS Society of
Vienna (Multiple Sklerose Gesellschaft Wien).
Written informed consent was obtained. The study
was conducted according to the World Medical
Association Declaration of Helsinki, and the ethics
review board at the Medical University of Vienna

approved this study. All participants included in this
analysis fulfilled the following clinical criteria: (1)
FSS total score of 36 points or more22 (2) no MS
relapse or change in medications 4 weeks prior to
study enrollment or during participation, (3) neutral
or moderate chronotypes (Morningness-Eveningness-
Questionnaire D-MEQ23 score between 31 and 69
points), (4) absence of primary sleep disorders (peri-
odic limb movement disorder, sleep apnea, and narco-
lepsy), as determined by PSG and MSLT within two
weeks upon inclusion.

Study design
This was a double-blind, randomized sham-controlled
trial. Prior to recruitment, we used a randomizer
website (https://randomizer.org/; © 1997–2022 by
Geoffrey C. Urbaniak and Scott Plous) to randomly
assign each subject ID to either the bright white
light therapy (BWL) group or the dim red light
(DRL) group. The process of data collection is illu-
strated in Figure 1. Participants filled out the follow-
ing questionnaires as a part of this study: FSS,
Epworth Sleepiness Scale (ESS),24 Pittsburgh Sleep
Quality Index (PSQI),25 Beck Depression Inventory
(BDI),26 Beck Anxiety Inventory (BAI),27 Modified
Fatigue Impact Scale (MFIS),28 Multiple Sclerosis
Quality of Life (MSQOL-54),29 and D-MEQ.
Furthermore, participants provided sleep diaries with
daily entries throughout the study period (bedtime,
subjective sleep efficiency, subjective sleep onset
latency, and mood). Further, they recorded their
fatigue levels on a visual analogue scale (VAS),
ranging from not fatigued at all to very much fatigued,
four times every day (9 a.m., 1 p.m., 5 p.m., and 9
p.m.). Additionally, wrist-worn actigraphs recorded
movement every thirty seconds, day and night
during all six weeks. Finally, PSG and MSLT were
each recorded before and after the intervention.

Participants received a lightbox (SunBox® SunLight
Jr.®, The SunBox Company, Frederick, MD, USA),
with the instruction to use it every morning within
3 h of waking up for 30 min. They were instructed
to put it on the table in front of them, at a height
aligned with their eyes and at a distance of 30 cm,
at which 10 000 lux were achieved. Participants
were instructed to keep their eyes open during the
whole 30 min of light therapy. The light boxes were
identical in both groups, with the only difference
that we installed a filter that dimmed the light to
200 lux and tinted it red, prior to handing it over to
participants in the control group.
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Figure 1. Timeline of the BLT in MS-related fatigue trial. D-MEQ: morningness-eveningness questionnaire; FSS: fatigue
severity scale; ESS: Epworth sleepiness scale; PSQI: Pittsburgh sleep quality index; BDI: Beck depression inventory; BAI:
Beck anxiety inventory; MFIS: modified fatigue impact scale; MSQOL-54: multiple sclerosis quality of life; PSG:
polysomnography; MSLT: multiple sleep latency test; TAP: Testbatterie zur Aufmerksamkeitsprüfung.
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Outcome measures
Fatigue, as measured with the FSS with an expected
difference in means of 15 and an estimated standard
deviation of 15.2 (Cohen’s d= 0.99), is the main vari-
able. Based on this Cohen’s d and a desired statistical
power level of 0.8 and a probability level of 0.05, a
sample size of 18 per group was the aim.7 The
primary outcome measure was the FSS total score
after the intervention. With only nine items it is short
and quick to complete. The minimally important differ-
ence in the FSS total score is 4.05.30 The FSSmeasures
fatigue severity and based on current research, measur-
ing fatigue in severity, as opposed to dimensions,
depicts profiles of MS-related fatigue in a comprehen-
sive manner.31 The MFIS, on the other hand, measures
dimensions of fatigue and was a secondary outcome.
Also, mean values on a VAS that our patients filled
out four times every day were analyzed as a secondary
outcome. Additionally, actigraphy data were analyzed
for the “most 10 (M10) average,” that is the average
activity level count for the sequence of the 10 h of
highest activity level per 24 h.

Statistics
Statistical analyses were performed using SPSS 26.0
(SPSS Inc, Chicago, IL, USA). To test our main
hypothesis, we calculated analysis of covariances
with (ANCOVA) with the group (BLT or sham) as
the independent variable, the FSS score at the end
of the intervention period as the dependent variable,
and the FSS score at the end of the baseline period
as the covariate. We did this to factor out an improve-
ment that is solely based on the heightened awareness
of fatigue due to study participation that requires
monitoring fatigue levels and the anticipation of
improvement due to being enrolled in a study.

To analyze secondary outcomes (MFIS subscores,
mean VAS scores, BDI scores, and BAI scores), we
calculated student’s t-tests to compare scores pre-
and post-intervention, in both the active group and
in the control groups. Also, we correlated M10
daytime activity with FSS total scores and calculated
student’s t-tests to compare the active group with the
control group regarding the change in M10 between
baseline in intervention.

All multiple analyses were Bonferroni-corrected. A
value of p< .05 was considered statistically significant.

Results
Initially, we enrolled 39 participants, three volunteers
dropped out prematurely, three were excluded due to
periodic limb movement disorder, two did not meet

our chronotype criterium, three did not meet the
FSS cut-off, one was excluded because of technical
errors during PSG and one outlier was excluded.
The extreme outlier that was excluded was concern-
ing FSS scores after baseline, which was detected
using a boxplot, with an FSS score of 26 when the
mean of the sample was M= 46.26± 8.46. 26 (age
M= 43± 11.17; 22 female, 4 male) participants
were included in the final analyses. Their clinical
characteristics were distributed equally between
the two intervention groups (Table 1). Median
Expanded Disability Status Scale (EDSS) scores
were Mdn= 3 for the whole sample, Mdn= 2 in the
BWL group, and Mdn= 3.5 in the DRL group.
Regarding the subtypes, 10 were diagnosed with
RRMS, and three were diagnosed with SPMS in the
BWL group. In the DRL group, eight were diagnosed
with RRMS, four were diagnosed with SPMS, and
one was diagnosed with PPMS.

As depicted in Figure 2, FSS scores change over the
course of the study in both groups. In the BWL
group, FSS scores at enrollment are M= 48.92±
5.3 and M= 46.08± 7.11 after the two-week base-
line. It then drops to M= 39.62± 11.25 after the
intervention. This difference in total scores exceeded
the minimally important difference30 of 4.05. Then,
it goes back up to M= 44.42± 8,71 after the
washout. In the DRL group, FSS scores at enroll-
ment are M= 50.46± 8.58 and M= 48± 8.19 after
the two-week baseline. It then only drops to M=
46.08± 7.74 after the sham-intervention, which
does not exceed the minimally important difference
of 4.05, before it drops further to M= 41.15± 12.9
after the washout. However, when comparing the
BWL with the DRL group concerning FSS total
scores after the intervention and controlling for
FSS scores at baseline, ANCOVA revealed no sig-
nificant difference between groups (F(1,23)= 2.39,
p= .136, partial ⴄ2= .094).

Regarding our secondary outcome, the exploratory
analysis revealed no significant difference in mean
VAS scores during baseline versus intervention in
either group (BWL t(11)= 1.98, p= .074; DRL
t(11)= 0.64, p= .533). MFIS total scores improved
in the BWL group only (BWL t(11)= 2.31, p= .041;
DRL t(12)= 1.69, p= .116). Specifically, scores in
the physical subscale (t(11)= 2.24, p= .035) and in
the cognitive subscale (t(11)= 2.71, p= .02) improved
in the BWL group. However, MFIS scores after the
intervention did not significantly differ in both study
groups (t(23)= 1.203, p= .241). Further, analyses of
daytime activity levels (actigraphy M 10) did not
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correlate with FSS Scores (r= .26, p= .195). Also,
when comparing the active group with the control
group regarding the change in M10 between baseline
in intervention, there was no significant group differ-
ence (t(24)=−1.01, p= .322). When comparing ques-
tionnaire scores (ESS, PSQI, BDI, and BAI) after the

intervention period, there were significant differences
between the groups only concerning ESS (see Table 2).

Discussion
We aimed to study the effect of BWL on fatigue
severity in pwMS. While we found a clinically

Table 1. Demographics and scores of subjects according to treatment group. Age in years, BWL: bright white
light; DRL: dim red light; FSS: fatigue severity scale; ESS: Epworth sleepiness scale; PSQI: Pittsburgh sleep
quality index, BDI: Beck depression inventory, BAI: Beck anxiety inventory, MFIS: modified fatigue impact
scale.

Variable
BWL group
(n= 13)

DRL group
(n= 13) p-value

Sex (number of female participants) 10 12 .3
EDSS (median) 2 3.5 .08
Age (mean± standard deviation) 42.5± 13.4 43.4± 8.9 .85
Years since diagnosis (mean± standard deviation) 10.3± 11.2 14.8± 7.1 .25
FSS (mean± standard deviation) 48.9± 5.3 50.5± 8.6 .59
ESS (mean± standard deviation) 11.2± 3.2 12.9± 2.9 .2
PSQI (mean± standard deviation) 7.9± 2.7 7.7± 4.2 .88
BDI (mean± standard deviation) 18.1± 11.9 12.9± 7.8 .2
BAI (mean± standard deviation) 14.4± 10.6 14.5± 8.9 .98
MFIS (mean± standard deviation) 43± 14.9 45.6± 14.5 .66

Figure 2. Mean FSS scores according to time point and treatment group; error bars indicate ±2SD. BWL: bright white light;
DRL: dim red light; FSS: fatigue severity scale.

Table 2. Scores in the questionnaires after the intervention according to treatment group. BWL: bright white
light; DRL: dim red light; ESS: Epworth sleepiness scale; PSQI: Pittsburgh sleep quality index; BDI: Beck
depression inventory; BAI: Beck anxiety inventory.

Variable BWL group (n= 13) DRL group (n= 13) p-value

ESS post-intervention (mean± standard deviation) 8.9± 4 12± 3.1 .038
PSQI post-intervention (mean± standard
deviation)

6.4± 2.3 7.3± 3.3 .436

BDI post-intervention (mean± standard deviation) 15.1± 12.1 9.3± 9.1 .188
BAI post-intervention (mean± standard deviation) 12.2± 11.9 10.4± 7.3 .654
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relevant decrease in fatigue severity in the BWL
group simultaneously with the intervention, this
effect was not significant in comparison to our sham
group receiving DRL. We report that no participants
had complaints of adverse events or discontinued
the intervention prematurely in neither group.

To our knowledge, this study is the first study on
BLT in MS-related fatigue to conduct PSG and
MSLTs to exclude primary sleep disorders as under-
lying causes of secondary fatigue. We believe this
enabled a more homogenous sample in terms of
pathophysiology. Further, we report a decrease in
fatigue levels following BLT that is clinically rele-
vant, as it exceeds the minimal clinically meaningful
difference.

The exact pathophysiological and cognitive mechan-
isms of MS fatigue remain elusive19 and placebo
effects are reported in pharmacological4 as well as
non-pharmacological trials.8 Utilizing the placebo
effect poses less of an ethical problem32 in non-
pharmacological treatment options, like BLT, since
they have no relevant side effects. It is worth noting
that the timepoint of decreased fatigue levels in the
group that received a sham intervention is not concurrent
to the timepoint of the two week-intervention, while in
the group receiving BLT, fatigue improved simultan-
eously with the two-week intervention period (see
Figure 2).

Our study had some limitations. First, our sample
size was considerably small. In our case, the main
reason for slow recruitment was our elaborate
study design which included in-person visits to
our outpatient clinic, and rigorous sleep analysis
(PSG and MSLT) and filling out protocols up to
four times a day for six weeks. Hence, participation
may not have been feasible or attractive for a rele-
vant amount of pwMS. Further, we started recruit-
ing less than three months before our country
issued the first COVID-19 lockdown severely
affecting our capacity to recruit patients. We also
believe the current pandemic also diminished the
therapeutic effect of BLT itself. Studies on the
impact of the COVID-19 pandemic on pwMS
revealed a greater personal impact of fatigue,
decreased sleep quality, and poorer mental health.33,34

Another limitation of our study is that exposure to
natural light varies across the four seasons and we did
not ask our participants to monitor their time spent
outside. Light intensity in an everyday indoor environ-
ment is 50–200 lux in a living room or 300–500 lux
in an office. In contrast, bright light therapy lamps

usually provide 5 000–10 000 lux35 and natural daylight
ranges from 10 000 lux on cloudy days to up to 100 000
lux on days with clear skies.

While failing to demonstrate an effect of BWL that goes
beyond that of a placebo effect, our results are in agree-
ment with the favorable impact of BWL on MS-fatigue
reported.8 Future studies should include a larger sample
and could benefit from monitoring environmental light
exposure. This could help determine whether bright
light is effective to counteract MS-related fatigue. Our
study included an analysis of daytime activity levels in
an effort to have an objective marker of decreased activ-
ity resulting from fatigue. However, in accordance with
another study,36 fatigue and daytime activity levels in
our study did not correlate either. The fact that the sub-
jective complex symptom “fatigue” did not correlate
with daytime activity in our study emphasizes the
need for good and validated fatigue scales in future
research to objectify a possible therapeutic effect of
BLT. Since mean M10 over the course of two weeks
did not correlate with fatigue levels, a more detailed ana-
lysis of smaller time frames of actigraphy data could
also shine a light on a possible real-time connection
between fatigue levels and physical activity.

Conclusion
In our sample, bright light therapy decreased FSS
scores. However, this effect was not significant in
comparison to a sham intervention.

This study was registered with clinicaltrials.gov
(NCT04681586).
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