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Abstract

Purpose Cancer-related fatigue (CRF) is a common and
distressing symptom that can persist after cancer treatment
has concluded. Bright light therapy has shown preliminary
efficacy in reducing CRF, but its impact on other psychosocial
factors is unclear. The purpose was to examine the impact of a
I-month light therapy intervention on fatigue, mood, and
quality of life in cancer survivors with fatigue.

Methods This 4-week blinded randomized controlled trial re-
cruited cancer survivors who met diagnostic criteria for CRF.
Participants were randomly assigned to receive a light therapy
device that produced either bright white light (BWL; interven-
tion) or dim red light (DRL; active control). Participants were
instructed to use the device daily for 30 min upon waking for
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28 days. The primary outcome, fatigue, was assessed weekly.
Secondary outcomes assessed pre- and post-intervention in-
cluded mood, depressive symptoms, and quality of life.
Results A total of 81 participants were randomly assigned to
receive BWL (n = 42) or DRL (n = 39). Analyses revealed a
group-by-time interaction for fatigue (p = .034), wherein the
BWL condition reported a 17% greater reduction in fatigue
than those in the DRL condition (between group d = .30).
There were also significant improvements over time for both
groups on measures of mood, depressive symptoms, and qual-
ity of life (p’s < .01).

Conclusions BWL was associated with greater improvements
in fatigue and both groups displayed improvements on sec-
ondary psychosocial outcomes.

Implications for cancer survivors These findings, along with
previous reports of light therapy for CRF, support the use of
this intervention to improve fatigue in cancer survivors.

Keywords Cancer-related fatigue - Fatigue - Light therapy -
Cancer - Quality of life - Randomized controlled trial

Introduction

Cancer-related fatigue (CRF) is one of the most prevalent and
distressing symptoms that can occur after cancer treatment,
with up to one third of survivors affected [1]. It has been
defined as ““a distressing, persistent, subjective sense of phys-
ical, emotional, and/or cognitive tiredness or exhaustion relat-
ed to cancer or cancer treatment that is not proportional to
recent activity and interferes with usual functioning” [2]. At
present, education, physical activity, and psychosocial inter-
ventions (i.e., cognitive behavior therapy, mind-body inter-
ventions) represent the first line of treatment for CRF [3].
Yet, because of challenges and barriers to the uptake of these
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recommendations [4], CRF remains under-recognized and
under-treated [5, 6].

Bright light therapy is recommended for seasonal depres-
sion [7], and some mood [8] and sleep disorders [9]. A prima-
ry advantage of this treatment approach is that it is safe for
most patients, easy-to-access, and has relatively low behavior-
al demand compared with other non-pharmacological treat-
ments, such as exercise or cognitive-behavioral therapy [10,
11]. Specific to cancer, bright light therapy was shown to
prevent the worsening of fatigue during chemotherapy in a
randomized trial of women with breast cancer [12], and pre-
liminary efficacy for the improvement of fatigue was demon-
strated in a small sample of post-treatment survivors [13].
Although the mechanisms that underlie CRF are still being
investigated, it is likely a multi-factorial disorder that involves
interactions among treatment side effects, sleep problems, hor-
mone dysregulation, mood disturbance, and individual char-
acteristics [4, 14]. Given that circadian thythm dysregulation
may underlie several of these factors, it is possible that early
morning light exposure could target potential dysregulation in
this system to correct and strengthen the circadian rhythm
[15]. This correction may resynchronize biological and behav-
ioral outputs [16] to subsequently reduce symptoms, such as
fatigue.

While there has been some preliminary research, this is the
first rigorously designed and adequately powered study to
assess the impact of light therapy on CRF in a heterogeneous
sample of cancer survivors with clinical levels of fatigue. The
primary aim of this study was to assess the impact of a 4-week
intervention of early morning light exposure on symptoms of
CRF. The secondary aims were to investigate the impact of the
intervention on mood disturbance, depressive symptoms, and
quality of life. It was hypothesized that exposure to bright
white light (BWL; treatment condition) would produce greater
improvements on these outcomes when compared to dim red
light (DRL; active comparator).

Methods

A detailed outline of all study procedures for this trial are
presented in greater detail elsewhere [17] (Clinicaltrials.gov
NCTO01780623). Ethics approval was obtained from the
Conjoint Health Research Ethics Board of the University of
Calgary and all participants provided written informed
consent.

Participants

Participants were recruited from Calgary, Alberta, Canada and
surrounding areas. To control for the extreme seasonal chang-
es in the amount of daylight hours, participants were recruited
during the fall and winter months only. Adults with non-

metastatic cancers who completed cancer treatment(s) at least
3 months prior to enrollment were eligible. There were no
restrictions on the type, site, or stage (except for stage IV) of
cancer or types of cancer treatment(s) received. Participants
were required to meet the diagnostic criteria for CRF outlined
in the ICD-10 [18]. Individuals who were in remission but still
receiving ongoing maintenance treatments (i.e., hormonal or
targeted therapies) and/or using psychotropic medications
were eligible provided the dose of medication remained stable
in the previous 6 weeks. Individuals were ineligible if they
self-reported the presence of another sleep or psychiatric con-
dition (e.g., sleep apnea, bipolar disorder), medical conditions
associated with fatigue (e.g., anemia, heart failure, autoim-
mune disorder), eye disease, recent eye surgery, the use of
photosensitizing medications, pregnancy, or current employ-
ment requiring shift work.

Blinding and random assignment

Participants were told they would be randomly assigned to
receive one of two types of light devices. Prior to recruitment,
study identification numbers were assigned to either BWL or
DRL using a blocked randomized design (blocks of 4,6,8)
created by a computer program on a 1:1 allocation ratio. A
research assistant that was not directly involved in the study
used a predetermined randomization sequence to label each
light device with a study identification number prior to study
initiation. The light devices were then stored in non-
descriptive packaging to ensure that both investigators and
participants were blind to condition. Study identification num-
bers were assigned to eligible participants in the order of
enrollment.

Intervention

The light therapy device used in this study was the Litebook
Elite (The Litebook Company Ltd., Medicine Hat, AB). The
Litebook is a small (5 x 5 x 1 in) and lightweight (11 oz)
device that is designed to be placed 12-24 in from the user’s
face and offset at a 45° angle from the visual midline. The
BWL device contained 25 white light-emitting diode (LED)
lights that emitted white-blue light at 1250 Ix (~ 465 nm). An
identical device was used in the DRL condition but contained
25 red LEDs that emitted red light at < 400 1x (~ 633 nm). The
devices were programmed to turn off after 30-min of contin-
uous use. Participants were asked to use the device every
morning for 30-min, within 30-min of waking, for a period
of 4 weeks (28 days). Participants were blind to the study
hypotheses and were not informed of the specific details of
each intervention condition until they had completed all out-
come measures at the end of the trial.
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Procedure

Participants were screened for eligibility over the phone and
invited to meet with the researcher. After providing consent,
participants completed demographic and health history sur-
veys and a questionnaire package. They were given instruc-
tion on how to use the light therapy device, provided with a
device to take home, and instructed to use it daily for 4 weeks.
Participants were contacted weekly by phone to complete fa-
tigue assessments. Participants were encouraged to contact the
research assistant at any time if they had problems with their
assigned device, or if they experienced any adverse events
associated with its use. The weekly phone calls were also used
to check-in to ensure there were no issues. At the final ap-
pointment (i.e., the end of week 4), participants met with the
researcher to return the device and complete the questionnaire
package. Once all assessments were complete, participants
were informed of the study hypotheses.

Measures

Fatigue The Multidimensional Fatigue Symptom Inventory—
Short Form (MFSI-SF) [19] is a 30-item multidimensional
measure designed to assess the physical and psychological
aspects of fatigue. This questionnaire can be summed to ob-
tain a total score, and has five subscales: general, physical,
emotional, mental, and vigor. Higher scores indicate greater
fatigue, with the exception of vigor. The MFSI-SF has strong
psychometric properties, with a reported internal consistency
of 0.96 in a sample of cancer patients [19]. At present, there
are no reported clinical cut-offs or minimally clinically impor-
tant differences for symptomatology associated with this
scale. Fatigue was assessed using the MFSI-SF weekly either
in-person (baseline and week 4), or over the phone (weeks 1
through 3).

Mood disturbance The Profile of Mood States-Short Form
(POMS-SF) [20] is a 37-item measure that assesses six affec-
tive dimensions of mood. Higher scores on this measure indi-
cate greater mood disturbance. There are no reported clinical
cut-offs or minimally clinically important differences for
mood disturbance associated with this scale. The POMS-SF
has been validated in a sample of cancer patients, with a
Cronbach’s alpha of 0.91 [21]. This outcome was assessed at
baseline and post-intervention.

Symptoms of depression The Center for Epidemiological
Studies—Depression scale (CES-D) [22] is a 20-item measure
that was used to identify current depressive symptomatology
that may be related to major or clinical depression. Higher
scores on this measure indicate more severe depressive symp-
toms, and scores > 16 may be indicative of greater depressive
symptom severity [22]. This scale has been validated in cancer
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populations [23], and has a reported internal consistency of
0.85 in one study of women with breast cancer [24]. This
outcome was assessed at baseline and post-intervention.

Quality of life The Functional Assessment of Cancer
Therapy—General (FACT-G) [25] is a 27-item general quality
of life measure that contains questions specific to cancer, its
treatments, and symptoms. Better quality of life is indicated
by higher scores on this measure. The initial validation study
for this scale revealed a Cronbach’s alpha of 0.89 in a large
sample of patients with cancer [25]. A change of approximate-
ly 5-10% from baseline levels has been indicated as poten-
tially clinically meaningful [26]. This outcome was assessed at
baseline and post-intervention.

Credibility and expectancy The Credibility/Expectancy
Questionnaire (CEQ) [27] is a 6-item scale that can be divided
into two distinct factors and was used to assess participants’
attitudes toward the treatment’s credibility and expectancy for
improvement in symptoms. Higher scores are indicative of
greater credibility and expectation about the intervention.
Baseline assessments of this measure were collected.

Adherence Participants were asked to record their daily use of
the light device on a tracking sheet. The tracking sheet includ-
ed measures of (1) minutes between waking and turning on
the device, (2) minutes the device was used per day, (3) mi-
nutes spent away from the device while it was on, and (4)
activities engaged in while using the device. Each Litebook
was also modified to include an integrated logger device
(HOBO State Data Logger, Onset Computer Corporation,
Bourne, MA) that recorded the date and duration of use.

Sample size

To date, BWL has not been established as a superior interven-
tion other wavelengths of light, such as DRL, when ICD-10
CREF criteria were used to identify the sample or when the
MFSI-SF was used as the primary outcome of self-reported
fatigue. Additionally, no precedent has been set for the effec-
tiveness of BWL on measures of mood or quality of life in
post-treatment cancer survivors. For these reasons, an estimat-
ed medium effect size of 0.25, according to Cohen [28], was
used on the primary outcome (MFSI-SF). The required sam-
ple size was calculated to be 28 participants per group (56
total) to provide adequate power (80%) to detect a medium
effect on the primary outcome [29]. However, to examine the
secondary outcomes, an estimated 49 participants in each
group (98 total) was estimated to provide adequate power
(80%). An estimated attrition rate of 20% increased the total
number of participants required to 62 per group (124 total). A
more detailed sample size calculation can be found in the
published protocol [17].
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Statistical analyses

Frequencies and percentages were calculated for all categori-
cal demographic and medical history data, and Chi-square or
Fisher’s exact test were used to compare baseline differences
between groups. Means, standard deviations, and ranges were
calculated for all continuous demographic and medical history
data, and ¢ tests were used to compare baseline differences
between groups. Means and standard deviations were calcu-
lated for all adherence measures (i.e., data collected from light
use log and tracking device) and ¢ tests were used to compare
group differences on each adherence measure. Means and
standard deviations were calculated for baseline expectancy
and credibility. Correlation analyses were conducted using the
mean baseline credibility and expectancy scores and fatigue
change scores (MFSI-SF).

To assess the total score and subscales of primary outcome
of fatigue (MFSI-SF), linear mixed model (LMM) analysis
with random intercepts and slopes and time as a continuous
variable were used. In the model, random effects included
subject, intercept, and slope, and the fixed effects were time
(baseline, weeks 1 through 4), group (BWL or DRL), and the
group-by-time interaction, along with a priori covariates of
age, sex, time since last treatment, baseline depression score
(CES-D), and baseline credibility and expectancy (CEQ).
These variables were selected based on their previous associ-
ations with fatigue [30]. This resulted in a tightly controlled
model that would isolate the effects of the intervention itself
on the outcomes. The restricted maximum likelihood estimate
method was used to estimate the model parameters and stan-
dard errors. Missing data accounted for < 5% of the data.
Given that this type of modeling is robust to missing data
and that there were no significant differences between models
with and without imputation, no missing values were imputed.
The covariance structure was set to unstructured.

Generalized estimating equations were used to assess the
secondary outcomes of mood disturbance, depressive symp-
toms, and quality of life. For each model, the fixed effects
were time (baseline and week 4), group (BWL and DRL),
and the group-by-time interaction. Covariates were age, sex,
time since last treatment, and baseline score on the outcome
measure. The restricted maximum likelihood estimate method
was used to estimate the model parameters and standard er-
rors. Compound symmetry was used as the covariance
structure.

The significance level was set at p < .05, with the exception
of the subscales of the MFSI-SF (Bonferroni correction to
account for multiple comparisons, p < .01). Using the estimat-
ed marginal means and standard errors from the analysis out-
put, effect sizes (d) were calculated for each group from base-
line to post-intervention for most of the outcomes. Statistical
analyses were carried out using IBM SPSS v.24 (SPSS,
Chicago, IL).

Results
Participants

Between October 2013 to March 2014 and October 2014 to
March 2015, a total of 252 people were assessed for eligibility
and 81 participants were randomized. All 81 participants pro-
vided baseline data and initiated the intervention, but 2 with-
drew for reasons external to the study (i.e., family issues,
injury contraindicated to light use). All 81 participants were
included in the analyses. The participant flowchart is outlined
in Fig. 1, along with reasons for ineligibility, refusal, and
withdrawal. Table 1 outlines participant demographics and
disease characteristics.

Adherence

In total, 76 participants returned their light use tracking sheets
and 76 logger devices recorded complete data. Of the partic-
ipants with complete data, the light devices were used for an
average of 30 min per day (SD = 0.6), within 30 min of
waking (SD = 23.2), and for a total of 26.7 days (SD = 2.2;
Table 2). There were no significant differences between the
groups on any of the adherence outcomes, and no differences
between self-reported and logger-recorded use. Activities dur-
ing light use included reading, eating/drinking, computer use,
watching television, or sitting silently. No adverse events were
reported.

Primary outcome

The adjusted mean scores on the MFSI-SF for both groups at
each time point are reported in Table 3 and are represented
graphically in Fig. 2. The random intercept and slope LMM
analysis revealed a significant slope for the group-by-time
interaction, mean difference = —1.49, SE = 0.69, 95% CI
[-2.85, —.11], p = .034. That is, after adjusting for covariates,
participants in the BWL condition reported a 1.49-point great-
er reduction in MFSI-SF total score after each week of light
use than those in the DRL condition. This amounted to a 17%
greater reduction in fatigue among those in the BWL group
after 4 weeks, relative to those in the DRL group. Examination
of the adjusted means revealed that both groups improved
during the first 2 weeks of light use, but the BWL condition
continued to improve until the end of week 4, whereas the
DRL saw no further improvement after week 2. These im-
provements are quantified by large within-group effect sizes.
The between group effect size in fatigue total score at week 4
was d = .30, a small but significant effect. There were im-
provements on all MFSI-SF subscale scores (with the excep-
tion of the vigor subscale) over time for both groups (p’s <.01),
with no significant group differences or group-by-time inter-
actions (Table 3).
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Fig. 1 Participant flow through
study. BWL bright white light,
CRF cancer-related fatigue, DRL

Assessed for eligibility
(n=252)

dim red light

Excluded (n=171)

Did not meet criteria (n=104)
Too far to travel/out of city (n=18)
Not finished cancer treatment (n=13)
Metastatic or stage IV disease (n=15)
Sleep disorder (n=14)
Did not meet CREF criteria (n=12)
Multiple medical comorbidities (n=6)
Autoimmune disorder (n=5)
Anemia (n=5)
Heart condition (n=4)
Eye condition (n=4)
Recent medication changes (n=5)
Psychiatric condition (n=2)
Shiftwork (n=1)

Not interested or too busy (n=67)

A 4

A4

Randomized
(n=81)

A 4

\ 4

Allocated to BWL
(n=42)
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> Family issues (n=1) —>

Dropout (n=1)
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A\ 4
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Analyzed
(n=42)
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(n=39)

Secondary outcomes

Mood disturbance For the POMS total score, there was a
significant main effect of time (p < .001), with both groups
reporting improvements in mood disturbance from baseline to
post-intervention (Table 4). There were no differences be-
tween the groups.

Symptoms of depression For the CES-D total score, there
was a significant main effect of time (p < .001).
Specifically, both groups displayed decreases in depres-
sive symptoms over time (Table 4). It is of note that
both groups reported mean scores above the clinical cut-
off (> 16) [22] at the outset of the study and improved
to levels below the clinical cut-off (< 16) by the end of
week 4. At baseline, 27 of the 41 (66%) participants
assigned to receive the BWL intervention fell at or
above the clinical cut-off for this scale, and at the
post-intervention assessment, only 12 of the 40 com-
pleters (30%) met clinical criteria for significant
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symptomatology. At baseline, 15 of the 39 participants
(39%) assigned to the DRL intervention fell at or above
the clinical cut-off for this scale, and after the interven-
tion, only 6 of the 38 completers (16%) met clinical
criteria for significant symptomatology.

Quality of life Overall quality of life, as measured by the
FACT-G, improved for both groups from baseline to post-
treatment with no differences observed between groups
(p < .001; Table 4).

Credibility and expectancy Mean adjusted expectancy at
baseline was 17.50 (SD = 1.01) for BWL and 17.09
(SD = 1.01) for DRL. Mean adjusted credibility at baseline
was 20.37 (SD = .61) for BWL and 20.13 (SD = .61) for DRL.
Change in total fatigue score (MFSI-SF) from baseline to
post-intervention was not correlated with baseline expectancy,
r=—.113, p =.325, but was correlated with baseline credibil-
ity, r = =239, p = .034.
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Table 1 Demographics and
clinical characteristics of sample

Demographic or clinical BWL (n =42) DRL (n = 39) Total (N = 81)
characteristic
n % n % P n %
Sex .269
Women 38 90.5 32 82.1 70 86.4
Men 4 9.5 7 17.9 11 13.6
Race/ethnicity .624
White 39 92.9 37 94.9 76 93.8
Asian 2 4.8 52 4 5.0
First Nations 24 0 1 1.2
Marital status .041
Partnered 34 81.0 24 61.5 58 71.6
Single 6 14.3 6 154 12 14.8
Divorced 0 6 15.4 6 7.4
Widowed 4.8 7.7 5 6.2
Employment 276
Full-time 18 429 14 359 32 39.5
Part-time 8 19.0 4 10.3 12 14.8
Retired 9 214 16 41.0 25 309
Disability 6 14.3 7.7 9 11.1
Homemaker 1 24 5.1 3 3.7
Cancer type 826
Breast 28 66.7 23 59.0 51 63.0
Gynecological 6 14.3 4 10.3 10 12.3
Colorectal 5 11.9 5 12.8 10 12.3
Lung 1 24 3 7.7 4 4.9
Prostate 1 24 1 2.6 2 2.5
Other 1 24 3 7.7 4 4.9
Previous treatments
Surgery 40 95.2 36 92.3 .584 76 93.8
Chemotherapy 28 66.7 35 89.7 .013 63 77.8
Radiation 30 71.4 27 69.2 .829 57 70.4
Hormone therapy 14 333 14 35.9 .808 28 34.6
Current treatments
Hormonal 14 333 17 43.6 343 31 383
Antidepressants 11 26.2 11 28.2 .839 22 27.2
Hypnotic/Sedative 10 23.8 7 17.9 517 17 21.0
Mean SD Mean SD P Mean SD
Age, years 56.6 10.5 60.0 93 127 58.2 10.0
Range 30-81 41-76 30-81
Education, years 15.4 3.0 16.5 3.7 146 15.9 33
Range 9-20 12-28 9-28
Months since diagnosis 24.2 17.5 31.8 29.1 154 27.8 239
Range 6-102 11-162 6-162
Months since final tx 16.8 16.3 234 28.7 203 20.0 232
Range 4-94 3-160 3-160

BWL bright white light, DRL dim red light, #x treatment
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Table 2  Light device use by intervention group

BWL DRL Total
Mean (SD) Mean (SD) p  Mean (SD)
Tracking sheet n=39 n=37 N=76
Total time on (mins) 30.2(0.6) 30.1(0.7) .74 30.1(0.6)
Time to turn on (mins)  33.0 (26.3) 26.8 (19.3) .25 30.0 (23.2)
Time spent away (mins) 0.2 (0.4) 0.3 (0.7) .62 0.3(0.5)
Days used 26.6 (2.3) 269(2.0) .58 26.7(2.2)
Logger device n=41 n=35 N=76
Total time on (mins) 29.5(2.6) 292(24) .52 294(2.5)
Days used 264 (2.2) 269(@2.1) .34 266Q2.1)

BWL bright white light, DRL dim red light

Discussion

This study was a randomized controlled trial that examined
the use of light therapy in post-treatment cancer survivors who
met explicit clinical criteria for CRF. In general, the results
supported our hypothesis that a 1-month intervention of early
morning BWL would improve symptoms of fatigue in cancer
survivors relative to an active comparator (DRL). Even after
adjusting for important clinical covariates, participants in the

BWL condition experienced a 17% greater reduction in fa-
tigue, relative to those in the DRL condition, after only
4 weeks. These findings support the use of light therapy to
improve symptoms of CRF in cancer survivors.

With respect to the secondary outcomes, both groups
displayed improvements in mood disturbance, depressive
symptoms, and quality of life over time, reflected by large
effect sizes and for some outcomes, changes that could be
characterized as clinically meaningful. Contrary to our hy-
potheses, however, no significant differences were found be-
tween the groups on improvement on the secondary outcomes
of mood disturbance, depressive symptomatology, or quality
of life. The improvements in the DRL condition were unex-
pected, and though it is possible that these improvements were
due to real therapeutic effects of exposure to the DRL, the
improvements may also be a result of other factors, such as
change in daily routine, self-monitoring, placebo effects, or
the passage of time. Regardless, this interesting finding merits
follow-up research.

Importantly, the light therapy intervention was acceptable
to participants regardless of group assignment, as was evi-
denced by the high rates of adherence and low dropout rate.
The short duration of light use per day (i.e., 30 min) and short
intervention period (i.e., 28 days) may account for this, but it
may also be explained by other features of the design

Table 3 Adjusted means and

standard errors for MFSI-SF total Outcome  Assessment time Effect size
score and subscales (Cohen’s d)
Baseline Week 1 Week 2 Week 3 Week 4 _
EMM (SE) EMM (SE) EMM (SE) EMM (SE) EMM (SE) Baseline to
Week 4
Total score
BWL 29.43 (2.57) 21.91 (2.57) 15.70 (2.58) 12.86 (2.59) 9.48 (2.58) 1.20
DRL 29.28 (2.54) 19.48 (2.55) 15.61 (2.55) 14.98 (2.55) 14.45 (2.55) 0.93
General
BWL 14.10 (1.04) 12.08 (1.04) 10.52 (1.04) 8.84 (1.04) 7.65 (1.04) 0.96
DRL 15.08 (1.02) 13.12 (1.02) 11.46 (1.02) 10.75 (1.02) 10.23 (1.02) 0.76
Physical
BWL 8.06 (0.76) 7.23 (0.76) 5.84 (0.77) 5.18 (0.77) 4.22 (0.77) 0.77
DRL 7.44 (0.75) 6.39 (0.76) 5.92 (0.76) 5.28 (0.76) 5.02 (0.76) 0.51
Emotional
BWL 7.80 (0.73) 7.10 (0.73) 5.77(0.73) 5.32(0.74) 4.58 (0.73) 0.68
DRL 6.62 (0.72) 5.18 (0.72) 4.74 (0.72) 4.39(0.72) 4.57 (0.72) 0.46
Mental
BWL 8.33(0.78) 5.90 (0.78) 5.19 (0.79) 4.67 (0.79) 4.56 (0.79) 0.74
DRL 8.45(0.77) 6.02 (0.77) 5.65(0.77) 5.60 (0.77) 5.57(0.77) 0.60
Vigor
BWL 8.87 (0.74) 10.41 (0.74) 11.62 (0.74) 11.17 (0.75) 11.54 (0.74) —0.56
DRL 8.32(0.73) 11.24 (0.73) 12.16 (0.73) 11.04 (0.73) 10.94 (0.73) -0.57

BWL bright white light, DRL dim red light, EMM estimated marginal mean, MFSI-SF Multidimensional Fatigue
Symptom Inventory—Short Form, SE standard error
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Fig. 2 Adjusted means and
standard errors for mean MFSI-
SF total scores for BWL and DRL
from baseline to the end of the 4-
week light therapy intervention.
BWL bright white light, DRL dim
red light, MFSI-SF
Multidimensional Fatigue
Symptom Inventory—Short Form

Estimated Marginal Means
(MFSI-SF mean total score)
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including blinding, monitoring of device use, size and porta-
bility of device, and a motivated participant group who were
largely self-selected. Interestingly, there were no differences in
light use between groups. Given the high adherence rates,
high credibility ratings, the low cost (i.e., $109 CAD), and
ease of administration, there may be the potential for light
therapy to fill the current treatment gap that exists for CRF.
First, the improvements observed in this study resulted in
relatively large within-group effect sizes from baseline to
post-intervention on the measure of fatigue and the other psy-
chological outcomes. We propose that this intervention could
serve as a “booster” intervention to increase energy levels,
mood, motivation, or self-efficacy to manage symptoms of
fatigue in preparation to “step-up” to a more demanding but
efficacious treatment for fatigue, such as increased physical
activity. The implementation of light therapy as a starting
point to improved symptom management is conceivable given
that light therapy is a relatively easy-to-use and approachable

Table 4  Psychological outcomes using generalized estimating equations

Baseline

Week 2 Week 3 Week 4

Time

Week 1

option for individuals who may not have found symptom
improvement with other treatments, or who have yet to at-
tempt other treatment options as they may appear too difficult
or demanding.

This study is unique from previous research [13] in that it
examined the impact of the intervention on a multidimension-
al measure of fatigue to better understand the specific charac-
teristics of fatigue (e.g., mental, physical, emotional, etc.) that
may be impacted by this intervention. It also incorporated
measures of additional psychological symptoms and quality
of life to determine whether there may be additional benefits
associated with light therapy use. Overall, this study extends
previous research by examining the impact of the intervention
in a larger sample and supports the assertion that BWL therapy
helps to reduce subjective fatigue in post-treatment cancer
survivors.

This trial has several design features that strengthen our
conclusions. First, the sample we recruited was not limited

Outcome  Assessment time Effect size Generalized estimating equations (type III tests of fixed effects)
(Cohen’s d)
Baseline Week 4 Time effect Group effect Time-group interaction
EMM (SE) EMM (SE) Baseline to Week 4 F (df) p F (df) p F (df) p
POMS-SF
BWL 30.37(1.75)  9.47 (1.77) 1.83 121.12 (1,79.58) <.001  1.09 (1,75.68) .299  2.51(1,79.58) 117
DRL 29.34 (1.76)  13.70 (1.78)  1.42
CES-D
BWL 16.83 (.81) 10.74 (.82) 1.15 45.56 (1,79.53) <.001 .030(1,75.37) .864  .806 (1,79.53) 372
DRL 16.23 (.82) 11.57 (.82) 091
FACT-G
BWL 77.08 (1.03)  82.65(1.05) -0.84 29.79 (1,78.66) <.001 123 (1,75.25) 727 211 (1,78.66) .647
DRL 77.18 (1.03)  81.89(1.05) —0.72

BWL: n =42; DRL: n = 39; covariates include age, sex, time since last treatment, baseline score
BWL bright white light, CES-D Centre for Epidemiological Studies-Depression, DRL dim red light, FACT-G Functional Assessment of Cancer Therapy—

General, POMS-SF Profile of Mood States—Short Form
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by cancer type, stage, or previous cancer treatment(s) re-
ceived, increasing the generalizability of the findings.
Second, participants, researchers, and outcome assessors were
blind to group allocations and the randomization sequence
removing some of the potential bias from the measurement
of study outcomes and in the interactions with participants.
Third, participants were required to meet explicit clinical
criteria for CRF, ensuring the target symptoms were present
and at a level where change could be detected.

Although the trial was sufficiently powered for the primary
outcome, the analyses conducted on the secondary outcomes
were underpowered and may not provide a comprehensive
summary of the intervention’s true impact on these outcomes.
Additionally, although we were open to recruiting all-comers,
the final sample was relatively homogenous, consisting of
predominantly white women with a breast cancer diagnosis.
A more targeted recruitment strategy may be considered if
future research would like to examine between-person differ-
ences on demographic or cancer-specific variables. In this
study, we did not measure the long-term impact of the inter-
vention on any of the outcomes. Future research may consider
testing a longer intervention period and also incorporate
follow-up assessments to examine the durability of treatment
effects. The use of an active comparator provided a unique
exploration into the potential role of self-monitoring, placebo
effects, and change in routine. If a standard control were used
as the comparator (i.e., waitlist), it is unlikely that the influ-
ence of these extraneous variables would be apparent and the
true effects of the intervention unknown. Future research may
consider including a third usual care condition for reference or
as a natural history control.

Conclusion

Overall, these results support the use of light therapy for the
improvement of fatigue symptoms in those affected by cancer,
potentially providing another option for those who have not
experienced relief with other treatments.
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