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Abstract

Background: Seasonal affective disorder (SAD) is common and debilitating. The
standard of care includes light therapy provided by a light box; however, this
treatment is restrictive and only moderately effective. Advances in LED technology
enable lighting solutions that emit vastly more light than traditional light boxes. Here,
we assess the feasibility of BROAD (Bright, whole-ROom, All-Day) light therapy and
get a first estimate for its potential effectiveness.

Methods: Patients were randomly assigned to a treatment for 4 weeks; either a very
brightly illuminated room in their home for at least 6 h per day (BROAD light
therapy) or 30 min in front of a standard 10,000 lux SAD light box. Feasibility was
assessed by monitoring recruitment, adherence, and side effects. SAD symptoms
were measured at baseline and after 2 and 4 weeks, with the Hamilton Depression
Rating Scale-Seasonal Affective Disorders 29-items, self-report version.

Results: All 62 patients who started treatment were available at 4-week follow-up
and no significant adverse effects were reported. SAD symptoms of both groups
improved similarly and considerably, in line with previous results. Exploratory
analyses indicate that a higher illuminance (lux) is associated with a larger symptom
improvement in the BROAD light therapy group.

Conclusions: BROAD light therapy is feasible and seems similarly effective as the
standard of care while not confining the participants to 30 min in front of a light box.
In follow-up trials, BROAD light therapy could be modified for increased illuminance,

which would likely improve its effectiveness.
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1 | INTRODUCTION

Becoming depressed every winter is a common and debilitating
experience. Standard light therapy is time-intensive for the patients
and only moderately effective. Is the “dose of light” used in the
standard therapy simply too low?

Seasonal affective disorder (SAD) is a seasonal pattern of
recurrent major depressive episodes that most commonly occurs
during autumn or winter with full remission during spring and
summer (Rosenthal et al, 1984). SAD is thought to be caused
primarily by a lack of daylight (Levitan, 2007); The prevalence of SAD
based on diagnostic interviews is estimated to be, for example, 2.9%
in Toronto, Canada (Levitt et al., 2000), 2.4% in North Wales
(Michalak et al., 2001), 3.4% in Zurich, Switzerland (Wirz-Justice
et al,, 2019), and 0.4% in the contiguous United States (i.e., excluding
among other places, Alaska; Blazer et al., 1998).

Light therapy is one of the most commonly recommended
treatments for SAD (Anderson et al., 2008; Bauer et al., 2013;
Gelenberg et al., 2010; Kurlansik & Ibay, 2012; Martensson
et al., 2015; Praschak-Rieder & Willeit, 2003; Ravindran et al., 2009;
Terman & Terman, 2005). For a short overview of the neurobiological
effects of light therapy against SAD see Pjrek et al. (2020). Light
therapy is usually provided by sitting in front of a light box for 30 min
in the morning, restricting the number of activities during this time.
This proof of concept trial introduces a new light therapy that
enables patients to go about their daily activities during treatment.

Meta-analyses showed that the standard treatment regimen is
only moderately effective (Golden et al, 2005; Martensson
et al., 2015; Pjrek et al., 2020). Since SAD patients remit in summer,
the reason why the current treatment is not fully effective might be
that it differs too much from summer light. The new light therapy in
this trial is more similar to summer than standard light therapy in
several ways.

Currently, relevant guidelines and light therapy lamp manufac-
turers recommend light therapy that has the following characteristics
(Kurlansik & Ibay, 2012; MayoClinic, 2017; National Health Ser-
vice, 2018; National Institute of Mental Health, 20-MH-8138;
Philips, 2018):

e Light emitted by a SAD therapy lamp, which usually provides
10,000 lux at 20 cm distance to the eyes and only covers a small
area of the visual field.

e Exposure for 30 min per day, preferably in the morning.

Alternative recommendations are 5000 lux for 1 h and 2500 lux
for 2 h.

In contrast, consider the characteristics of natural sunlight on a
summer's day:

e Homogeneous illumination: The environment is much more evenly
lit, bright light reaches the eye from all of the visual field. It might
be beneficial to have the whole visual field illuminated and not just
the small area covered by a light box.

o Duration: People are exposed to bright illuminance for many hours
of the day (Li et al., 2010; Matour et al., 2017).

o [lluminance: Sunlight in summer has an illuminance of up to 25,000
lux in the shadow? (Li et al., 2010; Matour et al., 2017).

Assuming that patients keep the correct distance from the lamps,
the standard recommended light therapy broadly meets the illumi-
nance (lux) of natural lighting on a summer's day. However, it covers
only a small part of the visual field, and the duration is short. We
aimed to make light therapy more similar to summer lighting by using
“more light"—bright light that covers the whole visual field for many
hours. We term this experimental treatment BROAD (Bright, whole-
ROom, All-Day) light therapy.

Indeed, there are online reports from patients suffering from
SAD, who have experimented with such solutions and have reported
that they found them much more effective than the standard SAD
light box.2 We interviewed several of these patients, and their
experiences directly informed the experimental treatment we
evaluated in the trial. The setup for BROAD light therapy, as
evaluated in this trial, costs around 350 euros and consists of a
socket cord with up to 70 very bright LED light bulbs, which
participants installed in a room in their home where they spent at
least 6 h per day (Figure 1).

BROAD light therapy is related to an existing treatment in the
literature—light room therapy, that is, bright light that covers the
whole visual field, but which is clinic-based and with shorter
treatment durations. Light rooms have been studied for the
treatment of SAD, with promising initial results. Six studies on light
room therapy against SAD and six studies on light room therapy
against other disorders found many positive psychological and
neurological effects (Canazei et al., 2017; Kripke et al., 1983, 1992;
Partonen et al., 1992, 1993; Rastad et al., 2008, 2011, 2017; Stain-
Malmgren et al., 1998; Thalén et al., 1995; Van Someren et al., 1997;
Wirz-Justice et al., 1999). These studies gave patients exposure for
up to 3 h with illuminance ranging from 1100 to 4300 lux (Canazei
et al., 2017; Kripke et al., 1983, 1992; Rastad et al., 2008, 2011, 2017;
Stain-Malmgren et al., 1998; Thalén et al., 1995; Van Someren
et al., 1997; Wirz-Justice et al, 1999). No study compared the
efficacy of a light room against the more common SAD light box
treatment. In all these previous studies, the patients had to travel to a
central location, usually a clinic, to spend time in a light room
specifically installed for this purpose. In contrast, we brightly
illuminated a room in the patient's home for 6 or more hours per
day while they went about their daily activities. This new treatment is
cheaper, more convenient for the patients, and enables longer

exposure times.

1Due to their position in the eye socket, the eye balls are usually in the shadow. On surfaces
with direct sun exposure, much higher illuminances of more than 100,000 lux are reached
during the summer (Li et al., 2010; Matour et al., 2017).

2Example from a SAD patient: https://meaningness.com/metablog/sad-light-led-lux.
Example from a healthy person: https://www.benkuhn.net/lux/
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FIGURE 1 Example BROAD light therapy setup. Participants
were provided with one or two such socket cords, a total of 40-70
bright LED light bulbs, and materials to attach them to their room.
Only a fraction of the bulbs is shown in this picture. While it is hard to
capture on camera, the BROAD setup results in very brightly
illuminated rooms.

BROAD light therapy seems like a fairly natural extension of light
room therapy, so one might ask why it has not been studied before.
We think this might be due to past technical constraints. Producing
bright light was much harder and more expensive in the past, which
made the treatment tested in this trial prohibitively expensive.
However, recent advances in LED technology enable affordable and
powerful lighting solutions.

Developing less restrictive forms of light therapy is valuable. In
addition, we hypothesize that BROAD light therapy can be made
more effective at treating SAD than a SAD light box. Should our
hypothesis be confirmed by our proof of concept trial or further
follow-up trials, these findings would have the potential to
revolutionize SAD therapy and reduce the symptom severity of
millions of patients worldwide. The changes to clinical practice would
be straightforward to implement: Physicians could simply recom-
mend different lighting solutions to their patients. In this proof of
concept trial, we aimed to explore the feasibility and acceptance of
BROAD light therapy, get a first estimate for its potential effect to
inform whether larger follow-up trials are warranted, and explore
how our concrete implementation of BROAD light therapy can be

improved.

2 | METHODS

This is a short summary of the study design and protocol. Further
details on all sections can be found in the Supporting Information:

Appendix.

2.1 | Study design

We did a randomized, partially blind (see section on blinding), parallel-
group, proof of concept trial with a primary endpoint at 4 weeks from
randomization. The trial evaluated a BROAD light therapy compared
with an active control—the standard of care (a SAD light box). The
trial design and participant flow are summarized in Figure 2. The trial

was prospectively registered (drks.de identifier: DRKS00023075;
https://osf.io/ndjm4/) and ethical approval was obtained from the
ethics committee of Witten/Herdecke University (184/2020). Apart
from telephone calls and the intervention itself, all aspects of the
study, including screening, consent, diagnosis video calls, treatment
allocation, and symptom assessment were conducted online. Parti-

cipants received the lamps via mail and set them up at home.

2.2 | Participants

Participants were recruited through general practitioners, clinics, and
social media between 29/09/2020 and 29/01/2021 and treated
between 17/11/2020 and 17/03/2021. A screening questionnaire
briefly assessed if the eligibility criteria were met. Participants who
met these criteria received the Hamilton Depression Rating Scale-
Seasonal Affective Disorders 29-items Version, self-report version
(SIGH-SAD-SR) to assess their SAD symptom severity for screening
and randomization purposes. If participants’ symptoms were not yet
severe enough, they were asked to answer the screening SIGH-SAD-
SR again if they started to feel more depressed.

Participants were 18 years or older with a diagnosis of “major
depressive disorder (recurrent episode) with a winter seasonal
pattern,” as assessed by a structured clinical interview based on the
DSM-5 (American Psychiatric Association, 2013), which was con-
ducted by psychologists in a video call. Patients were eligible to
participate in the trial if they were at home for at least 6 h in morning
and afternoon (before 19:00), on at least 5 days per week. Exclusion
criteria included a history of manic episodes, light therapy in the
previous 4 months, and recent changes in antidepressant medication
(see Supporting Information: Appendix for full list).

At first, the screening information participants received did not
adequately convey that they might have to put a long socket cord
into their room, which led to some participants in the BROAD light
therapy group withdrawing before starting the treatment. After we
adjusted the recruitment and screening material, there were no more

withdrawals.
2.3 | Interventions
2.3.1 | Active control group

The active control group received a commercially available SAD light
box with a color temperature of 6500K and a color rendering index of
80 which provided 10,000 lux at 20 cm. With greater distance, the
illuminance rapidly declined. The lamps were purchased from various
manufacturers according to availability and were most commonly the
Beurer TL 41 or equivalent lamps. Participants were asked to sit in
front of this lamp in the morning at an eye distance of 20 cm while
reading or having breakfast. They were asked not to look directly into
it apart from occasional squints. The treatment duration was 30min at
least 5 days a week for at least 4 weeks.


https://osf.io/ndjm4/
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FIGURE 2 Participant flow through the study

2.3.2 | Intervention group

There were two BROAD light therapy conditions: a warm condition
with a color temperature of 4000K and a cold condition with a color
temperature of 6000K. Both had a color rendering index of 80-90.
We included these two versions to investigate if there were large
differences between them in how acceptable BROAD light therapy is
to patients, as warm light is sometimes perceived as more
comfortable.

The light in the BROAD light therapy was provided by one or two
10- to 20-m-long socket cords with 20-40 light bulbs each (see
Figure 1). The light emitted in the cold condition was 72,000 lumens
and 102,240 lumens in the warm condition, so the amount of blue
light was the same in both. This is important because blue light is
hypothesized to be the effective wavelength in SAD treatment
(Strong et al., 2009). The mean illuminance at eye level when sitting
was 1433 lux (minimum 550 lux, maximum 4061 lux) in the cold light
condition and 1829 lux (minimum 500 lux, maximum 6800 lux) in the
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warm light condition, as measured by the participants with a
smartphone app. Despite the BROAD light therapy bulbs emitting
vastly more light than the light box (72,000-102,000 vs. 850-1530
lumens), the average amount of light that reached the eye at any
given point in time (illuminance) was lower for the BROAD light
therapy than the light boxes (1433-1829 vs 10,000 lux). This was
because the light bulbs in the BROAD light therapy setup were much
further away from the eyes than the SAD light box (20 cm). The larger
distance had the advantage that patients were able to go about their
daily activities, enabling a longer treatment duration and more overall
illuminance (lux) over time. The treatment duration was at least 6 h on
at least 5 days a week for at least 4 weeks. Participants had the
option to diffuse the light with paper lanterns but only very few

participants chose to do this.

2.3.3 | Similarity of treatment groups
Apart from the inevitable differences in the nature of the treatments,
the treatment groups were made as similar as possible, receiving the

same questionnaires, checks on the setup, and reminders.

24 | Outcomes
To determine the feasibility of a larger study, we assessed
recruitment, adherence, side effects, and participant feedback.

To get a first estimate of potential effectiveness, we had one
preregistered primary outcome: Difference in SAD symptom severity
between baseline and after 4 weeks of treatment. This outcome was
recorded online using the Hamilton Depression Rating Scale-Seasonal
Affective Disorders 29-items Version, self-report version (SIGH-
SAD-SR) (Terman & White, 2008). Our three preregistered secondary
outcomes were the difference in SAD symptom severity between
baseline and after 2 weeks of treatment; and the fraction of patients
in remission after 2 and 4 weeks.

2.5 | Randomization and blinding
Patients were randomly assigned (1:1:2) to receive either warm white
(4000K) or cold white (6000K) BROAD light therapy or the active
control procedure. Randomization was performed using a computer-
generated list, in blocks of four and eight participants and in three
screening symptom severity strata (SIGH-SAD score < 19, 20-29, and
>30) by the senior author, who did not have contact with or
knowledge of participants. The senior author received an email with
the participant code and symptom severity and emailed back the
allocation.

Apart from occasional corrections to the setup of the lamps and
answers to participants’ questions, unblinded personnel did not
interact with participants. In particular, the outcome surveys were

online and included no interaction with the study personnel.

Participants did not know which treatment was the active control
group nor what all the treatment options were. Participants did not
know that there were three groups, or what the difference in
treatment between the groups was. However, the lamps provided in
the different groups looked different.

2.6 | Statistical analysis
The feasibility outcomes were reported descriptively and narratively.
In accordance with the CONSORT guideline on pilot and feasibility
trials (Eldridge et al., 2016), for the clinical primary and secondary
endpoints, we report only descriptive statistics: mean (standard
deviation) for continuous outcomes and raw count (%) for categorical
outcomes. In an exploratory fashion, we additionally report descrip-
tives of the primary endpoint adjusted for confounders (for details
see Supporting Information: Appendix). In addition, we performed
exploratory Pearson correlations between illuminance in the BROAD
light therapy condition and the primary endpoint and between
measures of adherence and the primary endpoint. The significance
level for these tests of correlation was p <.05.

We would have included participants who had dropped out after
starting the treatment, but there were none.

3 | RESULTS

We analyzed all 62 patients who started the treatment. For
participant characteristics, see Table 1.

3.1 | Feasibility

The recruitment of participants went better than according to plan.
The process we had set up to run the study worked and we see no
obstacle here for a larger study.

Participants adhered very well to their instructed treatment
durations. Both groups underwent treatment for more than the
minimum required 5 days a week on average (see Table 2). As
instructed, participants in the intervention group underwent treat-
ment for over 6h per day on average, while active control
participants underwent treatment for a little over half an hour per
day on average (see Table 2). Participants in both groups started the
treatment each day at the mean and median time of 9 a.m.

No patients discontinued the study due to an adverse event.
Some participants (eight in the intervention group and four in the
active control group) reported side effects of a nature consistent with
other studies on light therapy (see Table 3).

Qualitative and free-text feedback for both the intervention
group and the active control group was generally positive. On a scale
from 1 = Completely disagree to 7 = Completely agree, participants in
both groups on average somewhat agreed that the treatment had

helped them with their symptoms (see Table 4).
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Intervention  Active control  Total TABLE 1 Baseline characteristics
N 30 32 62
Age in years (M, SD) 38.8 (14.5) 38.5 (15.5) 38.6 (14.9)
Female (N) 19 22 41
Male (N) 11 10 21
Baseline symptom severity in SIGH-SAD points 26.3 (6.09) 27.9 (8.95) 27.1 (7.68)

(M, SD)

Note: Data are given as mean (standard deviation) or as number of participants.

TABLE 2 Adherence

BROAD light

therapy Light box therapy
Days treated per week 5.72 (0.63) 5.88 (0.79)
Hours treated on 6.75 (1.28) 0.6 (0.31)

treatment days

Note: Data are given as mean (standard deviation).

TABLE 3 Side effects

BROAD light therapy Light box therapy

Any side effect 8 (27%) 4 (13%)
Eye ache 2 (7%) 2 (6%)
Headache 5(17%) 1 (3%)
Agitation 2 (7%) 1 (3%)

Note: Data are given as N (%).

3.2 | Effectiveness of BROAD light therapy

This is a proof of concept trial and it is not powered to detect
moderate effect size differences between the two treatments. In
accordance with the CONSORT guideline on pilot and feasibility trials
(Eldridge et al., 2016), we therefore report only descriptive statistics
and no tests of significance of the differences.

Our primary endpoint, the improvement in symptoms after 4
weeks of treatment, was considerable and similar for all treatment
groups (see Table 5 and Figure 3). The magnitude of SAD symptom
improvement after light therapy is in line with previous results (Pjrek
et al, 2020). The same was true for our secondary endpoints,
symptom improvement after 2 weeks of treatment, and remission
(defined as a SIGH-SAD score below 9) at 2 and 4 weeks (see
Table 5). The improvement in symptoms was similar for the cold and
the warm color temperature BROAD therapy groups (see Supporting
Information: Appendix).

When adjusting for baseline symptom severity, timepoint of
treatment and delay between baseline assessment and start of

treatment, the improvement after 4 weeks was even more similar

between treatments (see Table 5 and Supporting Information:
Appendix). The SIGH-SAD consists of two subscales, measuring
typical and atypical symptoms of major depression respectively. The

improvements in both scales were very similar for both treatments.

3.3 | More light, better results

In the intervention group, the illuminance (lux) at eye level depended
on the room sizes and how/where the light bulbs were attached.
Accordingly, the illuminance at eye level varied greatly between
participants in the BROAD light therapy group (between 500 and
6800 lux). The illuminance was lower than for the active control
group under ideal conditions, because the BROAD light therapy bulbs
were further away from the eyes (see Section 2.3). This allowed
participants to go about their daily activities and thus enabled a
longer treatment duration per day and more total lux. The higher the
illuminance in the BROAD light therapy group, the more participants’
symptoms improved after 4 weeks, r(28) =.43, p =.032 (see Table 6).
As shown in Figure 4, every doubling of illuminance (lux) in the
intervention group predicted an increase in symptom improvement
by 4 SIGH-SAD points on average. To further display this trend, we
can split the participants that received BROAD light therapy into two
groups: Participants who received above median illuminance at eye
levels (>1400 lux) experienced a mean improvement of 16.7 points
on the SIGH-SAD score (SD = 6.5), which is more than in the active
control group (which improved by M =13.24, SD =9.64), while the
participants with below median illuminance improved by only 8.9
points on average (SD =8.5). In addition, treatment hours per day
correlated positively and bordering on significance with symptom
improvement for the BROAD light therapy group. However, days
treated per week did not (see Table 6).

4 | DISCUSSION

This is the first study on the feasibility of BROAD light therapy
(Bright, whole-ROom, All-Day light therapy). This is also the direct
first comparison of any light-room treatment (whether clinic-based or
at home, for 2 h or all day) with the current standard of care, a SAD
light box.
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TABLE 4 Participant feedback on their treatment

“I think the light therapy in this study helped me with my symptoms.”

“I would recommend this treatment to a friend with similar symptoms to mine.”

BROAD light therapy

5.33 (1.45)
5.47 (1.46)

Light box therapy
5.86 (0.99)
5.90 (1.23)

Note: Data are given as mean (standard deviation). Answer options ranged from 1 = Completely disagree to 7 = Completely agree.

TABLE 5 Secondary endpoints

Symptom improvement after 4 weeks

Symptom improvement after 4 weeks, adjusted (arbitrary units)
Subscale A symptom improvement after 4 weeks

Subscale B symptom improvement after 4 weeks

Symptom improvement after 2 weeks

Remission after 2 weeks

Remission after 4 weeks

BROAD light therapy
11.58 (8.39), [8.45; 14.72]
12.56 (7.66), [9.70; 15.42]
7.22 (5.32), [5.23; 9.20]
4.37 (4.49), [2.69; 6.04]
8.92 (8.75), [5.65; 12.18]
3 (10%)

7 (22%)

Light box therapy

13.24 (9.64), [9.76; 16.72]
12.92 (9.19), [9.61; 16.23]
8.21 (6.55), [5.85; 10.57]
5.03 (4.32), [3.47; 6.59]
10.8 (8.16), [7.80; 13.79]
3 (10%)

6 (20%)

Note: Mean (standard deviation) [95% confidence intervals of the mean improvement] in SIGH-SAD points given for unadjusted symptom improvement
and N (%) given for remission. The adjusted symptom improvement does not correspond to SIGH-SAD points, but only serves as a unitless measure of

similarity.

T T
BROAD light therapy light box therapy

SAD symptoms improvement (in SIGH-SAD points)

treatment condition

FIGURE 3 Improvement in SIGH-SAD score after 4 weeks of
treatment. The plot shows the means, 95% confidence intervals of
the means and distribution for both the light box group and the
BROAD group.

In this proof of concept trial, treatments were roughly equally
effective on average. The improvement in symptom severity
(measured by the SIGH-SAD-SR score) in our study was similar to
those of other light therapy studies (Pjrek et al., 2020). Could non-
inferiority of BROAD light therapy treatment to standard of care be
confirmed in a larger trial, this would be an exciting result for
patients. To receive 10,000 lux, patients need to sit very close to the
light box (distance from eyes to light box of 20 cm is common for
commercial light boxes), meaning there is half an hour each morning
in which they can do little else. BROAD light therapy puts no such
constraint on patients’ daily activities, possibly improving long-term
adherence. To illustrate: In the course of the 4 weeks of therapy in

this study, control participants spent 14 h in front of the light box. For

TABLE 6 Correlations with symptom improvement 4 weeks
after the start of treatment for the BROAD light therapy group

Pearson'sr  p Value

Log,(lux) and symptom improvement 43 .032*

Hours treated per day and symptom .34 .070
improvement

Days treated per week and symptom .05 .801
improvement

*Significant at p <.05.

the same reason, BROAD light therapy could be a good candidate for
prevention, which many patients are likely to only do if it is very low
effort. Additionally, we carefully instructed participants on how to
use the light box to receive 10,000 lux—in non-study conditions,
many participants will likely position themselves further away from
the light box than 20 cm, thus receiving a lower illuminance. Again,
there is no analogous concern for BROAD light therapy.
Furthermore, we have reason to believe that the BROAD light
therapy treatment in this study can be modified to improve its
effectiveness. In the BROAD light therapy group, the illuminance (lux)
at eye level depended on the room sizes and how/where the lights were
attached. Accordingly, the illuminance at eye level varied greatly
between participants in this group (between 500 and 6800 Ilux).
Exploratory analyses found an interesting significant correlation: The
more light reached the participants’ eyes, the more participants’
symptoms improved after 4 weeks. Participants who received above
median illuminance at eye levels experienced a larger improvement than

in the active control group, while the participants with below median
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illuminance improved by less than the active control group. Additionally,
undergoing BROAD light therapy for more hours per day was borderline
significantly correlated with treatment success—however, here the
causation may be the other way around, with participants who
experienced the treatment to be more effective using it more regularly
or for longer periods. These results offer some support for the idea

behind our study, that “more light” leads to better results for patients.

4.1 | Limitations

As expected, the variance in our proof of concept trial was too large
given our sample size to give much indication of whether one of the
treatments performs better than the others. Additionally, illuminance
levels in the BROAD light therapy group were likely too low for some
participants, so this treatment was not as effective as it could be.

In addition, the light boxes were marketed on their packaging for
the use against SAD, while the components of the BROAD light
therapy were not, possibly leading to a higher placebo effect in the
active control group than in the BROAD light therapy group. In a
follow-up study, this limitation can be addressed by unifying the
packaging that lamps arrive in.

Finally, we did not include a placebo or waitlist control group, so
we cannot be certain that the improvement in our participants was
due to the treatments. However, the effectiveness of the active
control treatment has been well-studied and the size of the

improvement in our study is consistent with previous findings.

4.2 | Conclusion

It is plausible that increasing the amount of light in light therapy
makes it more effective against SAD. Our proof of concept trial did
not find BROAD light therapy to be superior to light boxes, but it
adds some first empirical evidence that BROAD light therapy is
feasible and that the amount of light that reaches participants’ eyes

(illuminance/lux) predicts how effective it is at treating SAD. There
are several straightforward ways to further increase the brightness of
the treatment studied in this paper, potentially creating a treatment

that is superior to the current standard of care.

ACKNOWLEDGMENTS

The authors are grateful to Eliezer Yudkowsky, as the authors took the
inspiration for this trial from his book “Inadequate Equilibria,” and the
author helped with raising funding and contributed ideas to the initial
study design. The authors thank Johann-Lukas Voigt and Simon Grosse-
Holz for their help with calculating the fraction of blue light in LEDs of
various color temperatures. The authors are grateful to Prof. Ulrich
Ettinger, Prof. Markus Canazei, Prof. Daniel Kripke, and to the reviewer
of our paper for their helpful feedback. Funding was provided by the
non-profit organization Centre for Effective Altruism, 2443 Fillmore St.,
#380-16662, San Francisco, CA 94115, and by one private donor. Open
Access funding enabled and organized by Projekt DEAL.

CONFLICT OF INTEREST

The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT
The data of this study are openly available at the Open Science
Framework, https://osf.io/ndjm4/.

ORCID

Julia F. Sandkiihler "= https://orcid.org/0000-0002-5585-9539
Paul Rohde https://orcid.org/0000-0002-9156-7998
REFERENCES

Anderson, |. M., Ferrier, |. N., Baldwin, R. C., Cowen, P. J., Howard, L.,
Lewis, G., Matthews, K., McAllister-Williams, R. H., Peveler, R. C.,
Scott, J., & Tylee, A. (2008). Evidence-based guidelines for treating
depressive disorders with antidepressants: A revision of the 2000
British Association for Psychopharmacology guidelines. Journal of
Psychopharmacology, 22(4), 343-396. https://doi.org/10.1177/
0269881107088441


https://osf.io/ndjm4/
https://orcid.org/0000-0002-5585-9539
https://orcid.org/0000-0002-9156-7998
https://doi.org/10.1177/0269881107088441
https://doi.org/10.1177/0269881107088441

SANDKUHLER €T AL

American Psychiatric Association. (2013). Diagnostic and statistical manual
of mental disorders: DSM-5 (Vol. 5).

Bauer, M., Pfennig, A., Severus, E., Whybrow, P. C., Angst, J,
Moeller, H. -J., & World Federation of Societies of Biological
Psychiatry. Task Force on Unipolar Depressive Disorders. (2013).
World Federation of Societies of Biological Psychiatry (WFSBP)
guidelines for biological treatment of unipolar depressive disorders,
part 1: Update 2013 on the acute and continuation treatment of
unipolar depressive disorders. The World Journal of Biological
Psychiatry, 14(5), 334-385. https://www.tandfonline.com/doi/abs/
10.3109/15622975.2013.804195

Blazer, D. G., Kessler, R. C., & Swartz, M. S. (1998). Epidemiology of
recurrent major and minor depression with a seasonal pattern. The
National Comorbidity Survey. The British Journal of Psychiatry: The
Journal of Mental Science, 172, 164-167. https://doi.org/10.1192/
bjp.172.2.164

Canazei, M., Pohl, W., Bauernhofer, K., Papousek, |., Lackner, H. K,
Bliem, H. R., Marksteiner, J., & Weiss, E. M. (2017). Psycho-
physiological effects of a single, short, and moderately bright room
light exposure on mildly depressed geriatric inpatients: A pilot study.
Gerontology, 63(4), 308-317. https://doi.org/10.1159/000455231

Eldridge, S. M., Chan, C. L., Campbell, M. J.,, Bond, C. M., Hopewell, S.,
Thabane, L., Lancaster, G. A., & PAFS Consensus Group. (2016).
CONSORT 2010 statement: Extension to randomised pilot and
feasibility trials. Pilot and Feasibility Studies, 2, 64. https://doi.org/10.
1186/s40814-016-0105-8

Gelenberg, A. J., Freeman, M. P., Markowitz, J. C., Rosenbaum, J. F,,
Thase, M. E., Trivedi, M. H., & Van Rhoads, R. S. (2010). Practice
guideline for the treatment of patients with major depressive
disorder (3rd). American Journal of Psychiatry, 157(4), 1-45.

Golden, R. N., Gaynes, B. N., Ekstrom, R. D., Hamer, R. M., Jacobsen, F. M.,
Suppes, T., Wisner, K. L., & Nemeroff, C. B. (2005). The efficacy of
light therapy in the treatment of mood disorders: A review and
meta-analysis of the evidence. The American Journal of Psychiatry,
162(4), 656-662. https://doi.org/10.1176/appi.ajp.162.4.656

Kripke, D. F., Risch, S. C., & Janowsky, D. (1983). Bright white light
alleviates depression. Psychiatry Research, 10(2), 105-112. https://
doi.org/10.1016/0165-1781(83)90109-9

Kripke, D. F., Mullaney, D. J., Klauber, M. R,, Risch, S. C., & Gillin, J. C.
(1992). Controlled trial of bright light for nonseasonal major
depressive disorders. Biological Psychiatry, 31(2), 119-134. https://
doi.org/10.1016/0006-3223(92)90199-a

Kurlansik, S. L., & Ibay, A. D. (2012). Seasonal affective disorder. American
Family Physician, 86(11), 1037-1041. https://www.ncbi.nIm.nih.gov/
pubmed/23198671

Levitan, R. D. (2007). The chronobiology and neurobiology of winter
seasonal affective disorder. Dialogues in Clinical Neuroscience, 9(3),
315-324. https://www.ncbi.nlm.nih.gov/pubmed/17969868

Levitt, A. J., Boyle, M. H., Joffe, R. T., & Baumal, Z. (2000). Estimated
prevalence of the seasonal subtype of major depression in a
Canadian community sample. Canadian Journal of Psychiatry. Revue
Canadienne de Psychiatrie, 45(7), 650-654. https://doi.org/10.1177/
070674370004500708

Li, D. H. W,, Cheung, G. H. W.,, Cheung, K. L., & Lam, T. N. T. (2010).
Determination of vertical daylight illuminance under non-overcast
sky conditions. Building and Environment, 45(2), 498-508. https://
doi.org/10.1016/j.buildenv.2009.07.008

Martensson, B., Pettersson, A., Berglund, L., & Ekselius, L. (2015). Bright
white light therapy in depression: A critical review of the evidence.
Journal of Affective Disorders, 182, 1-7. https://doi.org/10.1016/j.
jad.2015.04.013

Matour, S., Mahdavinejad, M., & Fayaz, R. (2017). Horizontal and vertical
illuminance correlations in a case study for shaded south facing
surfaces. International Journal of Energy and Environmental
Engineering, 11(12), 1046-1051. https://waset.org/Publications/

WILEY—"

horizontal-and-vertical-illuminance-correlations-in-a-case-study-
for-shaded-south-facing-surfaces/10008302

MayoClinic. (2017, February 8). Light therapy. https://www.mayoclinic.
org/tests-procedures/light-therapy/about/pac-20384604

Michalak, E. E., Wilkinson, C., Dowrick, C., & Wilkinson, G. (2001).
Seasonal affective disorder: Prevalence, detection and current
treatment in North Wales. The British Journal of Psychiatry: The
Journal of Mental Science, 179, 31-34. https://doi.org/10.1192/bjp.
179.1.31

National Health Service. (2018, July 30). Seasonal affective disorder (SAD) -
Treatment. Nhs.uk. https://www.nhs.uk/conditions/seasonal-
affective-disorder-sad/treatment/

National Institute of Mental Health (20-MH-8138). Seasonal affective
disorder. U.S. Department of Health and Human Services, National
Institutes of Health, National Institute of Mental Health. https://www.
nimh.nih.gov/health/topics/seasonal-affective-disorder/index.shtml

Partonen, T., Appelberg, B., & Partinen, M. (1993). Effects of light
treatment on sleep structure in seasonal affective disorder. European
Archives of Psychiatry and Clinical Neuroscience, 242(5), 310-313.
https://doi.org/10.1007/BF02190391

Partonen, T., Appelberg, B., Kajaste, S., Partinen, M., Harma, M., &
Laitinen, J. (1992). Effects of light treatment on circadian rhythmicity
in seasonal affective disorder. European Psychiatry: The Journal of the
Association of European Psychiatrists, 7(3), 141-142. https://doi.org/
10.1017/50924933800003084

Philips. (2018, June 30). Philips EnergyUp. https://www.philips.de/c-p/
HF3419_02/energyup-energylight

Pjrek, E., Friedrich, M. -E., Cambioli, L., Dold, M., Jager, F., Komorowski, A.,
Lanzenberger, R., Kasper, S., & Winkler, D. (2020). The efficacy of
light therapy in the treatment of seasonal affective disorder: A meta-
analysis of randomized controlled trials. Psychotherapy and
Psychosomatics, 89(1), 17-24. https://doi.org/10.1159/000502891

Praschak-Rieder, N., & Willeit, M. (2003). Treatment of seasonal affective
disorders. Dialogues in Clinical Neuroscience, 5(4), 389-398. https://
www.ncbi.nlm.nih.gov/pubmed/22033639

Rastad, C., Ulfberg, J., & Lindberg, P. (2008). Light room therapy effective
in mild forms of seasonal affective disorder—A randomised
controlled study. Journal of Affective Disorders, 108(3), 291-296.
https://doi.org/10.1016/j.jad.2007.10.009

Rastad, C., Ulfberg, J., & Lindberg, P. (2011). Improvement in fatigue,
sleepiness, and health-related quality of life with bright light
treatment in persons with seasonal affective disorder and subsyn-
dromal SAD. Depression Research and Treatment, 2011, 543906.
https://doi.org/10.1155/2011/543906

Rastad, C., Wetterberg, L., & Martin, C. (2017). Patients’ experience of
winter depression and light room treatment. Psychiatry Journal,
2017, 6867957. https://doi.org/10.1155/2017/6867957

Ravindran, A. V., Lam, R. W., Filteau, M. J., Lespérance, F., Kennedy, S. H.,
Parikh, S. V., & Patten, S. B. (2009). Canadian Network for Mood and
Anxiety Treatments (CANMAT) clinical guidelines for the manage-
ment of major depressive disorder in adults.: V. Complementary and
alternative medicine treatments. Journal of Affective Disorders, 117,
S54-S64. https://doi.org/10.1016/j.jad.2009.06.040

Rosenthal, N. E., Sack, D. A., Gillin, J. C., Lewy, A. J., Goodwin, F. K.,
Davenport, Y., Mueller, P. S., Newsome, D. A., & Wehr, T. A.
(1984). Seasonal affective disorder. A description of the
syndrome and preliminary findings with light therapy. Archives
of General Psychiatry, 41(1), 72-80. https://doi.org/10.1001/
archpsyc.1984.01790120076010

Stain-Malmgren, R., Kjellman, B. F., & Aberg-Wistedt, A. (1998). Platelet
serotonergic functions and light therapy in seasonal affective
disorder. Psychiatry Research, 78(3), 163-172. https://doi.org/10.
1016/s0165-1781(98)00017-1

Strong, R. E., Marchant, B. K., Reimherr, F. W., Williams, E., Soni, P., &
Mestas, R. (2009). Narrow-band blue-light treatment of seasonal


https://www.tandfonline.com/doi/abs/10.3109/15622975.2013.804195
https://www.tandfonline.com/doi/abs/10.3109/15622975.2013.804195
https://doi.org/10.1192/bjp.172.2.164
https://doi.org/10.1192/bjp.172.2.164
https://doi.org/10.1159/000455231
https://doi.org/10.1186/s40814-016-0105-8
https://doi.org/10.1186/s40814-016-0105-8
https://doi.org/10.1176/appi.ajp.162.4.656
https://doi.org/10.1016/0165-1781(83)90109-9
https://doi.org/10.1016/0165-1781(83)90109-9
https://doi.org/10.1016/0006-3223(92)90199-a
https://doi.org/10.1016/0006-3223(92)90199-a
https://www.ncbi.nlm.nih.gov/pubmed/23198671
https://www.ncbi.nlm.nih.gov/pubmed/23198671
https://www.ncbi.nlm.nih.gov/pubmed/17969868
https://doi.org/10.1177/070674370004500708
https://doi.org/10.1177/070674370004500708
https://doi.org/10.1016/j.buildenv.2009.07.008
https://doi.org/10.1016/j.buildenv.2009.07.008
https://doi.org/10.1016/j.jad.2015.04.013
https://doi.org/10.1016/j.jad.2015.04.013
https://waset.org/Publications/horizontal-and-vertical-illuminance-correlations-in-a-case-study-for-shaded-south-facing-surfaces/10008302
https://waset.org/Publications/horizontal-and-vertical-illuminance-correlations-in-a-case-study-for-shaded-south-facing-surfaces/10008302
https://waset.org/Publications/horizontal-and-vertical-illuminance-correlations-in-a-case-study-for-shaded-south-facing-surfaces/10008302
https://www.mayoclinic.org/tests-procedures/light-therapy/about/pac-20384604
https://www.mayoclinic.org/tests-procedures/light-therapy/about/pac-20384604
https://doi.org/10.1192/bjp.179.1.31
https://doi.org/10.1192/bjp.179.1.31
https://www.nhs.uk/conditions/seasonal-affective-disorder-sad/treatment/
https://www.nhs.uk/conditions/seasonal-affective-disorder-sad/treatment/
https://www.nimh.nih.gov/health/topics/seasonal-affective-disorder/index.shtml
https://www.nimh.nih.gov/health/topics/seasonal-affective-disorder/index.shtml
https://doi.org/10.1007/BF02190391
https://doi.org/10.1017/S0924933800003084
https://doi.org/10.1017/S0924933800003084
https://www.philips.de/c-p/HF3419_02/energyup-energylight
https://www.philips.de/c-p/HF3419_02/energyup-energylight
https://doi.org/10.1159/000502891
https://www.ncbi.nlm.nih.gov/pubmed/22033639
https://www.ncbi.nlm.nih.gov/pubmed/22033639
https://doi.org/10.1016/j.jad.2007.10.009
https://doi.org/10.1155/2011/543906
https://doi.org/10.1155/2017/6867957
https://doi.org/10.1016/j.jad.2009.06.040
https://doi.org/10.1001/archpsyc.1984.01790120076010
https://doi.org/10.1001/archpsyc.1984.01790120076010
https://doi.org/10.1016/s0165-1781(98)00017-1
https://doi.org/10.1016/s0165-1781(98)00017-1

gk—Wl LEY

SANDKUHLER €T AL

affective disorder in adults and the influence of additional
nonseasonal symptoms. Depression and Anxiety, 26(3), 273-278.
https://doi.org/10.1002/da.20538

Terman, M., & Terman, J. S. (2005). Light therapy for seasonal and nonseasonal
depression: Efficacy, protocol, safety, and side effects. CNS Spectrums,
10(8), 647-663. https://www.ncbi.nlm.nih.gov/pubmed/16041296

Terman, W., & White, G. (2008). Selbstbewertungs-Fragebogen (SIGH-SAD-SA
2008) (A. B. A. V. Wirz, Trans.). Center for Environmental Therapeutics.
https://cet.org/wp-content/uploads/2018/01/SIGH-SAD-SA-DE.pdf

Thalén, B. E., Kjellman, B. F., Mgrkrid, L., & Wetterberg, L. (1995).
Melatonin in light treatment of patients with seasonal and
nonseasonal depression. Acta Psychiatrica Scandinavica, 92(4),
274-284. https://doi.org/10.1111/j.1600-0447.1995.tb09583.x

Van Someren, E. J., Kessler, A., Mirmiran, M., & Swaab, D. F. (1997).
Indirect bright light improves circadian rest-activity rhythm distur-
bances in demented patients. Biological Psychiatry, 41(9), 955-963.
https://doi.org/10.1016/S0006-3223(97)89928-3

Wirz-Justice, A., Graw, P., Roésli, H., Glauser, G., & Fleischhauer, J. (1999).
An open trial of light therapy in hospitalised major depression.
Journal of Affective Disorders, 52(1-3), 291-292. https://doi.org/10.
1016/s0165-0327(98)00128-1

Wirz-Justice, A., Ajdacic, V., Rossler, W., Steinhausen, H. -C., & Angst, J.
(2019). Prevalence of seasonal depression in a prospective cohort
study. European Archives of Psychiatry and Clinical Neuroscience,
269(7), 833-839. https://doi.org/10.1007/s00406-018-0921-3

SUPPORTING INFORMATION
Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Sandkihler, J. F., Brochhagen, S.,
Rohde, P., Muscheidt, R. C., Gromer, T. W., Miller, H., &
Brauner, J. M. (2022). 100,000 lumens to treat seasonal
affective disorder: A proof of concept RCT of Bright, whole-
ROom, All-Day (BROAD) light therapy. Depression and
Anxiety, 1-10. https://doi.org/10.1002/da.23281


https://doi.org/10.1002/da.20538
https://www.ncbi.nlm.nih.gov/pubmed/16041296
https://cet.org/wp-content/uploads/2018/01/SIGH-SAD-SA-DE.pdf
https://doi.org/10.1111/j.1600-0447.1995.tb09583.x
https://doi.org/10.1016/S0006-3223(97)89928-3
https://doi.org/10.1016/s0165-0327(98)00128-1
https://doi.org/10.1016/s0165-0327(98)00128-1
https://doi.org/10.1007/s00406-018-0921-3
https://doi.org/10.1002/da.23281



