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Abstract

Background: To examine the possible
impact of daylight duration on the efficacy
of repetitive transcranial magnetic
stimulation (rTMS) in patients with
treatment-resistant depression (TRD).

Methods: A retrospective cohort study of
151 patients with TRD undergoing rTMS
was conducted. The patient data were
collected over multiple years from August
2018 to August 2025. Depression severity
was assessed using the Patient Health
Questionnaire-9 (PHQ-9) and Hamilton
Depression Rating Scale (HDRS) before
and after treatment. Patients were
categorized into 3 groups: responders,

remitters, and nonresponders.
Responders were defined by a decrease in
PHQ-9 or HDRS score by 50% or more.
Remitters were defined by achieving a
PHQ-9 score <5 or HDRS score <7.
Nonresponders were defined by a change
in these scores <50%. Average daylight
duration for each individual patient was
calculated throughout treatment and
compared between groups.

Results: The median average duration of
daylight in the responder group (n=99) was
704 minutes. The median average duration of
daylight in the remitter group (n=62) was
701 minutes, whereas the median average
duration of daylight in nonresponders (n=52)
was 718 minutes. The Mann-Whitney U test

showed no statistical difference in the
average daylight duration between the
responder and nonresponder groups.
Similarly, there was no statistical difference
in the average daylight duration between the
remitter and nonresponder groups.

Conclusion: Based on these findings,
daylight duration does not seem to affect
rTMS outcomes (response or remission) in
patients with TRD. This is reassuring, and if
confirmed by future studies, it would mean
that rTMS can be delivered at any time of
the year without affecting efficacy.
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ajor depressive disorder (MDD) is a severe,

disabling, and in most cases recurrent condition,

with a prevalence rate of 7.1%.! Symptoms of
MDD vary between individuals, and the combinations of
symptoms are vast. This variability contributes to a
broad spectrum of pharmacologic and nonpharmacologic
treatments. Standard treatment with pharmacotherapy or
psychotherapy is often ineffective and not tolerated in a
considerable portion of patients.?

Treatment-resistant depression (TRD) refers to MDD
patients who do not respond to multiple courses of
different antidepressants.® This further complicates the
treatment of MDD. Better treatments are in great demand,
and the need to optimize and build on the treatments
already available is apparent. Noninvasive brain
stimulation (NIBS) offers an alternative in the treatment of
TRD. NIBS refers to stimulating neurons in the brain
without surgical procedures or anesthesia. One of these
methods is repetitive transcranial magnetic stimulation
(rTMS), which delivers magnetic pulses that penetrate the

brain painlessly, stimulate underlying tissue, and
modulate neuronal activity in targeted cortical regions.
rTMS is approved by the US Food and
Drug Administration (FDA) for the treatment of
moderate to severe MDD in patients who have failed
1 or more medications and/or psychotherapy.*®

In evidence-based guidelines on the therapeutic use of
rTMS, the effectiveness of this modality in depression was
judged to be at a level A.° In naturalistic settings, the
response and remission rates can be up to 58% and 37%,
respectively.!® However, there is a lot of room for
improvement by optimizing the treatment itself. One
option is to assess the influence of brain-state dependence
on rTMS outcomes.! It is asserted that the state of the
targeted cortical region during the application of
stimulation dramatically influences the effects. In other
words, the NIBS effects depend not only on the parameters
of external stimulation but also on the underlying state of
the stimulated region or network. For instance, the TMS-
triggered response is very different during the state of
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Clinical Points

- Daylight duration does not seem to affect repetitive
transcranial magnetic stimulation (rTMS) outcomes
(response or remission) in patients with treatment-resistant
depression, suggesting that rTMS can be delivered at any
time of the year without affecting efficacy.

« Future studies should prospectively examine the
relationship between daylight and rTMS outcome under
controlled treatment conditions and account for variables.

wakefulness versus sleep, anesthesia, and vegetative
state.'? Provocation procedure in the treatment of
obsessive-compulsive disorder is one clinically useful
example of how preactivation of the circuit involved in the
disorder leads to improved outcomes with treatment.!®

Based on this information, clinicians may combine
r'TMS with other treatment modalities such as
psychotherapy for depression,'* exposure therapy for
posttraumatic stress disorder (PTSD)!* and acrophobia,!®
and cognitive processing therapy for PTSD,!” as well as
positive and negative cognitive reactivation,'® aerobic
exercise,'” music,?’ and bright light therapy (BLT).??2 The
influence of natural daylight exposure on rTMS outcomes
in TRD has not been studied. Yet, it cannot be
underestimated, as this could be one of those parameters
that can influence the underlying brain state. This study
investigates if the duration of daylight modulates rTMS
outcomes in TRD.

METHODS

A sample of 151 patients with TRD who completed
r'TMS at a single medical center was included in the study.
The patient data were collected over multiple years from
August 2018 to August 2025. All patients in the study had
TRD with the failure of 4 or more antidepressant
medications of at least 2 different classes and unsuccessful
psychotherapy.

rTMS was delivered using H1-coil (BrainsWay Deep
TMS) to the left dorsolateral prefrontal cortex according to
the FDA-approved protocol.’ 18-Hz stimulation was
delivered in 2-second trains, with 20 seconds between
trains, for a total of 55 trains (1,980 pulses) delivered over
20 minutes. The maximum intensity of the stimulation
was 120% of the motor threshold. The initial treatment
was delivered daily for 6 weeks, and the taper was started
at week 7. Three sessions were delivered at week 7,

2 sessions at week 8, and 1 session at week 9. rTMS was
discontinued after week 9.

Depression severity and response were assessed using
the Patient Health Questionnaire-9 (PHQ-9) and the
Hamilton Depression Rating Scale (HDRS). The PHQ-9 is a
9-item self-report instrument aligned with Diagnostic and
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Statistical Manual of Mental Disorders, Fifth Edition,
criteria, while the HDRS is a 17-item clinician-administered
scale.?>?* Baseline PHQ-9 and HDRS scores were collected
before rTMS initiation and repeated at the end of treatment.
The total patient population was categorized into 3 groups:
responder group, remitter group, and nonresponder group,
based on response to rTMS.

We defined response as a decrease in PHQ-9 or HDRS
score by 50% or more and remission as achieving a PHQ-9
score <5 or HDRS score <7 within the treatment duration.
Patients who had a score change of <50% were defined as
nonresponders, as is consensus on the use of these
scales.?2

All patients had completed a full course of rTMS
treatment. As long as rTMS was safe to administer, no
exclusion criteria were used in terms of medical or
psychiatric comorbidities. The clinic that provided data
followed the most recent consensus recommendations with
regard to screening for safety and treatment delivery when
selecting patients.”

The average duration of daylight during each patient’s
treatment period was calculated using open-access data
from the US Naval Observatory, which provides daylight
and darkness duration for specified dates of any year and
for a specified location. The location used for this study was
that of the rTMS treatment facility in Chambersburg,
Pennsylvania. The average duration of daylight was
calculated for each group. The data were then tested for
normality using the Shapiro-Wilk test and compared using
the Mann-Whitney U test with GraphPad Prism
version 10.

RESULTS

The median average duration of daylight was similar
across outcome groups: responders (n=99) had
704 minutes, remitters (n=62) had 701 minutes, and
nonresponders (n=52) had 718 minutes. The Shapiro-
Wilk test for normality indicates a non-Gaussian
distribution in all groups. The Mann-Whitney U test
showed no statistical difference in average daylight
duration between responder and nonresponder groups.
Similarly, there was no statistical difference in the average
daylight duration between remitter and nonresponder
groups (Figure 1 and Table 1).

DISCUSSION

Use of light for depression dates back to the beginning
of civilization. It has long been understood that there is an
interplay between seasonal variations in light exposure
and depression since the first description of the
syndrome of seasonal affective disorder (SAD) and light
therapy in the seminal paper by Rosenthal et al.?” Since
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rTMS and Daylight

Figure 1.

Box-and-Whisker Plot of Daylight Duration
Across Groups®
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aMedian values are comparable among responders (704 min), remitters (701 min),
and nonresponders (718 min). The overlapping interquartile ranges and medians
indicate no significant differences in daylight exposure between groups.

Table 1.

Comparison of Average Daylight Duration
(minutes) Across Outcome Groups in Patients
Undergoing rTMS for Treatment-Resistant
Depression

Group P Mann-Whitney U score
Responder and nonresponder .5284 2,413
Remitter and nonresponder 9388 1,598

then, BLT has become a widely used treatment method
for SAD as well as nonseasonal depressive disorder like
MDD, with or without medications.?® If daylight exposure
has effects on brain-state dependency, it can influence
response to rTMS.

In neuroscience research, exposure to daylight is
understood to mitigate depressive symptoms through
multiple biological mechanisms. The human retina
contains photoreceptor rods and cones that transform
light into electrical signals. They project to retinal ganglion
cells (RGCs), which output these signals to the brain.
About 45% of these cells contain photopigment
melanopsin, which are called intrinsically photosensitive
RGCs (ipRGCs). The discovery of projections of ipRGCs to
brain mood centers has redefined the understanding of
light-mediated mood regulation. Involvement of sleep and
circadian rhythms in the etiology of mood disorders
involves direct and indirect pathways originating from
ipRGCs. Indirect pathways have long been studied and are
well defined. Signals from the retinal ipRGCs travel along
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the retinohypothalamic tract to the suprachiasmatic
nucleus (SCN) of the anterior hypothalamus. In addition to
downstream targets like the pineal gland, which regulates
circadian rhythm, SCN drives rhythms in the locus
ceruleus, amygdala, lateral habenula, and ventral
tegmental area (VTA). Together, these structures
constitute part of neural circuits implicated in depression.
The direct pathway has been defined more recently, and it
involves ipRGC projections directly to the medial
amygdala and lateral habenula, which are implicated in
mood regulation. The amygdala in turn projects to the VTA
and hippocampus, 2 brain regions known to have a role in
depression. The lateral habenula projects to the VTA and
the raphe nucleus and forms a node of connection between
the limbic nuclei, hypothalamic brain regions, and brain
stem monoamine neurons.?!?°

Given the biological interplay between light exposure
and neurohormonal alterations, we can postulate that the
duration of daylight in a particular course of rTMS may
change outcomes and is therefore worth studying. The
current study specifically examined whether the hours of
daylight during the course of treatment of an individual
had any effect on their ability to achieve response or
remission.

Analyses revealed no statistical difference in the average
duration of daylight between groups. Based on these findings,
daylight duration does not seem to affect rTMS outcomes
(response or remission) in patients with TRD. This is
reassuring, and if confirmed by future studies, it would mean
that rTMS can be delivered at any time of the year without
affecting efficacy.

Limitations

This was a single-site study with 1 protocol. Possible
variables that could affect the responsiveness of rTMS,
such as severity of depression, concomitant
medications, stress levels, or other environmental
factors that might also vary seasonally, were not
accounted for. Finally, average minutes of daylight
might not fully capture its impact. The time of exposure
(morning vs evening) and intensity (direct vs indirect
sunlight) could be more relevant than just total minutes.
The main goal of the study was to compare well-defined
groups of responders, remitters, and nonresponders, and
dropouts were excluded from analysis because they
could not be categorized into any of the 3 groups, as they
did not finish the full course of treatment.

CONCLUSION

This is the first study, to the best of our knowledge,
examining the possible effects of daylight duration on
rTMS outcomes for depression. The findings showed no
statistically significant difference in average daylight
duration between individuals who achieved remission,
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who showed response, and who did not respond to
treatment. More research is needed before firm
conclusions can be drawn.

We hope our study sparks interest in further research,

as it addresses a relevant clinical question. We hope
future studies will prospectively examine the
relationship between daylight duration and rTMS
outcomes under controlled treatment conditions and
account for variables.
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