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Abstract

Objective: Our aim was to test the anxiolytic effect of transcranial photobiomodulation (t-PBM) with near-
infrared light (NIR) in subjects suffering from generalized anxiety disorder (GAD).
Background: t-PBM with NIR is an experimental, noninvasive treatment for mood and anxiety disorders.
Preliminary evidence indicates a potential anxiolytic effect of transcranial NIR.
Methods: Fifteen subjects suffering from GAD were recruited in an open-label 8-week study. Each participant
self-administered t-PBM daily, for 20 min (continuous wave; 830 nm peak wavelength; average irradiance
30 mW/cm2; average fluence 36 J/cm2; total energy delivered per session 2.9 kJ: total output power 2.4 W)
broadly on the forehead (total area 80 cm2) with an LED-cluster headband (Cerebral Sciences). Outcome
measures were the reduction in total scores of the Hamilton Anxiety Scale (SIGH-A), the Clinical Global
Impressions-Severity (CGI-S) subscale and the Pittsburgh Sleep Quality Index (PSQI) subscales from baseline
to last observation carried forward.
Results: Of the 15 recruited subjects (mean age 30 – 14 years; 67% women), 12 (80%) completed the open trial.
Results show a significant reduction in the total scores of SIGH-A (from 17.27 – 4.89 to 8.47 – 4.87; p < 0.001;
Cohen’s d effect size = 1.47), in the CGI-S subscale (from 4.53 – 0.52 to 2.87 – 0.83; p < 0.001; Cohen’s d effect
size = 2.04), as well as significant improvements in sleep at the PSQI. t-PBM was well tolerated with no serious
adverse events.
Conclusions: Based on our pilot study, t-PBM with NIR is a promising alternative treatment for GAD. Larger,
randomized, double-blind, sham-controlled studies are needed.

Keywords: photobiomodulation, generalized anxiety disorder, near-infrared, low-level light therapy, LLLT,
NIR, transcranial, neuromodulation

Introduction

Generalized anxiety disorder (GAD) is a chronic
psychiatric condition characterized by a pervasive and out-

of-proportion preoccupation with adverse life circumstances
and with the anticipated occurrence of catastrophic, dramatic
events. Oftentimes, everyday life challenges—whether poten-
tial or real—are dreaded as they are expected to escalate and to
lead to irreparable consequences. Examples of everyday chal-
lenges, which are commonly experienced with excessive anxi-

ety, are financial, health-related, professional, and relationship
issues. These overproportionate worries generate an overall
disturbance of mind/body wellbeing, often manifested by fa-
tigue, tension, irritability, and problems with sleep and con-
centration. GAD is associated with significant distress and with
poor social and professional functioning. In the United States,
GAD affects a population of almost 7 million people (3.1% of
the population) with a lifetime prevalence of 5.1%.1

The two cornerstones of GAD treatment are psychother-
apy and FDA-approved medications. Cognitive behavioral
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therapy is considered a first-line psychotherapy approach,
useful to patients suffering from GAD,2 however, its reach
is limited by the availability of trained therapists. First-
line pharmacological treatments are selective serotonin
reuptake inhibitors antidepressants, such as escitalopram,
and serotonin-norepinephrine reuptake inhibitors, including
venlafaxine and duloxetine. Regrettably, as many as 50% of
patients suffering from GAD do not respond to currently
available treatments,3,4 and novel treatment approaches are
warranted.

In the present study, we tested a novel treatment approach
for anxiety, based on the use of transcranial photo-
biomodulation (t-PBM) with near-infrared light (NIR). This
new technique involves noninvasive exposure of the fore-
head to NIR. NIR is a nonionizing electromagnetic radia-
tion, it is invisible, it penetrates through the skin and skull
into brain tissue,5 it is only minimally dissipated as thermal
energy, and it is mainly absorbed by specific cellular chro-
mophores.6 The benefits of t-PBM are wavelength specific:
a mitochondrial enzyme, cytochrome c oxidase, is the pri-
mary chromophore for the t-PBM with peak absorption
close to 830 nm.7 The energy absorbed by the cytochrome c
oxidase leads to increased adenosine triphosphate (ATP)
production, through enhanced activity of the respiratory
chain. Ultimately, the increased ATP leads to increased
energy metabolism in the cells, and it is hypothesized that a
signaling cascade is also activated promoting cellular plas-
ticity and neuroprotection.7 An alternative explanation of
the metabolic, cellular effects of PBM has recently been
proposed. It is hypothesized that the upregulation of ATP
synthesis, seen after PBM, is caused by a decrease in the
viscosity and density of a nanoscopic layer of H2O mole-
cules surrounding the cells. These physical changes, af-
fecting cellular mechanics, would allow an increased
metabolic uptake by cells, as well as higher activity of the
ATP synthase.8

Pilot studies in individuals with major depressive disorder
(MDD) have shown that t-PBM is safe, effective, and well
tolerated.9–12 In addition to depressive symptoms, anxiety
symptoms appeared to respond to t-PBM. Schiffer et al.9

used t-PBM to treat nine depressed subjects with comorbid
anxiety. The study showed a significant improvement
in anxiety symptom severity after one session of t-PBM.9

t-PBM has also shown preliminary benefits in reducing
posttraumatic stress symptoms.13 Further, one case report
suggested long-term benefits of t-PBM for the treatment of
anxiety.14

The present study was conducted to test the efficacy,
safety, and tolerability of repeated t-PBM sessions in a
group of anxious subjects with primary GAD. The study
also tested the feasibility of using a take-home t-PBM de-
vice, in contrast to the more time-consuming and expensive
in-office treatment delivery.

Materials and Methods

This single-site study: Transcranial Continuous Near-
Infrared Light in Generalized Anxiety Disorder—Lighten
GAD was approved by the Massachusetts General Hospital
(MGH) Institutional Review Board (IRB). Recruitment be-
gan in September 2018 and was completed in April 2019.
The main source of recruitment were people contacting the

general research line of the MGH Center for Anxiety and
Traumatic Stress Disorders. Cerebral Sciences LLC (located
in Boca Raton, FL) created the specific study device, and
sponsored this investigator-initiated pilot.

Inclusion and exclusion criteria

Adult subjects 18–70 years of age with a primary diag-
nosis of GAD with symptoms of at least moderate severity
(Clinical Global Impression—Severity Scale, CGI-S ‡ 4),
were allowed in the study after providing written informed
consent. Subjects could not have used benzodiazepines or
antidepressant medications within 6 weeks before the
screening visit; structured psychotherapy was permitted
only if started at least 8 weeks before the screening visit.
Other exclusionary criteria included active suicidal or ho-
micidal ideation, current bipolar affective disorder, ac-
tive substance dependence or abuse (prior 3 months),
lifetime psychotic episodes, cognitive impairment [Mon-
treal Cognitive Assessment (MOCA) Score <21], unstable
medical illness, and recent stroke (prior 3 months). Women
of child-bearing potential were required to use a birth-
control method if sexually active; pregnancy and lactation
were exclusionary. To allow maximum light penetration and
to minimize potential risks of local tissue damage from the
use of NIR, the following conditions were also exclusionary:
having a forehead skin condition likely to impede light
penetration, such as tattoo or birth mark; taking a light-
activated medication (prior 14 days); having a head implant
(to prevent possible dislodgement associated with vasodi-
lation, e.g., with endovascular stents). All subjects met all
inclusion criteria and none of the exclusion criteria, except
one subject with mild alcohol use disorder, whom the
principal investigator (P.C.) and the IRB deemed likely to
benefit from study participation and unlikely to confound
study findings.

Study design and treatment

Eligible subjects participated in an 8-week pilot, open-
label, treatment trial. Each subject self-administered t-PBM
once daily at home, for 8 weeks. The Cerebral Science
headband device emitted NIR with an output at 830 – 15 nm,
broadly across the forehead (EEG sites: FP1, FP2, F7, F8,
Fpz), covering a total surface of 80 cm2, with an average
irradiance of 30 mW/cm2 (total output power 2.4 W) and an
average fluence of 27 or 36 J/cm2 over 15 or 20 min, re-
spectively. Each session resulted in a total energy delivered
up to 2.9 kJ, which was within the range tested in a previous
study on t-PBM for depression.11 Each study subject re-
ceived the first t-PBM session in office, after the baseline
visit, for training purposes and to assess tolerability. t-PBM
sessions were kept at 15 min during the first week and in-
creased to 20 min thereafter. The study clinician had the
option to keep the duration of light exposure at 15 min or to
decrease it to 10 min during the trial, based on tolerability.
Table 1 contains information on the device parameters.

Assessments

After baseline assessment, subjects came back to the
clinic for in-person midpoint and endpoint assessments
(weeks 5 and 9, respectively), and they completed weekly
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check-ins over the phone with study clinicians during all
other study weeks. During all check-ins, the study clinician
logged adverse events and administered the CGI-S (see
Primary and Secondary Clinical Outcome Measures sec-
tion). During all check-ins, except weeks 5 and 7, the study
clinician administered the Structured Interview Guide for
the Hamilton Anxiety Scale (SIGH-A). During baseline,
week 4, and week 8, the research assistant recorded the
patient’s vital signs; and during the same visits the clinician
administered additional questionnaires exploring secondary
outcomes, such as comorbid depression and suicidality,
while the participant was asked to complete self-rated as-
sessments on anxiety and other related psychological di-
mension, including sleep.

Primary and secondary clinical outcome measures

The primary outcome measure was the total score of the
SIGH-A15 for anxiety symptoms. This clinician-rated scale
uses a structured interview, specific instructions, and defined
anchor points. Answers to the questions are rated on a scale
of 0–4, with higher scores indicating more severe pathology.
Scores fall into the following categories: mild severity
(<17), mild-to-moderate severity (18–24), and moderate to
severe (25–30). The Clinical Global Impressions-Severity
(CGI-S) and -Improvement (CGI-I) subscales16 were also
used as a secondary measure. Tolerability was assessed with
an Adverse Event Form, which allowed the recording of an
adverse event’s description, start and end dates, intensity
(severity) and seriousness, relation to the treatment, as well
as any action taken and outcome. All characteristics for each
adverse event (including severity) were rated by experi-
enced, licensed, trialist physicians based on subject’s report.
Severity ratings were based on subject’s distress, on com-
promised functioning, and need for action or remedies to
stop the adverse event (i.e., took medication for headache or
stopped using the t-PBM device). The trialist physicians also
evaluated the seriousness of each adverse event based on
conventional indicators of risk, defined by the IRB (i.e.,
hospitalization). Sleep was assessed with a self-rated mea-
sure, the Pittsburgh Sleep Quality Assessment (PSQI).17

Statistical methods

We conducted paired samples t-tests to compare baseline
and endpoint scores (completers) for the SIGH-A, CGI-S,
and for each of the available components of the PSQI. We
repeated these analyses to include participants who dropped
out of the study before the end of their course of t-PBM
sessions, with a last observation carried forward (LOCF)
approach. We used the Cohen’s d formula for paired data to

estimate effect sizes. We reported rates of responders ac-
cording to the SIGH-A scores (at least 50% decrease of
SIGH-A scores from baseline to endpoint or last observa-
tion) and according to the CGI-I (CGI-I equal to 1 ‘‘very
much improved’’ or 2 ‘‘much improved’’ at endpoint or last
observation). No corrections for multiple comparisons were
performed since we identified a primary outcome measure
(SIGH-A) and in line with the exploratory nature of this
pilot study.

Results

Baseline, demographic information, treatment,
and follow-up

We screened 17 participants (12 female) for this study.
All 17 were determined eligible (of note, 1 subject met
criteria for mild alcohol use disorder and the IRB approved
a protocol exception), 2 dropped out of the study before
receiving their t-PBM device. One of these two dropped
because of time commitment and the other was lost to
follow-up. Of the remaining participants, three (two female)
did not complete their course of t-PBM sessions. One of
these subjects dropped because of side effects, another be-
cause of time commitment, and the third did not specify the
reason. Table 2 contains demographic information and
baseline and endpoint scores for all participants who began
treatment, as well as their t-PBM exposure and follow-up.

The final sample consisted of n = 15 participants (10 fe-
male) who received t-PBM. The mean age of the sample
was M = 30 years (standard deviation [SD] = 13.61). Most of
the participants (53.33%) identified as white and non-
Hispanic, whereas 33.33% of the sample identified as Asian,
and 13.33% identified as white and Hispanic. The mean age
of onset was M = 21.58 years (SD = 13.34). The mean
baseline SIGH-A score for the sample was M = 17.27, and
the mean baseline CGI-S score was M = 4.53.

Effect on anxiety

In completers (n = 12), there was a significant difference
in SIGH-A scores at baseline (M = 16.75, SD = 5.14) and
endpoint (M = 6.83, SD = 3.79); t(11) = 5.90, p < 0.001,
Cohen’s d = 1.68. There was also a significant difference in
the CGI-S scores at baseline (M = 4.5, SD = 0.52) and end-
point (M = 2.58, SD = 0.67); t(11) = 9.91, p < 0.001, Cohen’s
d effect size = 3.51. These results suggest that participants
had lower SIGH-A and CGI-S scores, and thus lower levels
of anxiety, after completing their course of t-PBM sessions.
Among completers, 75% and 33% were responders as per
the SIGH-A and as per the CGI-I, respectively. Figure 1
displays the average, weekly SIGH-A scores, for all com-
pleters as well as for responders and nonresponders ac-
cording to the SIGH-A.

We repeated these analyses to also include participants
who did not complete the study (LOCF, n = 15). Their scores
at their last assessment were used as their endpoint scores.
SIGH-A scores still significantly differed between baseline
(M = 17.27, SD = 4.89) and endpoint (M = 8.47, SD = 4.87);
t(14) = 5.71, p < 0.001, Cohen’s d effect size = 1.47. CGI-S
scores also significantly differed between baseline
(M = 4.53, SD = 0.52) and endpoint (M = 2.87, SD = 0.83);
t(14) = 7.91, p < 0.001, Cohen’s d effect size = 2.04. In the

Table 1. Treatment Parameters for Transcranial

Photobiomodulation (Continuous Wave)

Peak wavelength 830 nm
Irradiance 30 mW/cm2

Fluence 36 J/cm2

Duration of t-PBM session 20 min
Treatment window 80 cm2

Total output 2.4 W
Cumulative dose 2.9 kJ

t-PBM, transcranial photobiomodulation.
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evaluation carried-forward sample, 60% and 33% were re-
sponders as per the SIGH-A and as per the CGI-I, respec-
tively. Figure 1 displays the average, weekly SIGH-A
scores, for the evaluation carried forward—as well as for
responders and nonresponders according to the SIGH-A.

Effect on sleep

One participant did not complete the final PSQI assessment
despite completing the clinician-rated forms, so there was one
less completer for the sleep analysis. In completers (n = 11),
their sleep latency at the PSQI decreased significantly
from baseline (M = 1.47, SD = 0.99) to endpoint (M = 0.82,
SD = 0.75); t(10) = 2.76, p < 0.02, suggesting a shorter lag to
fall asleep after 8 weeks of t-PBM. Since self-report forms
were administered infrequently, the whole sample (n = 15) did
not yield additional data points for the PSQI.

Side effects

Overall, the treatment was well tolerated. The side effects
incurred by each participant—excluding the ones deemed
unrelated to t-PBM—are presented in Table 2. The most
common side effects were headaches, experienced by four

subjects, and vivid, detailed, or bad dreams, experienced by
five subjects. Other participants experienced memory and
concentration issues (n = 1), insomnia (n = 2), visual illu-
sions (n = 1), hypersomnia (n = 1), loose stools (n = 1), and
increased appetite (n = 1). All adverse events were rated as
mild to moderate by the trialist physicians—except for one
case of severe headache, which prevented dose increase and
led to t-PBM discontinuation—; none of the adverse events
was deemed serious based on risk assessment.

Discussion

In our pilot trial, t-PBM NIR for the treatment of GAD
appeared effective and well tolerated, with no serious ad-
verse events. Most noticeably, participants who completed
the 8-week trial of t-PBM showed the most pronounced
reduction in anxiety symptoms.

These results are consistent with the previous studies that
found an anxiolytic effect combined with the antidepressant
effect of t-PBM. Schiffer et al.9 treated nine MDD subjects
with comorbid anxiety and traumatic stress disorders (mean
[SD] HAM-A total score 23.0 [12.2]) with a single session
of t-PBM. Their study showed a significant improvement in

FIG. 1. Average, weekly SIGH-A
scores, for all samples (A) and for com-
pleters (B), as well as for responders and
nonresponders, according to the SIGH-A.
SIGH-A, Structured Interview Guide for
the Hamilton Anxiety Scale.
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anxiety at weeks 2 and 4 (delta HAM-A total score were
14.9 and 9, respectively). We demonstrated that similar
anxiolytic effects could be attained, and maintained up to
week 8, with repeated t-PBM sessions in a well-characterized
sample of primary GAD patients. Since, in our sample, no
subject experienced concurrent MDD, the effects on anxiety
could not be ascribed to an underlying antidepressant effect.
While the exact mechanisms for the anxiolytic effects of t-
PBM in humans are still under investigation, a preclinical
study in mice showed that t-PBM increased serotonin levels
and decreased nitric oxide in both the prefrontal cortex and the
hippocampus.18 The same authors showed that t-PBM also
decreased cortisol levels in the serum.

Further, our results indicate that t-PBM might improve
sleep in GAD patients, in terms of decreased latency. Our
findings on sleep are in line with previous findings of im-
proved sleep in patients treated with t-PBM for dementia19

and traumatic brain injury.13,20

Last but not least, our study suggests that t-PBM, deliv-
ered by an LED-cluster device, is feasible as in-home self-
administration. In fact, a single in-office session was suffi-
cient to demonstrate the method of use for the device and
none of our study participants reported any difficulties with
self-administration.

Our study has several limitations: (1) The lack of a placebo
control group prevents an accurate estimate of the effect size
of t-PBM for the reduction of anxiety symptoms. (2) The
generalizability of our findings is likely to be affected by our
small sample size. Yet, by selecting as an entry diagnosis a
single anxiety disorder, the specificity of our findings is
greatly improved as compared with prior studies reporting
similar effects of t-PBM in multiple anxiety disorders, often
with MDD as a comorbidity. (3) The lack of a long follow-up
prevents any inference being made concerning both long-
term efficacy and tolerability; however, a case report suggests
that long-term use of t-PBM for anxiety might be a viable
option.14 (4) Biomarkers of anxiety or fear were not included,
thus preventing any correlation of clinical findings with un-
derlying biological processes.

Conclusions and Summary

Overall, this pilot study suggests that t-PBM, has the
potential to be an effective, novel treatment for GAD. Our
subjects experienced a significant decrease in levels of
anxiety, with relatively few, mostly mild, and transient side
effects and no serious adverse events. Our encouraging
findings deserve further testing in well-powered, double
blind, sham-controlled trials. Safety, tolerability, and ac-
ceptability of t-PBM cannot be ascertained in the absence of
rigorous trials and long-term follow-up studies.

If more rigorous studies confirmed our findings, t-PBM
could be an attractive alternative for patients who decline
medications and who cannot commit to weekly psycho-
therapy sessions. t-PBM could also be an alternative anxi-
olytic treatment for patients who did not respond to
medications or to psychotherapy.
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