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Abstract

Objective. Fibromyalgia is a functional pain disorder in which patients suffer from widespread pain and poor quality of life.
Fibromyalgia pain and its impact on quality of life are not effectively managed with current therapeutics. Previously, in a pre-
clinical rat study, we demonstrated that exposure to green light-emitting diodes (GLED) for 8 hours/day for 5 days resulted
in antinociception and reversal of thermal and mechanical hypersensitivity associated with models of injury-related pain.
Given the safety of GLED and the ease of its use, our objective is to administer GLED as a potential therapy to patients with
fibromyalgia. Design. One-way crossover clinical trial. Setting. United States. Method. We enrolled 21 adult patients
with fibromyalgia recruited from the University of Arizona chronic pain clinic who were initially exposed to white
light-emitting diodes and then were crossed over to GLED for 1 to 2 hours daily for 10 weeks. Data were collected by
using paper surveys. Results. When patients were exposed to GLED, but not white light-emitting diodes, they
reported a significant reduction in average pain intensity on the 10-point numeric pain scale. Secondary outcomes
were assessed by using the EQ-5D-5L survey, Short-Form McGill Pain Questionnaire, and Fibromyalgia Impact
Questionnaire and were also significantly improved in patients exposed to GLED. GLED therapy was not associated
with any measured side effects in these patients. Conclusion. Although the mechanism by which GLED elicits pain re-
duction is currently being studied, these results supporting its efficacy and safety merit a larger clinical trial.
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Introduction

Fibromyalgia is a clinical syndrome in which patients ex-
perience widespread pain, loss of energy, and possible
cognitive or psychiatric dysfunction [1]. In the United
States, the prevalence of fibromyalgia is 2% to 3%, and
it is considered to be one of the common causes of
chronic pain in women between the ages of 20 and 55
years [2, 3]. For reasons that are still unclear, women are
more predisposed to fibromyalgia; six to nine patients
out of 10 are females [4, 5]. Because the etiology of fibro-
myalgia is not clearly known [6, 7], treatments focus on
symptom management. There are several classes of medi-
cations that may be used to reduce fibromyalgia symp-
toms. These include tricyclic antidepressants, serotonin
and norepinephrine reuptake inhibitors, and anticonvul-
sants. Randomized clinical trials have demonstrated that
25% to 45% of patients obtained relief with tricyclic
antidepressants [8—10]. Serotonin—norepinephrine reup-
take inhibitors are also used. A meta-analysis of six ran-
domized clinical trials involving more than 2,200
patients showed that 60 mg/day of duloxetine reduced
pain by 30% to 50% in the patient population [11]. A
randomized clinical trial combining pregabalin and
duloxetine provided better pain control than monother-
apy for fibromyalgia patients. Patients usually respond
better when both pharmacological and nonpharmacolog-
ical modalities are used in a multidisciplinary fashion
[12].

The side effects associated with some of the current
pharmacological therapies for fibromyalgia may be se-
vere enough to force some patients to abandon them
[13]. For example, duloxetine is associated with hyperhi-
drosis, somnolence, diarrhea, insomnia, fatigue, dizzi-
ness, constipation, headache, dry mouth, and nausea to
different extents in individual patients [14]. Physical ther-
apy may offer benefit for some fibromyalgia patients
[15-17]. However, adherence to physical therapy is de-
pendent on the patient’s ability to tolerate the therapy
and willingness to participate. Additionally, patients
with more severe symptoms of fibromyalgia typically
have lower levels of aerobic fitness [18]. Thus, the addi-
tion of complementary and nonpharmacological means
to manage fibromyalgia may provide better pain control
and improve patients’ quality of life.

Light therapy has been used for the treatment of sev-
eral medical conditions, including sleep disorders [19],
depression [19], circadian deregulation [20], wound heal-
ing [21], and back pain [22] in young and elderly popula-
tions. Most recently, green light exposure was found to
treat actinic keratosis with less pain than seen with red
light exposure [23]. Additionally, there is some evidence
that being present in environments that are rich in the
color green (e.g., forest bathing) can decrease pain and
have other health benefits [24]. In conditions of central
sensitization, such as migraine [25], some research
groups also reported benefits from exposure to green

light [26]. Therefore, colored light may have many bio-
logical functions with minimal side effects. Harnessing
the biological effects of colored light may be a relatively
safe method to complement our management of hard-to-
manage conditions, such as fibromyalgia.

We recently reported anti- and pronociceptive effects
associated with exposure to green and red light, respec-
tively, in rats [27, 28]. Rats exposed to green light-
emitting diodes (GLED) of 525 nm with intensity ranging
from 4 to 100 lux for 8 hours/day developed antinocicep-
tion and anti-allodynia in animal models of nociception
and neuropathic pain, respectively, which was mediated
through the visual system [27]. Few studies have investi-
gated possible effects of light therapy on pain.

Given the low risk potential for side effects associated
with low-intensity GLED exposure, we tested the pri-
mary hypothesis that, among patients diagnosed with fi-
bromyalgia who failed traditional therapy, exposure to
GLED would decrease their pain. Additionally, we tested
the hypothesis that exposing patients with fibromyalgia
to GLED would improve their functionality and their
ability to fall and stay asleep as secondary outcomes.
Here, we report the results of our study with a one-way
crossover approach of patients with fibromyalgia ex-
posed to GLED.

Methods

Study Design

This is a one-way crossover clinical trial. This article adheres
to the applicable Transparent Reporting of Evaluations with
Nonrandomized Designs (TREND) guidelines.

Setting
The patients were recruited mostly from the University of
Arizona/Banner Medical Center (Tucson, Arizona)

chronic pain clinic between August 2016 and October
2019. Recruitment was done by word of mouth at the
chronic pain clinic by fellowship-trained pain physicians.
These are patients with chronic pain who have been
known to the recruiting physicians for months to years.

Inclusion/Exclusion Criteria
Inclusion Criteria

1. Eighteen years or older and can speak and understand English.

2. Meets the diagnostic criteria for fibromyalgia according to the
2016 revisions to the 2010/2011 fibromyalgia diagnostic criteria
(29]

3. Average numeric pain score of 5 out of 10 or greater over the 10
weeks prior to enrolling in the study and failure of medical ther-
apy to control the pain.
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Exclusion Criteria

1. Serious mental illness, defined as distortions of perception, delusions,
hallucinations, and unusual behaviors resulting in loss of contact
with reality. This was assessed during the screening interview.
Patients with psychiatric disorders had their medical records reviewed
to ensure they were not diagnosed with serious mental illness.

2. History of color blindness or uncorrected cataracts.

3. Subjects receiving remuneration for their medical conditions.

Light-Emitting Diodes

All visible spectrum light-emitting diode (LED) flex strips
were purchased from ledsupply.com (vendor, Vermont,
USA). The green LEDs were #LS-AC60-6-GR (525-nm
wavelength [i.e., green], 8 watts, 120 volts, 120-degree
beam angle), and the white LEDs were #LS-AC60-66-
WH (9.6 watts, 120 volts, 120-degree beam angle). A lux
meter (HDE, Allentown, Pennsylvania, USA) was used to
determine the illuminance and luminous emittance of the
LED strips. The LED strips were not manufactured as
medical devices.

Light Exposure Protocol

Our study was inspired by the positive results obtained
with GLED therapy in animals in different preclinical
pain models [27, 28], as well as by the noninvasive na-
ture of green light. Given the severity of the recruited
patients’ fibromyalgia pain, in spite of previous therapeu-
tics, and given the lack of side effects seen in animals ex-
posed to GLED, the patients consented to undergo the
GLED therapy after Institutional Review Board approval
was obtained from the University of Arizona. The present
study used a one-way crossover design. Patients with fi-
bromyalgia were assigned to the white LEDs (WLED;
control) first and then crossed over to the GLED therapy.
To minimize bias, the patients were not told about the
positive effects of GLED on animals.

The patients were initially provided with a WLED
strip that was 2 meters long. We used electrical tape to
cover some light bulbs to achieve light intensity of 4 and
100 lux measured at approximately 1 and 2 meters, re-
spectively, from a lux meter. Patients were free to change
the distance of the light source between 1 and 2 meters
from their eyes to find the intensity that best suited them.
To achieve this intensity, we covered two of every three
light bulbs across the whole 2-meter strip. The patients
were instructed to take the LED strip home and use it in
a dark room with no other source of light except the light
strip we provided for a minimum of 1hour every day,
with the option to increase the exposure time to 2 hours
daily for 10 weeks. The patients were instructed not to
fall asleep while undergoing the light therapy. We en-
couraged the patients to participate in activities that did
not require an additional source of light, such as writing,
reading, listening to music, etc. We discouraged the

patients from engaging in any activity that could intro-
duce another source of light, such as watching television
or using devices with screens, such as computers, tablets,
or mobile phones. We provided the patients with several
paper surveys to document the primary and secondary
outcomes.

After WLED exposure for a minimum of 1 hour and a
maximum of 2 hours daily for 10 weeks with a minimum
intensity of 4lux and maximum of 100 lux, the patients
GLED
“washout” period. The patients were provided with
GLED of 525-nm wavelength, with similar exposure
parameters as the WLED. The patients were asked to
eliminate other sources of extraneous light (no use of tel-
evisions, computers, or smartphones; curtains drawn and
existing room lights turned off). The patients were en-
couraged to keep their eyes open, to blink at a normal
rate, and not to stare directly at the light source. The
patients were encouraged to engage in any activity while
undergoing the GLED therapy, such as reading or listen-
ing to music, and avoid falling asleep. The patients were
allowed to continue their current medical therapy as rec-
ommended by their treating physicians. They were also
allowed to start any new medications as recommended
by their treating physicians. Patients were instructed to
document all medications used for their pain. The
patients self-reported the data every 2 weeks while under-
going the study to minimize the chances of recall bias.
Figure 1 represents the study design.

were crossed over to the after a 2-week

Surveys for Data Collections

The patients were provided with six paper surveys to fill
out. The recruiting physicians explained the surveys to
the recruited patients to minimize errors in filling them
out. This was done on the day of recruitment. The first
survey documented the number of hours per day patients
were exposed to the LED strips. The second survey docu-
mented their daily analgesic(s) requirement. The third
survey, the validated EQ-5D-5L, was designed to evalu-
ate a global quality of life of patients with pain [30]. The
fourth survey was a modified follow-up pain clinic survey
from the University of Arizona pain clinic to document
the patients’ average numeric pain scale (NPS) and the
percent improvement of their fibromyalgia pain averaged
at the end of every 2 weeks for 10 weeks. The fifth survey
was the validated Short-Form McGill Pain Questionnaire
(SF MPQ) [31]. The sixth survey was the validated
Fibromyalgia Impact Questionnaire (FIQ) [32]. The
patients were contacted at least once every 2 to 3 weeks
to answer any questions they may have had.
Additionally, they had unlimited access to the research
staff and were able to contact the staff with any question
at any time. At the end of the 10 weeks, patients returned
all the surveys, and the data were entered into a database
for analysis.
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Figure 1. Study design: one-way crossover clinical trial. Twenty-five patients with fibromyalgia were screened for the study, and
two patients refused to enroll. Twenty-three patients were assigned to the control WLED group first. Two patients withdrew im-
mediately from the study because of lack of effect or inability to secure the time needed to conduct the study. Analysis did not
include these two patients. After 10 weeks of daily WLED, all of the 21 patients who finished the WLED treatment underwent a 2-
week washout period and were then crossed over to the GLED treatment.

Outcome Measures

The primary outcome measure was the reduction in the
average intensity of fibromyalgia pain, as measured by
the NPS. Secondary outcome measures included a de-
crease in the frequency of pain episodes, a decrease in the
duration of pain episodes, an improvement in the ability
to fall asleep and stay sleep, an improvement in the abil-
ity to perform work and daily activity, an improvement
in quality of life, an improvement in the SF MPQ, an im-
provement in the FIQ, an improvement in the EQ-5D-5L
survey, and a reduction in pain medications, as reported
by the provided surveys.

Study Approval

This study has been conducted according to Declaration
of Helsinki principles. All study subjects provided writ-
ten, informed consent before enrolling, and the study was
approved by the University of Arizona Institutional
Review Board. We recruited 21 patients meeting the
American College of Rheumatology criteria for fibromy-
algia (20 females and one male) for the study. All patients

failed traditional therapies for fibromyalgia. This study is
registered with clinicaltrials.gov under NCT03677206.

Statistical Analysis

All returned survey data were analyzed. If a survey was
not completed, or if the answer was not legible and we
were not able to contact the patient for clarification, we
excluded that survey from analysis. Applying these crite-
ria, we were not able to analyze three GLED SF MPQs
and one WLED SF MPQ, three GLED FIQs and two
WLED FIQs, four GLED EQ-5D-5L surveys and two
WLED EQ-5D-5L surveys. If a patient did not have one
of the parameters affected by fibromyalgia, we asked the
patient to write “not applicable” (N/A) next to it, and we
did not include this particular parameter in the analysis.
For example, if the patient had no problem going to
work secondary to his/her fibromyalgia, the patient
would mark “N/A” next to the question inquiring about
improvement of “ability to work.” To analyze our
results, we chose to use rank tests, as the data corre-
sponded to qualitative ordinal data. We used Mann-
Whitney tests to determine statistical significances
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comparing groups that were not paired. For paired
groups (before and after), we used Wilcoxon matched-
pairs signed rank tests. Statistical significance was con-
sidered when the P value was measured at 0.05 or less.
We used GraphPad Prizm 8 for statistical analysis.

Results

Patient Demographics and Baseline Pain Data

The average age (*+ standard error of the mean [SEM]) of
the patients at the time of recruitment was 53.25 = 2.9 years
(range: 26 to 75 years). Although males can experience fi-
bromyalgia, females have a greater prevalence of fibromyal-
gia [33, 34]. With the exception of one male patient, all
recruited patients were females. This predominance of fe-
male patients in the study was unintentional. Table 1 illus-
trates the demographics of the recruited patients.

Patient Recruitment

We screened 25 patients with fibromyalgia for the study.
Two patients refused to enroll. We recruited 23 patients
with fibromyalgia into the study. All patients were

Table 1. The demographics and initial pain score of the
recruited patients with fibromyalgia

enrolled in the WLED group first (control). One patient
withdrew from the study because of lack of effect.
Another patient withdrew immediately because of inabil-
ity to secure the time needed to conduct the study. These
two patients were excluded from analysis. All of the 21
patients who finished the WLED treatment were crossed
over into the GLED treatment (Figure 1).
The patients were not monetarily compensated.

Exposure Time

On average, patients used the WLED for 1.6 +0.02
(SEM) hours/day, as assessed by self-report. Patients used
the GLED for 1.45 = 0.02 (SEM) hours/day. On average,
patients remained in the WLED group for an average of
7 weeks before crossing over to the GLED group. When
patients were asked about the reason for early termina-
tion, they reported the lack of effect to be the reason for
early termination of the WLED exposure. No side effects
or intolerability issues were cited. Patients remained in
the GLED group for 9.37 = 0.3 (SEM) weeks of the
10 weeks.

Table 2. NPS scores before and after WLED or GLED exposure

NPS Initial value = SEMFinal value = SEMn P value Significance

Demographics WLED  8.71 = 0.24 8.14+040 21 0.14
Average age, years 532529 GLED 8.38 £0.27 4.86 = 0.44  21<0.0001 EE
Female, % 95%
Male, % 5% Data are presented as average = SEM.
Caucasians, % 71% WLED exposure did not produce a statistically significant reduction in
Hispanics, % 29% NPS scores (scale 0-10). GLED exposure produced a statistically significant
Average pain score (0-10) 8.7 +0.24 reduction in the NPS scores (Wilcoxon matched-pairs signed rank test,
***P <0.001).
Data are presented as percent or average = SEM.
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Figure 2. Pain score evaluation before and after WLED and GLED exposure. (A) WLED exposure did not significantly change the
pain intensity baseline represented by bar on the left hand side of panel A for patients with fiboromyalgia evaluated with the NPS
(n=21), and (B) GLED exposure statistically decreased the baseline represented by bar on the left hand side of panel B pain in-
tensity for patients with fibromyalgia evaluated with the NPS (n =21, Wilcoxon matched-pairs signed rank test, ***P<0.001).
NPS, = initial NPS; NPSg = final NPS. (C) Results represent NPS score improvement in both WLED and GLED groups. Values
correspond to the initial score subtracted from the final score. Patients exposed to GLED reported significantly higher NPS pain
reduction than patients exposed to WLED (n =21, Mann-Whitney test, ***P < 0.001). (D) Patients exposed to GLED for greater
than 1.5 hours/day (>1.5 h/day) reported slightly higher, but not statistically significant, NPS pain reduction than that of patients
exposed to GLED for less than 1.5 hours/day (<1.5 h/day) (n =10-11, Mann-Whitney test, P=0.4750).
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Figure 3. FIQ scores before and after WLED or GLED exposure. (A) WLED exposure produced a small but statistically significant
reduction in FIQ. (B) GLED exposure produced a statistically significant larger reduction in the FIQ (scale 0-100, where 0 = no im-
pact from fibromyalgia, and 100=worst possible impact from fibromyalgia). Data are presented as average = SEM (n
[WLED] =19, n [GLED] = 16, Wilcoxon matched-pairs signed rank test, *P< 0.05, ***P < 0.001). (C) Results represent FIQ score
improvement in both WLED and GLED groups. Values correspond to the initial score subtracted from the final score. Patients
exposed to GLED reported significantly higher FIQ score improvement than did patients exposed to WLED (n [WLED]=19, n

[GLED] = 16, Mann-Whitney test, ***P<0.001).

Table 3. FIQ results before and after WLED or GLED exposure

Initial Final
FIQ value = SEM value # SEM n  Pvalue Significance
WLED 76.53 = 2.11 66.1 £4.84 19 0.012 *
GLED 71.62 £3.74 42.7 £ 4.9 16 <0.0001 Foe

Data are presented as average = SEM.

WLED exposure produced a small but statistically significant reduction in
FIQ. GLED exposure produced a statistically significant larger reduction in
the FIQ (scale 0-100, where O=no impact from fibromyalgia, and
100 =worst possible impact from fibromyalgia) (Wilcoxon matched-pairs
signed rank test, *P < 0.05, ***P < 0.001).

Primary Outcome

Pain intensity was measured with the average NPS (aver-
aged every 2 weeks). WLED exposure had no significant
effect on pain intensity for patients with fibromyalgia.
Their NPS pain intensity was 8.7 0.2 (SEM) (range
from 7 to 10) and 8.1 = 0.4 (SEM) (range from 4 to 10)
before and after exposure to WLED light, respectively
(Figure 2A and Table 2). Patients were then crossed over
to the GLED treatment after a 2-week washout period
and were instructed to follow the same exposure parame-
ters. They reported a statistically significant reduction in
their average NPS pain intensity, from 8.4 = 0.3 (SEM)
(range from 6 to 10) to 4.9 = 0.4 (SEM) (range from 2 to
10) (Figure 2B and Table 2). When NPS score improve-
ments in the WLED and GLED groups were compared,
patients who were exposed to GLED presented a reduc-
tion in their NPS score of 3.5 = 0.4 (SEM) versus a reduc-
tion of 0.6 = 0.3 (SEM) for patients exposed to WLED
(Figure 2C). Patients with an average exposure to GLED
of 1.5 hours/day or less reported a reduction of 3.4 = 0.4

(SEM) points (i.e., improvement) in the NPS score.
Patients who were exposed to GLED for an average of
1.5 hours/day or more reported a reduction of 3.90 = 0.7
(SEM) points in their NPS score (P=0.4750) (Figure
2D).

We also compared the degree of pain reduction after
exposure to GLED between premenopausal and post-
menopausal patients (data not shown). In premenopausal
patients, GLED decreased the NPS by 4.25 =1 (SEM)
points. In postmenopausal patients, GLED decreased the
NPS by 3.76 + 0.44 (SEM) points. No statistically signifi-
cant difference was noted between the pre- and postmen-
opausal patients’ responses to GLED.

Secondary Outcomes

Although the reduction in pain intensity was encourag-
ing, it is also important to evaluate the potential effects
of GLED exposure on quality-of-life measures. We used
the FIQ to assess the effects of WLED and GLED expo-
sure on the health status of patients with fibromyalgia.
Patients reported a small but statistically significant im-
provement in the FIQ score after exposure to WLED
(Figure 3A and Table 3). GLED exposure, on the other
hand, produced a significantly greater improvement of
the FIQ score than did WLED exposure. (Figure 3B and
C and Table 3).

We also asked the patients to subjectively evaluate
their pain frequency; duration of pain episodes; ability
to fall asleep, stay asleep, work, exercise, and do
household chores; and their overall quality of life.
WLED exposure did not significantly improve the eval-
uated parameters in patients with fibromyalgia (Figure
4 and Table 4). GLED exposure, on the other hand,
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Figure 4. Patients’ subjective improvement of several criteria after WLED or GLED exposure. WLED exposure produced minimal
improvement in several parameters for patients with fibromyalgia, whereas GLED exposure produced significant improvement
in all parameters. Data are presented as average = SEM (n [WLED]=18-19, n [GLED]=12-21, Mann-Whitney test,

**¥P<0.001).

Table 4. Improvement of different quality of life criteria after WLED or GLED exposure

Function % Improvement = SEM (WLED) nwigp % Improvement = SEM (GLED) ngrgp P value  Significance

Pain intensity 11.6 + 3.53 19 42,5+ 5.81 21 <0.0001

Pain frequency 13.7 + 5.31 19 42.6 + 6.70 19 0.0006

Pain duration 12.6 + 5.34 19 41.1=6.76 18 0.0007 sor

Ability to fall 11.1 = 5.41 18 51.4+9.77 14 0.0001
asleep

Ability to stay 10.0 * 4.91 18 541 £ 11.31 12 0.0004 e
asleep

Ability to work 7.7 +3.29 18 36.5 = 4.60 20 <0.0001 "

Ability to exercise 739+ 2.74 19 33.0 = 4.24 20 <0.0001 wae

Ability to perform 9.47 = 3.54 19 40.0 £ 5.18 18 <0.0001 ok
chores

Data are presented as average = SEM.

WLED exposure produced a minimal improvement in several parameters in patients with fibromyalgia. The following criteria were evaluated after

completion of WLED therapy as compared with baseline (n=19): percent

improvement of pain intensity, pain frequency, pain duration, ability to fall

asleep, ability to stay asleep, ability to work, ability to exercise, and ability to do chores. GLED exposure produced a significant improvement in all mea-

sured parameters in patients with fibromyalgia (n=19).
#*%P < 0.001.

produced significant improvement in all measured
parameters (Figure 4 and Table 4). Patient health status
was evaluated through the EQ-5D-5L questionnaire
(Figure 5). Both WLED and GLED exposure produced
a statistically significant improvement in patients’ qual-
ity of life as assessed with the EQ-5D-S5L surveys
(Figure SA and B and Table 5), but GLED exposure
was responsible for a significantly greater improvement
than was WLED (Figure 5C). When the patients
reported their perception of their own health, both
WLED and GLED improved this parameter (Figure 5D
and E and Table 5), and no significant differences were
noted between the two groups (Figure SF).

SF MPQ results demonstrated minor, but statistically
significant, changes from baseline in 6 of the 15 descrip-
tive pain measures, including the “throbbing,” “tender,”
“sickening,” “shooting,” “aching,” and “stabbing” com-
ponents of their pain (Figure 6 and Table 6). On the
other hand, SF MPQ analysis demonstrated statistically
significant improvements from baseline in 12 of the 15
descriptive pain measures. Indeed, patients exposed to
GLED showed improvements in all the sensory and affec-
tive components, except in the “fearful” aspect (Figure 7
and Table 7).

Assessing the reduction in pain medication second-
ary to GLED was challenging. Patients were on

%«
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Figure 5. Quality of life and patients’ perception of their own health after WLED or GLED exposure. (A) WLED exposure pro-
duced a small but statistically significant improvement in the quality of life and patients’ perception of their own health as mea-
sured by the EQ-5D-5L survey (n=20, Wilcoxon matched-pairs signed rank test, *P<0.05). (B) GLED exposure produced
greater and statistically significant improvement in the quality of life and the patients’ perception of their own health as mea-
sured by the EQ-5D-5L survey (n=17, Wilcoxon matched-pairs signed rank test, **P< 0.01). (C) Results represent EQ-5D-5L
score improvement in both WLED and GLED groups. Values correspond to the initial score subtracted from the final score.
Patients exposed to GLED reported significantly higher EQ-5D-5L scores than did patients exposed to WLED (n [WLED]=21, n
[GLED] =17, Mann-Whitney test, *P< 0.05). (D) WLED exposure produced a small but statistically significant improvement of
the quality of life and patients’ perception of their own health as measured by the EQ 5D-5L survey (n =21, Wilcoxon matched-
pairs signed rank test, *P<0.05). (E) GLED exposure also produced a significant improvement of the quality of life and the
patients’ perception of their own health as measured by the EQ 5 D-5L survey (n =17, Wilcoxon matched-pairs signed rank test,
***P<0.001). (F) Results represent patients’ own perception of improvement in both the WLED and GLED groups, as reported
in the EQ-5D-5L. Values correspond to the initial score subtracted from the final score. Patients exposed to GLED did not report
a significantly higher improvement in their perception of their own health (n [WLED] =21, n [GLED]= 17, Mann-Whitney test,
P=0.2275). Data are presented as average = SEM.

Table 5. EQ-5D-EL survey evaluation after WLED or GLED exposure

EQ-5D-5L Initial value = SEM Final value + SEM N P value Significance
WLED

Index (0-1) 0.37 = 0.03 0.50 = 0.04 21 0.0061 o
Health Perception (0-100) 40.7 = 4.89 52.8 £ 4.41 21 0.017 *
GLED

Index (0-1) 0.44 = 0.04 0.70 = 0.04 17 0.0002 i
Health Perception (0-100) 43.2 * 4.62 60.2 = 5.46 17 0.001 -

Data are presented as average = SEM.
WLED exposure produced a statistically significant improvement in the EQ-5D-5L index. Index scale was 0-1, where 0 = worst quality of life, and
1=best quality of life. WLED also produced a small significant improvement in the patients’ own perceived health according to the EQ-5D-5L survey
(health perception scale 0-100, where 0 =worst imagined health, and 100 = best imagined health; n =21, Wilcoxon matched-pairs signed rank test,
*P <0.05, **P <0.01). GLED exposure produced a statistically significant improvement in the EQ-5D-5L index and the patients’ own perceived health

according to the EQ-5D-5L survey (n = 17, Wilcoxon matched-pairs signed rank test, ***P < 0.001).
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Figure 6. SF MPQ scores before and after WLED exposure in patients with fiboromyalgia. WLED exposure significantly decreased
6 of the 15 baseline values for patients with fibromyalgia in the SF MPQ. Data are presented as average = SEM (n=20,

Wilcoxon matched-pairs signed rank test, *P< 0.05, **P<0.01).

Table 6. SF MPQ scores before and after WLED exposure

Initial score (0-3) +

Final score (0-3) =

Descriptive SEM SEM n P value Significance
Throbbing 1.85 £0.22 1.40 £ 0.24 20 0.047

Sharp 1.85 £ 0.22 1.80 = 0.24 20 >0.999

Hot 1.70 £ 0.25 1.47 £ 0.30 20 0.41

Tender 2.45+0.19 2.10 = 0.20 20 0.0016

Sickening 1.75 £ 0.22 1.15 +0.23 20 0.0054

Shooting 1.85 £ 0.23 1.40 = 0.25 20 0.035

Cramping 1.70 £ 0.27 1.50 £ 0.24 20 0.36

Aching 2.55 £0.17 2.25 £0.16 20 0.031

Splitting 1.50 = 0.22 1.30 = 0.25 20 0.37

Fearful 1.35£0.26 1.10 £ 0.27 20 0.31

Stabbing 2.10 = 0.24 1.55 = 0.26 20 0.032 *
Gnawing 1.70 = 0.25 1.70 = 0.24 20 >0.999

Heavy 1.65 £ 0.24 1.70 = 0.23 20 0.97

Tiring 2.60 =0.15 2.45+0.20 20 0.25

Punishing 1.60 = 0.30 1.50 = 0.31 20 0.77

Data are presented as average = SEM.

WLED exposure produced some improvement for some of the components of the SF MPQ., (n=20, Wilcoxon matched-pairs signed rank test,

*P<0.05, ** P < 0.01).

pharmacologically different classes of medication as
they began the studies. For example, some patients
with comorbid arthritis were on nonsteroidal anti-

inflammatory drugs, whereas others were taking

muscle relaxants on an as-needed basis. Therefore, we
were not able to average and compare pain medica-
tion reduction in these patients. However, 11 patients
self-reported that they had reduced their habitual pain
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Figure 7. SF MPQ scores before and after GLED exposure in patients with fiboromyalgia. GLED exposure significantly decreased
12 of the 15 baseline values for patients with fibromyalgia in the SF MPQ. For each parameter, the top bar represents the Before
GLED value while the bottom bar represent the After GLED value. Data are presented as average = SEM (n =18, Wilcoxon
matched-pairs signed rank test, *P< 0.05, **P<0.01, ***P<0.001).

Table 7. SF MPQ scores before and after GLED exposure

Initial score (0-3) +

Final score (0-3) =

Descriptive SEM n P value Significance
Throbbing 1.88 = 0.27 1.00 = 0.20 18 0.0005 e
Sharp 1.72 = 0.28 1.00 = 0.23 18 0.0005 wE
Hot 1.89 = 0.27 1.11 £ 0.23 18 0.0078 ok
Tender 2.50 £0.17 1.44 =+ 0.20 18 0.0001 e
Sickening 1.17 = 0.22 0.89 = 0.25 18 0.3438

Shooting 2.00 £0.23 1.00 = 0.20 18 0.0002 ok
Cramping 1.50 = 0.26 0.89 £0.14 18 0.0225 *
Aching 2.61 £0.12 1.61 = 0.16 18 <0.0001 o
Splitting 1.22 = 0.24 0.78 = 0.24 18 0.0313 *
Fearful 0.94 = 0.26 0.78 = 0.22 18 0.6152

Stabbing 1.83 £ 0.29 0.94 = 0.23 18 0.0039 w3
Gnawing 1.61 =0.27 0.94 = 0.17 18 0.0549

Heavy 2.00 = 0.27 0.83 = 0.20 18 0.0022 w
Tiring 2.72 +£0.16 1.56 £ 0.23 18 0.0003 FEE
Punishing 1.61 = 0.30 0.72 = 0.23 18 0.0146 *

Data are presented as average = SEM.
GLED exposure significantly improved 12 of the 15 components of the SF MPQ (n=18, Wilcoxon matched-pairs signed rank test, *P <0.03,

**P<0.01, ***P < 0.001).

medications (including opioids) while being exposed ~ Discussion

to GLED.

Adverse Events

This study investigated the use of GLED as a nonpharma-
cological approach to managing fibromyalgia pain. To

No adverse events were reported or noticed in any of the ~ our knowledge, this one-way crossover design efficacy-
participants secondary to either WLED or GLED  study clinical trial is the first description of a successful

exposure.

implementation of GLED exposure as a therapy to
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manage fibromyalgia pain without any reported side
effects. The patients enrolled in this study reported signif-
icant reduction in their overall average pain intensity, fre-
quency, and duration after GLED treatment relative to
the WLED control condition. Patients who were exposed
to GLED for an average of 1.5hours/day or more
reported slightly greater pain reduction than those who
were exposed to GLED for an average of less than
1.5 hours/day. However, although there was a trend to-
ward having greater NPS pain reduction with longer ex-
posure to GLED, that difference was not significantly
different. Additionally, the menopausal state of patients
did not affect their responses to GLED. The patients’
ability to fall asleep, remain asleep, and perform chores
also improved with GLED exposure. Although it has
long been established that pain and sleep are intimately
related [35, 36], whether GLED improved pain, which
then led to an improvement in sleep, or vice versa could
not be determined in the present study. Light therapy can
affect sleep; it has been previously documented that blue
light suppresses melatonin release and delays the onset of
sleep [37, 38]. Therefore, it is possible that GLED ther-
apy may have independently improved both sleep and
pain by the same or different mechanisms. The potential
effects of GLED on sleep in animals is currently being in-
vestigated in our laboratory.

The recruited patients reported significant improve-
ment not only in terms of their pain scores, but also with
regard to their perception of their overall health as mea-
sured by the EQ-5D-5L survey after exposure to GLED.
This is possibly secondary to improvements in pain and
sleep. Depression is comorbid with both sleep disorders
and chronic pain [39]. It is also possible that GLED ther-
apy may have simply elevated patients’ “mood,” leading
to a more positive perception of their own health. GLED
also resulted in statistically significant improvement in
12 of the 15 components of the SF MPQ, as well as the
FIQ. WLED produced some improvements in six compo-
nents of the SF MPQ and FIQ, but these improvements
were less robust than those seen with GLED.

For 11 of the recruited patients, GLED was associated
with a self-reported reduction in pain medication, but
this effect was not consistently observed. The pain medi-
cations included opioids, nonsteroidal anti-inflammatory
drugs, tricyclic antidepressants, serotonin and norepi-
nephrine reuptake inhibitors, acetaminophen, and mem-
brane stabilizers (gabapentin and pregabalin). Given that
we took into consideration only pain medications that
were used on a daily basis, and appreciating that patients
may use pain medications for the management of tran-
sient unrelated pain, it was difficult to draw a conclusion
about the reduction in pain medications after GLED ther-
apy. However, there was a nonsignificant trend toward a
decreased need for pain medications. It is also possible
that patients were reluctant to decrease their pain medi-
cations in the time given to gather the data during this
study, despite improvement in their pain, because some

of these medications require careful titration by the pre-
scribing physicians. For example, abrupt cessation of
gabapentin may result in seizures [40] and catatonia [41].
Therefore, patients are typically advised to contact their
physicians before decreasing gabapentin [42]. A longer
follow-up is needed to better evaluate the effect of GLED
on the likelihood of reducing the amount of pain
medication.

Other studies have shown that different light wave-
lengths may influence the perception of pain. Hoggan
et al. recruited patients with chronic migraine and then
asked them to wear special filter glasses that block out
certain color wavelengths during all waking hours for 2
weeks, followed by completing the Headache Impact
Test survey to evaluate the intensity and the effect of the
migraine pain on their daily activities. That study
reported that blocking either red or blue light by using
glasses coated with thin filters lowered the intensity of
pain experienced by migraine patients [43]. Although the
Hoggan et al. study focused on blocking a specific wave-
length in the red spectrum, it is important to note that
the glasses allowed the green wavelength to pass through
relatively unimpeded. It is possible that the effects
reported by this group were attributable not only to
blocking of red and blue light but also to relatively sus-
tained exposure to green light. Noseda and colleagues in-
vestigated the effects of several visible wavelengths on
patients with acute migraine attack. They noticed that
patients with acute migraine had increased photophobia
when exposed to different wavelengths, but the color
with the least photophobia was green. Additionally, they
noted that about 20% of the patients in their green light
group reported improved migraine pain intensity by
about 15% during an acute migraine attack [26]. Our
results are in agreement with both of these studies and
also support a possible beneficial role of green light in the
treatment of migraine.

Some limitations of our study should be noted. This
study was designed as a proof-of-concept investigation.
We assessed 25 fibromyalgia patients and were able to re-
cruit 21 patients. All our analyzed patients were females,
except for one male patient. Therefore, the effects of
GLED or the extent of pain reduction cannot be general-
ized to males at this time. In our studies in animals, how-
ever, both male and female rats responded to GLED [27],
suggesting that males are likely to respond in a similar
manner. In animal studies, we have shown that the effect
of GLED was mediated through the visual system. In
humans, we assumed that the effect was through the vi-
sual system, but we did not investigate that assumption in
the present study. Future studies of GLED in humans will
focus on the role played by the visual system. Another
limitation to the study was the inability to fully assess the
effect of GLED on pain medication use. Although some
patients reported a decrease in their requirement for pain
medications, it was not possible to reach any conclusion
because of variability in the classes and doses of
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medications. Another limitation is that we have not inves-
tigated the mechanisms of action of the GLED in humans.
Our published work in animals suggests the possibility of
increased spinal cord enkephalins after GLED exposure.
However, there are likely other mechanisms of action that
could drive the observed effects in humans. For example,
patients with fibromyalgia have been reported to have in-
creased inflammatory cytokines [44-46] that might be
modulated by GLED exposure. Such possibilities will be
explored in future studies.

In terms of compliance, we were not able to indepen-
dently verify the length of exposure time except through
the written time log survey. Future studies will use elec-
tronic devices with time stamps to verify the time and
length of light exposure. Additionally, future studies will
use electronic methods rather than paper surveys for doc-
umentation by patients. Finally, this was a one-way
crossover trial. There were two main reasons to decide
on such a design. First, an accurate washout period for
the effect of GLED was not known in humans.
Therefore, it was more practical to start the exposure
with the control condition (white light exposure) given
that we assumed it had no significant effect on the pri-
mary outcome. Second, given the fact that the recruited
patients with fibromyalgia had very limited treatment
options by the time they were recruited, we tested our hy-
pothesis with a simple trial design that was less burden-
some to the patient in case of a negative trial. Had we
exposed the patients to GLED light first and they experi-
enced pain relief with GLED, it would have been difficult
to convince the patients to abandon a therapy that
worked and try the control condition (WLED). Such a
design would have decreased compliance among patients.
However, the patients were not aware of which was the
control light and which was the treatment light.
Furthermore, patients did not communicate with one an-
other, as the recruitment was done with patients individ-
ually. These measures were designed to minimize bias
among patients. Future experiments will use a random-
ized clinical trial design with possible crossover from
control to treatment.

Conclusion

GLED may be a safe and affordable method to manage
fibromyalgia. We did not observe side effects in animal
studies or in reports from our patients. The observed
safety and efficacy, coupled with the simplicity of this
method, merit further investigation and the design of a
randomized clinical trial to fully investigate the role of
GLED for fibromyalgia and possibly other chronic pain
conditions.
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