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Abstract

Background: Pharmacological management of migraine can be ineffective for some patients. 

We previously demonstrated that exposure to green light resulted in antinociception and reversal of 

thermal and mechanical hyper-sensitivity in rodent pain models. Given the safety of green light 

emitting diodes, we evaluated green light as a potential therapy in patients with episodic or chronic 

migraine.

Material and methods: We recruited (29 total) patients of whom 7 had episodic migraine (EM) 

and 22 had chronic migraine (CM). We used a one-way cross-over design consisting of exposure 

for 1–2 hours daily to white light emitting diodes (WLED) for 10 weeks followed by a 2 week 

washout period followed by exposure for 1–2 hours daily to green light emitting diodes (GLED) 

for 10 weeks. Patients were allowed to continue current therapies and to initiate new treatments as 

directed by their physicians. Outcomes consisted of patient-reported surveys. The primary 
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outcome measure was the number of headache days per month. Secondary outcome measures 

included patient reported changes in the intensity and frequency of the headaches over a two week 

period and other quality of life measures including ability to fall and stay asleep, ability to perform 

work. Changes in pain medications were obtained to assess potential reduction.

Results: When 7 EM and 22 CM patients were analyzed as separate cohorts, WLED produced 

no significant change in headache days in either EM or CM patients. Combining data from the EM 

and CM groups showed that WLED produced a small, but statistically significant reduction in 

headache days from (days ± SEM) 18.2 ± 1.8 to 16.5 ± 2.01 days. GLED resulted in a significant 

decrease in headache days from 7.9 ± 1.6 to 2.4 ± 1.1 and from 22.3 ± 1.2 to 9.4 ± 1.6 in EM and 

CM patients, respectively. While some improvement in secondary outcomes was observed with 

WLED, more secondary outcomes with significantly greater magnitude including assessments of 

quality of life, Short-Form McGill Pain Questionnaire, Headache Impact Test-6, and Five-level 

version of the EuroQol five-dimensional survey without reported side effects were observed with 

GLED. Conclusions regarding pain medications reduction with GLED exposure were not possible. 

No side effects of light therapy were reported. None of the patients in the study reported initiation 

of new therapies.

Discussion: GLED significantly reduced the number of headache days in people with EM or 

CM. Additionally, GLED significantly improved multiple secondary outcome measures including 

quality of life and intensity and duration of the headache attacks. As no adverse events were 

reported, GLED may provide a treatment option for those patients who prefer non-

pharmacological therapies or may be considered in complementing other treatment strategies. 

Limitations of this study are the small number of patients evaluated. The positive data obtained 

support implementation of larger clinical trials to determine possible effects of GLED therapy.

Keywords

Green light; migraine; non-pharmacological therapy; light therapy

INTRODUCTION

Migraine is a multiphasic neurological disorder associated with multiple symptoms 

including moderate to severe headache, photophobia, phonophobia, nausea and vomiting (1). 

It is a very common disorder with an estimated global prevalence of 14.7%, with annual and 

lifetime prevalence of 18% and 33% in women, respectively, and 6% and 13% in men, 

respectively (1). Migraine is listed among the leading non-fatal disabling consequences of 

common illnesses and the number one cause of years lived with disability among patients 

under the age of 50 (2, 3). Migraine is classified by headache frequency with chronic 

migraine (CM) defined as 15 or more headache days a month for 3 or more months (4) while 

episodic migraine (EM) defined as occurring on fewer than 15 headache days per month. 

Migraine patients frequently have one or more associated comorbidities including chronic 

pain disorders, respiratory disorders, cardiovascular and cerebrovascular disorders, 

psychiatric disorders, and digestive disorders with comorbidities more prevalent among 

those with chronic migraine as compared to episodic migraine (5). Patients suffering from 

migraine frequently report decreased quality of life, decreased work productivity, higher 

rates of work absences, more use and overuse of both over-the-counter and prescription 
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medications including opioids, and more healthcare usage including emergency department 

visits (5, 6).

Current strategies to manage migraine rely on acute and preventive therapies as well as non-

pharmacological approaches. Acute treatments include single (acetaminophen, NSAIDs) and 

combination analgesics, migraine-specific treatments such as triptans, ergotamine, and more 

recently gepants and ditans (7–12). Preventive medications include beta blockers, 

antidepressants, calcium channel blockers, and angiotensin-converting enzyme inhibitors 

and receptor blockers (1). Recent clinical trials have also demonstrated that anti-CGRP 

peptide and receptor monoclonal antibodies reduce the migraine frequency by up to 50% in 

both episodic and chronic migraineurs (13–15). Additionally, small molecule CGRP 

receptor antagonists were approved for the acute treatment of migraine (7–12).

Despite the above pharmacological strategies for managing migraine, some patients do not 

achieve adequate pain control or may not tolerate their side effects (16, 17). Also, some 

patients may prefer non-pharmacological approaches to manage their pain. Therefore, 

offering a non-pharmacological therapeutic option could be useful as a standalone or as a 

complement to pharmacotherapies.

We recently reported that exposure to lights of different wavelengths can affect nociception 

in rodents(18, 19). For example, exposure to green light emitting diode (GLED) resulted in 

antinociception in naïve rats and antihyperalgesia in rats with neuropathic pain that was 

dependent on engagement of the visual system. Moreover, GLED exposure was 

accompanied by anxiolysis in rats (18). Given this pain modulating effect of light, in 

particular the antinociceptive effect GLED, we hypothesized that GLED therapy results in 

reduction of headache-days/month in migraineurs with concomitant improvement in quality 

of life measures.

MATERIALS AND METHODS

Study Approval

This study has been conducted according to Declaration of Helsinki principles. All study 

subjects provided informed written consent prior to enrolling and the study was approved by 

the University of Arizona Institutional Review Board (IRB) protocol number 1604514512. 

This study is registered with clinicaltrials.gov under NCT03677206.

Study Design

We employed a one-way cross-over design. Patients were divided into episodic (EM) and 

chronic (CH) migraine groups based on the number of headache-days/month from 

retrospective history at enrollment.

Setting

Patients were recruited individually from the University of Arizona/Banner Medical Center 

(Tucson, AZ) chronic pain clinic between August 2016 and October 2019.
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Inclusion/exclusion criteria

Inclusion Criteria

1. Eighteen years or older

2. Meets the diagnostic criteria for EM or CH according to the International 

Headache Society (4).

3. Average headache pain intensity of migraine episodes of 5 out of 10 or greater 

using the numeric pain scale (NPS) over the 10 weeks prior to enrolling in the 

study.

4. Not satisfied with the migraine treatment(s) they currently receive whether they 

are preventative or acute in nature.

Exclusion Criteria

1. Serious mental illness. This was assessed during the screening interview.

2. Inability to read or understand English.

Light Emitting Diodes (LED)

All LED strips were purchased from ledsupply.com (VT, USA). The specifications of the 

LEDs were: #LS-AC60-6-GR, 525 nanometer wavelength (i.e., green), 8 watts, 120 Volts, 

120-degree beam angle; #LS-AC60-66-WH, (white), 9.6 watts, 120 Volts, 120-degree beam 

angle. A luxmeter (Tondaj LX1010B, Amazon.com) was used to determine the illuminance 

and luminous emittance of the LED strips.

Light exposure protocol

Patients were consented individually to undergo the GLED therapy. Patients were free to 

continue or discontinue their migraine treatments as recommended by their physicians 

throughout the study, but were required to report any changes of their treatments. Patients 

were provided with a white light emitting diode (WLED) strip that was approximately 2 

meters long. We used tape to sequentially cover two diodes and leave one diode uncovered 

for the length of the LED strip (Supplementary Figure 1) to achieve a light intensity of 

between 4 and 100 lux measured at approximately 2 and 1 meters from a luxmeter, 

respectively. This range of intensities was based on our previously published preclinical 

study (18). Patients were free to change the distance of the light source between 1 and 2 

meters from their eyes. Patients were instructed to take the LED strip home and use it in a 

dark room for a minimum of 1 hour/day with the option to increase the exposure time to 2 

hours/day for 10 weeks. Patients were instructed to keep the LED strips in their fields of 

vision and to not fall asleep during the therapy. The patients were encouraged to participate 

in activities that did not require external light sources such as listening to music, reading 

books, exercise or any similar activities. We asked the patients to undergo the light therapy 

at the same time everyday all at once. They were encouraged to blink at a normal rate and 

not to stare directly at the strips. After WLED completion, they were crossed over to the 

GLED after a two week “washout” period. Patients were provided with GLED of 525 ± 10 

nm wavelength with similar exposure parameters. All patients had regular access to their 
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physicians and were free to undergo any procedure or treatment their physicians saw fit. 

Figure 1 represents the study design.

Surveys for data collections

Patients were provided with seven paper surveys to complete at baseline and every two 

weeks thereafter except for the Time log, the Daily Medications, and the Migraine Diary 

surveys which were completed daily. The first survey (Time Log) documented the number of 

hours/day exposure to the LED strips. The second survey (Daily Medications) documented 

their daily analgesic(s). The third survey was a migraine daily dairy documenting headache-

days/month (primary outcome). The fourth survey was a modified University of Arizona 

pain clinic follow-up questionnaire documenting the headache phase NPS. Patients were 

asked to subjectively rate the intensity of their headaches during the headache phase of their 

migraine episodes every two weeks and report them as a number from 0 to 10, where 0 is no 

pain and 10 is the worst possible pain.

Patients were asked to report their perceived change in the duration and frequency of 

headache phase of migraine episodes, improvement of the ability to fall asleep and stay 

sleep, ability to perform work, and daily activity (Supplementary Figure 2). The headache 

phase frequency of the migraine episodes was assessed with two different outcome measures 

– daily, and every two weeks, and then these were compared. The fifth survey was the Short 

Form McGill Pain Questionnaire (SFMPQ) (20). The sixth survey was the HIT-6 Headache 

Questionnaire (21). The seventh survey was the Five-level version of the EuroQol five-

dimensional survey (EQ-5D-5L), designed to evaluate a global quality of life of patients 

with pain (22). The patients were contacted once every 2–3 weeks by a research team 

member. At the end of the 10 weeks, patients returned all the surveys. Any data not reported 

(NR) by patients were not part of the analysis.

Outcome measures

The primary outcome measure was the number of headache-days/month. We defined a 

headache day as a day with moderate to severe headache pain that lasted for at least 4 hours 

(23). Secondary outcome measures included: subjective reduction in the perceived intensity 

of the headache phase of the migraine episodes assessed every two weeks as measured by 

the NPS, perceived decrease in duration of the headache phase of the migraine episodes, 

improvement of ability to fall and stay sleep, ability to perform work and daily activity, 

quality of life, and reduction of pain medications. We analyzed the data separately for EM 

and CH patents and then combined the two groups for additional analysis.

Statistical analyses

All patients finished the WLED treatment and crossed over to GLED. One patient with EM 

was lost to followup after receiving the GLED. All the 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. If a patient did 

not have one of the parameters affected by migraine, they wrote Not Applicable (N/A) next 

to the question and we did not include this particular parameter in the analysis. To analyze 

our results, we chose to use rank tests as data corresponded to qualitative ordinal data. We 
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utilized Mann-Whitney tests to determine statistical significance comparing groups that were 

not paired. For paired groups (before and after), we utilized Wilcoxon matched-pairs signed 

rank tests. Statistical significance was considered when the P-value was measured at 0.05 or 

less. We used GraphPad Prism 8 for statistical analysis.

Data availability

The data from this study will be made available upon request.

RESULTS

Demographic and baseline pain data

Unless otherwise specified, all data are presented as mean ± SEM. The average age was 52.2 

± 3 years old at the time of enrollment (age ranged from 24 to 72 years old). All but two 

patients recruited were females. Twenty-two patients suffered from migraine more than 15 

days/month and were classified as CM patients while 8 patients had fewer than 15 

migraines/month and were classified as EM patients. The patients’ baseline pain during 

migraine attacks on the NPS was 8.52 ± 0.25 (out of 10). Supplementary Table 1 illustrates 

the demographics. While patients were free to start new medications recommended by their 

physicians, no patients reported additional new medications or procedures during the study 

period. Additionally, six CM patients were receiving botulinum toxin injections that had 

been initiated more than 3 years prior to enrolling in this study These six patients had an 

average headache-days/month of 21± 2.2 days (range 16 to 30 headache-days/month) prior 

to initiating the study.

Compliance

To monitor compliance, patients were contacted every 2–3 weeks to assess if they missed 

any days of light exposure and to answer any questions related to the study. Seven patients in 

the WLED group reported missing exposures with an average of 2.7 ± 0.7 days (range 1 to 6 

days) compared to nine patients in the GLED group missing an exposure with an average of 

4.3 ± 0.7 days (range 1 to 7 days) (p=0.1269, Mann Whitney test).

Primary outcome

The number of headache-days/month of the EM and CM groups before and after WLED 

decreased from 7.8 ± 1.4 to 5.9 ± 1.3 and 23.1 ± 1.4 to 21.5 ± 1.9, respectively; these 

changes were not significant. When the data from both the EM and CM groups were 

combined, WLED significantly decreased the number of migraine days from 18.2 ± 1.8 to 

16.5 ± 2.0 days. (Figure 2A & Supplementary Table 2).

GLED significantly reduced the number of headache-days/month in the EM and CM groups 

from 7.9 ± 1.6 to 2.4 ± 1.1 and 22.3 ± 1.3 to 9.4 ± 1.6 days, respectively. When data from 

EM and CM patients were combined, there was a significant reduction in headache-days/

month for GLED from 18.4 ± 1.6 to 7.4 ± 1.3 days, a reduction of ~60% (Figure 2B & 

Supplementary Table 2). Post-hoc analysis was performed to determine the responder rate 

defined as the percentage of patients who experienced greater than 50% reduction in 
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headache-days/month. We found an 86% responder rate (6 out of 7 patients) for EM patients 

and 63% responder rate (12 out of 19) for CM patients.

Secondary outcomes

NPS: WLED did not significantly reduce the NPS in the headache phase of the EM group 

with scores of 8.4 ± 0.5 to 8.1 ± 0.5. WLED produced a small, but significant, reduction in 

NPS of the headache phase in the CM group from 8.6 ± 0.3 to 7.8 ± 0.4. When the data from 

groups were combined, WLED produced a statistically significant reduction in NPS of the 

headache phase from 8.5 ± 0.3 to 7.9 ± 0.4 (Figure 3A & Supplementary Table 3).

GLED significantly reduced NPS of the headache phase of the EM group from 7.3 ± 0.6 to 

3.4 ± 0.4. GLED treatment significantly reduced NPS of the headache phase in the CM 

group from 8.2 ± 0.3 to 3.1 ± 0.5. When the data from both groups were combined, there 

was a significant reduction in NPS of the headache phase from 8 ± 0.3 to 3.2 ± 0.4 (Figure 

3B & Supplementary Table 3).

HIT-6: Regarding functional capacity, WLED did not improve the HIT-6 values in any of the 

migraine groups (Figure 4A & Supplementary Table 4). GLED exposure produced a 

significant reduction in the HIT-6 survey in all migraine groups (Figure 4B & 

Supplementary Table 4).

Modified University of Arizona pain clinic follow-up questionnaire: WLED had a 

minor reduction in the perceived intensity of the headache phase of the migraine episodes in 

all migraine groups. WLED exposure also produced modest improvement of (a) headache 

frequency; (b) duration of the headache phase; (c) patients’ ability to fall and stay asleep; (d) 

ability to perform chores; (e) exercise and (f) work in all migraine groups.

GLED exposure also significantly improved all of these outcomes in all patient groups 

(Figure 5A, B, C & Supplementary Table 5). The combined EM and CM patients perceived 

a 69.3% reduction in their headache days/month after GLED therapy when they assessed 

their improvement every two weeks.

EQ-5D-5L: Quality of life, evaluated using the EQ-5D-5L survey, demonstrated significant 

improvement following exposure to both WLED and GLED in both EM and CM and 

combined migraine groups. This improvement was more pronounced and observed in all 

groups after GLED exposure (Figure 6A, B, C & Supplementary Table 6). Patients did not 

notice significant improvement of their perception of their own health following WLED 

exposure. However, patients reported significant improvement of their perception of their 

own health following GLED exposure in the EM, CM and combined migraine groups 

(Figure 6A, B, C & Supplementary Table 6).

SFMPQ: Fifteen descriptors reflecting intensity and quality of pain were measured using 

the Short-Form McGill Pain Questionnaire (SFMPQ). WLED exposure did not improve any 

of the 15 pain parameters of the SFMPQ in either the EM (Supplementary Figure 3 & 

Supplementary Table 7), CM (Supplementary Figure 4 and Supplementary Table 7), or the 

combined migraine groups (Supplementary Figure 5 and Supplementary Table 7). GLED 
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also did not improve these parameters in the EM group. (Supplementary Figure 6 and 

Supplementary Table 8). GLED produced significant improvement in 14 of the 15 

parameters of the SFMPQ of the CM group as well as when data from both groups were 

combined (Supplementary Figure 7–8 & Supplementary Table 8).

Daily Medications: Conclusions regarding the reduction in pain medication after WLED 

or GLED treatment were not possible as patients reported using different types of pain 

medication for reasons unrelated to migraine.

Adverse events

No adverse events were reported.

DISCUSSION

We investigated the possible effects of WLED and GLED in a pilot one-way cross-over 

design in EM and CM patients. This study is the first to investigate the effect of light as a 

preventive therapy for patients with migraine. While patients were free to start new 

medications or procedures as suggested by their physicians, no patient reported additional 

new medications or procedures during the study period including biological agents or 

devices. Additionally, while it was not stated as an exclusion criterion, none of the recruited 

patients had ocular disease or color blindness nor did they wear tinted contact lenses.

Effects of light therapy on primary outcome measures:

Analysis of combined data from patients with EM and CM demonstrated a small but 

significant reduction in their number of headache-days/month after finishing the WLED 

treatment. WLED therapy reduced the number of headache-days/month by 2 days, which 

may be clinically meaningful. The potential contribution of a placebo response to the 

benefits seen with WLED in some outcome measures cannot be discounted. Additionally, 

we had asked patients to employ the light therapy in a relatively calm environment. Calm 

environments may in themselves lead to improvement in migraine (24).

When compared to WLED, GLED therapy resulted in a much larger and significant 

reduction in the number of headache-days/month of approximately 5.4 and 12.9 days in the 

EM and CM group, respectively. The reduction in headache-days with GLED was highly 

significant and comparable to reported decreases in headache-days with pharmacological 

therapies including 2.4, 3.6, 4.6–8, days with propranolol (25), topiramate (26) and CGRP 

peptide/receptor antibodies (27), respectively. As is the case with WLED, the contributions 

of placebo response and calm environments cannot be discounted. Additionally, our data are 

based on a small sample size and it remains to be determined if similar outcomes would be 

achieved in a larger trial.

Effects of light therapy on secondary outcome measures:

Our secondary outcome measures were reduction in the perceived pain intensity of the 

headache phase of the migraine episodes as measured by NPS, reduction in the migraine 

impact on social or work-related functions as measured by HIT-6, as well as decrease in 
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duration and frequency of the headache phase of migraine episodes. Patients also assessed 

possible improvement of ability in falling and staying asleep, ability to perform work and 

daily activity, and improvement of quality of life using the EQ-5D-5L surveys, and some 

patients reported reduction of pain medications. Finally, SFMPQ results assessed possible 

improvement of pain descriptors in either affective or sensory-related categories.

There were no clinically significant improvements of the measured secondary outcomes 

after finishing the WLED treatment except for a small, but statistically significant reduction 

in NPS of the headache phase and the EQ-5D-5L index score for CM groups. GLED 

resulted in improvement of all the secondary outcomes measured in the CM group except for 

the feeling of “Gnawing pain” in SFMPQ. GLED did not improve any secondary outcomes 

in the EM group. The reasons for improvement in secondary outcome measures in CM, but 

not EM, patients is not clear but may have to do with the small number of patients studied. 

None of the recruited patients reported any side effects associated with WLED or GLED 

exposure.

While the primary outcome was the reduction of the number of headache days/month as 

reported using the migraine dairies, we also investigated the patients’ own perception of the 

reduction of the number of headache-days/month. This comparison allows us to better 

understand how patients view the GLED therapy which may be a surrogate of their 

satisfaction with the GLED therapy. For example, if the patients’ perceived reduction in 

headache days/month were less than their reported reduction using the migraine diaries, it 

may suggest that the patients did not consider the GLED favorably even if migraine actually 

improved. We found that the patients perceived a greater reduction in their headache-days/

month after GLED therapy than they actually reported. This suggests that the patients 

viewed the GLED favorably. An alternate interpretation is that the therapy significantly 

shortened the duration of the headache phase (e.g., hours to mins) and/or that the patient did 

not believe that a mild, short-lasting headache represented a headache day. On many 

occasions, patients reported that they wanted “non-invasive” or “non-chemicals” methods to 

improve their migraine. It is possible that the patients expressed higher satisfaction with the 

GLED therapy because it was not associated with side effects and was relatively simple and 

“non-chemical”. To further illustrate this point, all patients were instructed to return the 

GLED upon completion of the study, but we offered them the option of keeping the GLED 

at the end. All but one patient kept the GLED. The person who returned the GLED indicated 

that her headache-days/month decreased from 5 to zero per month (100% reduction) using 

the migraine diary. However, she reported her perceived reduction in headache-days/month 

as 20%. This suggests that this particular patient did not view the GLED as a favorable 

therapy, which may explain why she did not wish to keep the GLED.

Previous studies have shown that light of different colors may modulate the perception of 

pain. Noseda and colleagues reported that exposure to green light during a migraine attack 

was less aversive than other colors and additionally, about 20% of patients reported an 

improvement of migraine pain intensity of about 15% (28). In addition to reducing pain 

during migraine, light therapy may offer preventive benefits. CM patients who were asked to 

wear special filter glasses which block out certain spectrums during all waking hours for two 

weeks reported that blocking either red or blue light lowered the intensity of pain 
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experienced by migraine patients (29). While that study focused on blocking certain colors, 

it is important to note that the glasses allowed the green spectrum to pass through. Our study 

focused on the use of GLED as a preventive strategy. The mechanism of the GLED pain 

relief remains unknown. We have shown that when we fitted rats with clear contact lenses 

that did not impede or change the wavelength of GLED, they experienced antinociception 

when exposed to GLED. However, when the rats were fitted with opaque contact lenses 

which did not allow light to pass to the retina, they did not develop antinociception (18). 

Therefore, GLED appears to require the visual system, at least in our rodent studies. It is 

unclear which part of the visual system might mediate the effects of GLED. The intrinsically 

photosensitive retinal ganglion cells (IPRGCs) project to the midbrain and are involved in 

triggering photophobia in migraine patients (30). It is therefore possible that GLED is 

mediating its effect through the IPRGCs. Future studies will be required to elucidate the 

mechanisms of GLED and the components of the visual system involved. Other pain 

modulatory mechanisms may also play a role. For example, in rats GLED significantly 

increased the levels of proenkephalin mRNA in the spinal cord and decreased entry of 

calcium through the voltage-gated N-type (CaV2.2) calcium channel (18). It is possible that 

GLED produces its effects through several mechanisms acting in harmony. For example, 

while it has long been established that pain and sleep are intimately related (31, 32), whether 

GLED improved pain which then led to an improvement in sleep or vice versa could not be 

determined in this study. The effect of light on sleep has been documented previously with 

blue light having profound effects on melatonin and sleep (33, 34). Therefore, it is possible 

that GLED therapy may have independently improved both sleep and pain by different 

mechanisms.

Study limitations:

This study assessed the effectiveness of GLED as a preventive treatment in migraine patients 

and was designed as a proof of concept investigation. The number of the recruited EM and 

CM patients is small and thus a limitation of our study. Therefore, a larger study is being 

planned to recruit a greater number of patients in future studies. For ethical reasons, we only 

recruited patients who were not satisfied with their current or previous migraine therapies. 

This may have introduced an element of selection bias in this study. Another limitation of 

the study is blinding patients to the treatment. Given the nature of the study, it was not 

possible to blind patients to the color they received. However, to minimize bias and 

expectations, the patients were not told which color was the treatment and which was the 

control.

In conclusion, the safety and efficacy observed coupled with the simplicity of this method 

merit further investigations to fully investigate the role of GLED for migraine prevention.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CLINICAL IMPLICATIONS

• Green light exposure decreased the number of headache-days/month in both 

episodic and chronic migraine patients.

• Green light exposure improved the quality of life for both episodic and 

chronic migraine patients.

• No patient reported side effects after being exposed to green light.

• Given the safety, affordability, and efficacy of green light exposure, there is 

merit to conduct a larger study.

• Green light therapy may offer an additional therapy for prevention of episodic 

and chronic migraine.
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Figure 1. 
Study design. One-way cross-over clinical trial design. Patients were divided into episodic 

and chronic migraine groups based on the number of headache days per month. Patients with 

migraine were assigned to the control white light emitting diode (WLED) first then crossed 

over to the green light emitting diode (GLED) therapy. After 10 weeks of daily WLED, 

patients underwent a 2 week “washout” period and were then crossed over to the GLED.
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Figure 2. 
GLED exposure decreased headache days/month. (a) Number of headache days/month 

before and after patients were exposed to WLED. Results are presented for all patients and 

divided in two cohorts: Episodic and chronic migraine patients (n[WLED]epi = 8, 

n[WLED]chro = 17). WLED did not decrease the number of headache days/month in both 

episodic and chronic migraine patients, but a small significant reduction was observed when 

both cohorts were pooled. (b) GLED exposure produced a statistically significant reduction 

in the number of headache days/ month in both episodic and chronic migraine groups 

(n[GLED]epi = 7, n[GLED]chro = 19). Scatter plots, with every point representing a study 

subject: The bars represent the average and the error bars represent the standard error of the 

mean (Wilcoxon matched-pairs signed rank test, *p<0.05, ***p<0.001).
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Figure 3. 
GLED exposure decreased the numeric pain scale (NPS). (a) WLED did produce a slight 

reduction in the NPS for the chronic migraine group (n[WLED]epi = 8, n[WLED]chro = 

21). (b) GLED exposure produced a greater and statistically significant reduction in the NPS 

in both episodic and chronic migraine groups (n[GLED]epi = 7, n[GLED]chro = 22). Data 

presented as Average ± SEM, standard error of the mean (Wilcoxon matched-pairs signed 

rank test, *p<0.05, ***p<0.001).
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Figure 4. 
GLED exposure improved the Headache Impact Test-6 (HIT-6) results. (a) WLED exposure 

did not produce a significant reduction in HIT-6 scores (scale 36–78, where 36 = No impact 

from migraine, 78 = worst possible impact from migraine) (n[WLED]epi = 6, n[WLED]chro 

= 18). (b) GLED exposure produced a statistically significant reduction in the HIT-6 scores 

in all migraine groups (n[GLED]epi = 6, n[GLED]chro = 21). Data presented as average ± 

SEM, standard error of the mean (Wilcoxon matched pairs signed rank test, *p<0.05, 

***p<0.001).
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Figure 5. 
GLED exposure improved all quality of life parameters reported using the modified 

University of Arizona pain clinic follow up questionnaire. WLED exposure had minimal 

improvement of several parameters in episodic (a), chronic (b), and all migraine patients (c). 

The following criteria were evaluated: Perceived percent improvement of migraine pain 

intensity, migraine headache frequency, pain duration, ability to fall asleep, ability to stay 

asleep, work, exercise and doing chores, after completion of WLED therapy compared with 

baseline (n[WLED]epi = 6–8, n[WLED]chro = 19–21). On the contrary, GLED exposure 

demonstrated significantly greater improvements in all measured parameters in episodic, 

chronic and combined migraine groups. (n[GLED]epi = 6–7, n[GLED]chro = 15–22). Data 

presented as average ± SEM, standard error of the mean (Mann-Whitney test, *p<0.05, 

**p<0.01, ***p<0.001).
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Figure 6. 
Five-level version of the EuroQol five-dimensional survey (EQ-5D-EL) evaluation after 

WLED or GLED exposure. EQ-5D-5L index and patients’ own perception of health before 

and after WLED or GLED, in episodic (a), chronic (b) and combined (c) groups of patients. 

Index scale 0–1 where 0.worst quality of life, 1.best quality of life. Health perception scale 

0–100, where 0 = worst imagined health, 100 = best imagined health. WLED had a 

statistically significant improvement of the EQ-5D-5L index in both combined and chronic 

migraine groups. WLED exposure did not produce any improvement of the patients’ own 

perceived health using the EQ-5D-5L survey (n[WLED]epi = 7, n[WLED]chro = 21). 

GLED exposure had a statistically more significant improvement of the EQ-5D-5L index in 

episodic, chronic, and combined migraine groups. GLED exposure also produced a 
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statistically significant improvement of the patients’ own perceived health in both all groups 

(n[GLED]epi = 7, n[GLED]chro = 18). Data presented as average ± SEM, standard error of 

the mean (Wilcoxon matched-pairs signed rank test, *p<0.05, ***p<0.001).
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