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Abstract

Despite widely published speculation regarding a potential potency advantage of short-wavelength 

(blue-appearing) light for Seasonal Affective Disorder (SAD) treatment, there have been few 

systematic studies. Those comparing short-wavelength to broad-wavelength (white) light under 

actual clinical conditions suggest equivalent effectiveness. This multicenter, parallel-group design 

trial was undertaken to compare the effects of light therapy on SAD using blue (~465nm) versus 
blue-free (595–612nm) LED lights. Fifty-six medication-free subjects aged 21–64 years who met 

DSM-IV-TR criteria for recurrent major depression with winter-type seasonal pattern were 

enrolled in this blinded study at 5 participating centers between January and March 2012. Thirty-

five subjects met criteria for randomization to 30 minutes of either blue (~465nm) or blue-free 

(595–612nm) daily morning light therapy. Twenty-nine subjects completed the study; three 

subjects withdrew due to treatment-related adverse events, including migraines, and three 

withdrew for non-study-related reasons. The primary effectiveness variable was depression score 
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(SIGH-ADS) after six weeks of daily light treatment. Secondary effectiveness variables included 

Quality of Life and suicidality ratings. Using an intent-to-treat analysis, mean depression scores 

were different at baseline for the blue group (29±5 vs. 26±5, p=0.05 blue vs. blue-free, 

respectively), and initial score was used as a covariate. Baseline scores were not significantly 

different between treatment groups among those who completed the study, and no significant 

differences in depression scores were observed after 6 weeks (mean ± s.d. scores at 6 weeks: 

5.6±6.1 vs. 4.5±5.3, p=0.74, blue vs. blue-free, respectively). In addition, the proportion of 

subjects who met remission criteria, defined as a depression score ≤8, was not significantly 

different between the two groups (p=0.41); among the 29 subjects who completed the study, 76% 

of subjects experienced remission by the end of the trial, which coincided with the beginning of 

spring. Quality of Life and suicidality ratings were also significantly improved from pre- to post-

treatment, with no significant difference between treatments. No subject experienced worsening or 

non-improved symptoms over the 6-week trial. The main finding of this study is that subjects 

treated with blue light did not improve more than subjects treated with blue-free light; both 

showed substantial improvement on multiple measures. Failure to find differences may have 

resulted from methodological constraints, including a small sample size. Recruitment began mid-

winter during an unusually mild season, and the trial was terminated earlier than planned by the 

study sponsor due to a failure to detect difference. However, if confirmed in a larger randomized 

sample, these results suggest that blue wavelengths are not necessary for successful SAD 

treatment.
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Introduction

Recurrent major depression with a fall/winter seasonal pattern, also known as Seasonal 

Affective Disorder (SAD), is a prevalent and disruptive disorder (Magnusson, 2000; Levitt 

& Boyle, 2002). Since the 1990s, cool-white fluorescent sources capable of yielding 10,000 

lux polychromatic white light have been the treatment standard (Lam & Levitt, 1999; 

Golden, Gaynes et al., 2005). Although generally well-tolerated, some transient adverse 

effects of 10,000 lux white light have been reported clinically (Labbate, Lafer et al., 1994; 

Kogan & Guilford, 1998; Terman & Terman, 1999), such as agitation or feeling “wired,” 

insomnia, headache, eye or vision problems, nausea, sedation, and chest tightness. The more 

common of these complaints--headache, eye or vision problems, and insomnia--remit 

rapidly after discontinuation of light exposure (Oren, Brainard et al., 1991).

These findings have motivated an examination of alternative light sources. Prior to the 

availability of LED light, a few investigators probed potential wavelength differences in 

SAD treatment; contrasting green vs. red, and green vs. white, respectively (Oren, Brainard 

et al., 1991; Stewart, Gaddy et al., 1991).Light-emitting diode (LED) sources became 

available after the majority of published SAD clinical trials were conducted. For research 

purposes, LED lights have made it practical to use narrower bandwidth light. If certain 

wavelengths were more potent in antidepressant effectiveness than white light, it is possible 
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they could be administered at lower intensities to reduce adverse effects and increase 

tolerability of the treatment (Glickman, Byrne et al., 2006). Desan et al.(Desan, Weinstein et 

al., 2007) found white LED light superior to placebo negative-ion treatment across a 4-week 

trial in SAD patients.

Advances in understanding the anatomy and physiology of the ocular system, including the 

discovery of intrinsically photosensitive retinal ganglion cells (ipRGCs) that express the 

photopigment melanopsin, revealed differences among specific wavelengths of light on 

certain non-visual effects (Lucas, Peirson et al., 2014). Studies on the effects of light 

exposure during the subjective night, including on the suppression of melatonin secretion 

and phase resetting of the circadian pacemaker, suggest that 446–477 nm wavelengths of 

light (the visible violet/blue range) are most potent (Brainard, Hanifin et al., 2001; Thapan, 

Arendt et al., 2001; Lockley, Brainard et al., 2003). In addition, exposure to short-

wavelength light consistently enhances neurobehavioral performance and subjective 

alertness during both the subjective night and daytime hours (Lockley, Evans et al., 2006; 

Rahman, Flynn-Evans et al., 2014). Glickman et al. used LED sources to contrast blue vs red 

in SAD patients (Glickman, Byrne et al., 2006).

Previously, we conducted a small randomized 3-week outpatient clinical trial, which found 

45 minutes/day of a ~98 lux blue-appearing (narrow-bandwidth 467nm) LED light exposure 

in the morning performed comparably to a ~700-lux white-appearing (400–700nm) light 

with respect to decreasing symptoms of depression among SAD patients (Anderson, Glod et 

al., 2009). Meesters et al. (Meesters, Dekker et al., 2011) compared high intensity (10,000 

lux) fluorescent white to blue-enriched white light of lower intensity (750 lux) in SAD 

outpatients and found improvement after 22 days of treatment in both groups with no 

significant difference between the treatment groups.

In the present study, we aimed to contrast in SAD patients with no history of mania the 

efficacy and tolerability of circa 465nm LED light from a portable 11cm × 6cm device 

(goLITEPro™) with an identical device that emitted virtually no short-wavelength light (i.e., 

narrow-bandwidth “goLITE”) in order to address whether short-wavelength blue light is not 

only sufficient but also necessary for effective treatment. Important differentiating 

characteristics from our previous trial are as follows:

• the present trial was extended to 6 weeks to establish the durability of the 

antidepressant effect.

• we instructed subjects to use the light within 30 minutes of awakening in order to 

better standardize the “dose” of light.

It has long been suggested that the therapeutic response of SAD patients to light exposure 

involves circadian mechanisms such as phase shifting (e.g., a 30-minute phase advance 

means that physiologic events regulated by the suprachiasmatic nuclei occurring at 7 a.m. 

clock time pre-light would occur at 6:30 a.m. after the phase-advance shift), and it is known 

that the strength of a phase-shift response will depend upon the circadian phase of light 

administration (Lewy, Sack et al., 1987). The earlier in the morning light is presented, 

including blue light, the stronger the shift produced (Khalsa, Jewett et al., 2003; St Hilaire, 

Gooley et al., 2012; Rüger, St Hilaire et al., 2013). We anticipated that the administration of 
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morning light treatment within the first half-hour of the patient’s habitual wake time could 

maximize the effectiveness of the light treatment, because any advance shifts in circadian 

phase would be larger (see Instructions to Subjects, Table 1). In this respect, our specific 

instructions to patients were predicted [based on (Kronauer, Forger et al., 1999; 2000; St 

Hilaire, Klerman et al., 2007)] to enhance response rates relative to our previous protocol, in 

which a wider range of morning times for light treatment was allowed.

Finally, in order to more broadly characterize the consequences of treatment for SAD, we 

assessed not only symptoms of depression but also perceived quality of life (QoL). 

Previously, Michalak and colleagues (2007) reported (based on a multicenter, randomized 8-

week clinical trial of 10,000 lux white fluorescent light plus placebo pill versus 20-mg 

fluoxetine plus placebo light [i.e., the CAN-SAD study (Lam, Levitt et al., 2006)]) that QoL 

ratings on the Quality of Life Enjoyment and Satisfaction Questionnaire [Q-LES-Q; 

(Endicott, Nee et al., 1993)] went from markedly impaired at week 1 to significantly 

improved at week 8 (Michalak, Murray et al., 2007). The QoL self-ratings changed in the 

same direction as the changes in Hamilton depression ratings, but only ~16% of the variance 

in QoL at baseline was accounted for by the linear relationship with depression scores.

The present study was designed to test two a priori clinical hypotheses: Depressed SAD 

patients will demonstrate greater antidepressant therapeutic benefit from a ~465nm (shorter-

wavelength) source than from a non-465-nm-emitting source as reflected in (a) depression 

severity scores and percentage of patients meeting remission criteria based on clinician 

ratings and (b) self-rated quality of life (H1); depressed SAD patients will manifest no 

greater adverse effects during treatment with the ~465nm (shorter-wavelength) source than 

the non-465-nm-emitting source (H2).

Methods

Apparatus

The treatment devices (goLITE®, Philips Healthcare Solutions) emitted either blue-

appearing short- (~465nm) or orange-appearing medium-wavelength light (~595nm) from 

an LED array. Prior to their use in the study, the spectrum of each device was measured by a 

colorimeter (PR-650 SpectraScan Colorimeter, Photo Research Inc., Chatsworth, CA, USA) 

by an independent study staff member under ordinary room light conditions (~90 lux, 4100K 

fluorescent lamps). The average spectrum of 5 devices from each group is shown in Figure 

1, which illustrates the difference in “blue” light between the two sources.

The total photons (3.4 × 1014 ± 3.7 × 1013 photons m−2 s−1 vs. 8.5 × 1013 ± 1.5 × 1013 

photons m−2 s−1, ~465 nm device vs. ~595 nm device, respectively; p < 0.0001 by two-

sample t-test) and the measured intensity in lux (149.2±12.1 lux vs. 119.6±21.3 lux, ~465 

nm device vs. ~595 nm device, respectively; p = 0.03 by two-sample t-test) were higher 

from the short-wavelength LED (n=5 independent devices) compared with the medium-

wavelength LED (n=5 independent devices) at a distance of 20 inches. Using the irradiance 

toolbox described in Lucas et al. (2014), we also compared 5 independent irradiance 

measures ([1] S cone, cyanopic lux; [2] melanopsin, melanopic lux; [3] M cone, rod, 

rhodopic lux; [4] chloropic lux; and [5] L cone, erythropic lux) across the short-wavelength 

Anderson et al. Page 4

Chronobiol Int. Author manuscript; available in PMC 2018 February 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



LED (n=5 devices) and medium-wavelength LED (n=5 devices). The short-wavelength 

device produced higher irradiance levels for all 5 measures (Figure 1).

Safety

At the irradiance levels emitted by commonly utilized light therapy devices, dermatologic 

safety concerns are minimal. Similarly, thermal damage to the cornea, lens or retina requires 

milliwatt-to-watt exposure (Sliney, 2006) (Sliney, personal communication), far in excess of 

that emitted from the therapeutic devices. Ocular safety for 10,000 lux white fluorescent 

sources has been assessed, and comprehensive ophthalmologic examinations of individuals 

with healthy eyes who used white-light therapy daily during the fall/winter months for up to 

5 years did not reveal adverse effects (Gallin, Terman et al., 1995). Shorter wavelengths of 

light are of greater concern due to photo-keratitis of the cornea and cataract of the lens from 

180–400nm ultraviolet light, and photochemical injury to the retina at 310–550 nm with a 

peak near 440 nm (Sliney, personal communication). Both LED sources were determined by 

a medical physicist to have an averaged radiance well below the 10 mW/cm2*sr safety limit 

for continuous viewing. Subjects received pretreatment ophthalmological evaluations to 

screen for a history of ophthalmic disorders or use of photosensitizing medications as well 

as posttreatment ophthalmological evaluations.

Subject Selection and Randomization

Subjects in this multicenter trial were recruited and treated at one of five participating sites 

between January and March 2012. The five study sites were the Brigham & Women’s 

Hospital and McLean Hospital (Boston MA 42°21′28s″N), Mayo Clinic (Rochester MN 

44-01′18s″ N), University of Minnesota (Minneapolis MN 44-58′48s″ N), and Clinical 

Research (Cincinnati OH 39-09′42s″ N).

Consenting procedures were approved by the IRB for each site. In general, prospective 

subjects at each site met with an experienced clinical psychologist and/or psychiatrist trained 

to consider both cognitive and emotional factors that affect the ability to consent. Screening 

sessions were scheduled in advance; nothing in the circumstances of this outpatient protocol 

required a hasty decision on the part of the potential subject. Upon each outpatient visit for 

the physical screening and for study procedures, the subject’s mental status was reassessed. 

Due to the nature of SAD symptoms and the inclusion/exclusion criteria for the study, which 

excluded patients with a history of mania (Table 2), we did not enroll subjects whose ability 

to consent was transitory. Prospective subjects were informed that their participation in this 

study was entirely voluntary and that the decision to participate would in no way affect their 

further evaluation or therapy. Participants were given a complete and thorough oral 

explanation of the nature of the study in association with benefits, risks, or discomforts, in 

accordance with IRB approval. Prospective subjects were also asked to read along as the 

investigator reviewed the informed consent form, which described the study procedures, 

expectations, potential risks and benefits, and HIPAA requirement. Subjects were given time 

to ask questions. Written informed consent was obtained at the site prior to study 

participation. The subject was provided with a copy of the consent form to take home. 

Subjects were encouraged to inform their medical providers and therapists about their 

interest in participating in the study. Subsequently, subjects were followed if necessary until 
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seasonal depression severity reached a Structured Interview Guide for the Hamilton 

Depression Rating Scale with Atypical Depression Supplement (SIGH-ADS) (Williams & 

Terman, 2003) score of at least 20, which is a clinically-significant moderate level of 

depression. At that point, the subject was randomized to one of the two treatment groups. 

The subject was instructed on the appropriate use of the light device. The subject also 

received a wrist actigraph (Actiwatch Spectrum™, Philips Healthcare, Best, The 

Netherlands) and a sleep-wake and light treatment diary.

The original sample size calculation for this protocol was based on our previous randomized, 

double-blind trial which investigated 3-week 45 min/day outpatient treatment with blue-

appearing (goLITE®) or blue-enriched white-appearing light in 18 moderately-depressed 

adults (Anderson, Glod et al., 2009). The difference in depression change between the two 

treatment groups in that study yielded an effect size of −0.66. Thus, a sample of 40 subjects 

per group would have been required to attain 80% power to test observed differences 

between the treatments with a significance level of 0.05. Based on those data, in the present 

study design, up to 50 subjects per group were planned to be studied over two consecutive 

winter seasons.

The study was reviewed and approved by the Institutional Review Board (IRB) at each site.

Study Procedures

The study procedures are outlined in Figure 2. Symptom rater(s) blind to the treatment 

condition of the subjects administered the SIGH-ADS, Hypomania Interview Guide 

(Including Hyperthymic) Current (HIGH-C) (Williams, Terman et al. (1994,1997), and Beck 

Scale for Suicide Ideation (BSS) (Beck (1991) prior to and for each week during the 6-week 

trial, in addition to questionnaires covering potential adverse effects. The same rater 

followed the patient throughout the protocol. Details of the procedures for maintaining 

double-blind of subjects and clinicians are described in Appendix). Subjects used the light 

device and returned weekly for the first three weeks of the trial for symptom ratings and 

quality of life self-report on the Q-LES-Q. At each visit, each subject was seen first by a 

symptom rater blind to the treatment condition and then separately by a clinician blind to the 

treatment condition. The clinician collected the subject’s light/sleep diary information and 

reviewed the use of the light. The symptom rater conducted telephone symptom ratings after 

week 4 and after week 5. Subjects returned for the final treatment visit at week 6, at which 

time a blinding analysis was conducted, in which subjects were asked “Do you believe you 

received a light therapy device designed to improve Seasonal Affective Disorder?” Finally, 

study personnel met with the subject to discuss his or her response to the light treatment. 

The data collected each week are outlined in Figure 2.

The research protocol was designed so that subjects were offered the opportunity to use a 

commercially-available narrow-spectrum LED device until the end of the fall/winter season 

and were followed monthly if they chose to do so. The duration and timing of light use were 

adjusted during this open phase in order to maximize ongoing effectiveness. Alternative 

treatment modalities also were discussed, and referrals for follow-up care were provided as 

indicated. All forms of SAD treatment ceased by June 1, and patients returned the light 
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devices at a Termination Visit. However, the number of subjects who received such extended 

or alternative treatments was insufficient to allow for quantitative analyses.

Biostatistical Analyses

Two analysis populations were evaluated. An intent-to-treat (ITT) analysis included all 

subjects randomized in the trial and was used for primary effectiveness and safety analyses. 

For subjects who terminated before the end of the 6-week trial, values were imputed using a 

“last observation carried forward” approach. For subjects with missing data during one of 

the intermediate visits, the missing value was replaced with the average of the visit before 

and after the missing visit. A second effectiveness analysis was done on completed cases, 

i.e., those who had complete data throughout the treatment period.

Pearson Chi-square tests or Fisher’s exact tests were used to assess baseline differences 

between the two light therapy groups for categorical variables (gender, race/ethnicity, 

education level, marital status, study site); t-tests or analysis of variance (ANOVA) were 

used for continuous variables (age, baseline SIGH-ADS score, baseline Q-LES-Q score). 

Adherence with instructions for use of the treatment device (i.e., within 30 minutes of wake) 

was assessed by comparing the time of the self-reported wake time to the self-reported onset 

of light treatment. The average was computed across all 6 weeks within an individual, and 

these averages were compared between groups via t-test.

To test the hypothesis that depressed SAD patients would demonstrate greater antidepressant 

therapeutic benefit from the ~465nm (shorter wavelength) source compared with the 

~595nm (longer wavelength) source, we conducted a repeated-measures ANOVA using 

PROC MIXED in SAS 9.3 with treatment (~465nm vs. ~595nm) as a between-subject factor 

and time (treatment visit 1, treatment visit 2, treatment visit 3, phone assessment 1, phone 

assessment 2, and treatment visit 4) as a within-subject factor. This analysis was conducted 

across all subjects who were randomized for treatment (intent to treat analysis) and all 

subjects who completed the study (effectiveness analysis). Clinical variables that were found 

to be significantly different between the two treatment groups at baseline were included as 

covariates in the mixed model.

The remission rate was computed as a two-level categorical level for each subject. Two 

definitions of remission were used: 1) at least 50% reduction in SIGH-ADS depression 

rating at treatment visit 4 compared with baseline; 2) absolute SIGH-ADS rating of 8 or less 

at treatment visit 4. A Fisher’s exact test was conducted to determine whether the remission 

rate was different for subjects receiving the ~465nm vs. ~595nm treatment.

As a secondary effectiveness endpoint, we conducted a repeated-measures ANOVA using 

PROC MIXED in SAS 9.3 with treatment (~465nm vs. ~595nm) as a between-subject factor 

and time (treatment visit 1, treatment visit 2, treatment visit 3, phone assessment 1, phone 

assessment 2, and treatment visit 4) as a within-subject factor to test the hypothesis that the 

Q-LES-Q rating would be significantly improved in patients who received the ~465nm light 

source compared with the ~595nm light source.
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Results

Subject Characteristics

Fifty-six subjects (44 female) were recruited from 5 health care centers. All were between 

21–64 years (mean ± SD age = 46.8 ± 11.8 years), medication free, and met criteria for 

DSM-IV-TR recurrent major depression with a winter-type seasonal pattern as determined 

by the SCID-I (First, Spitzer et al., 2002). Twenty-one failed to meet all the inclusion/

exclusion criteria, including depression severity. Thirty-five subjects were randomized to 

receive either the ~465nm (short wavelength, n=18) or ~595nm (longer wavelength, n=17) 

treatment, and 29 subjects completed the trial. On average, subjects started treatment during 

the first week of February 2012 and ended the study during the second to third week of 

March 2012; earliest enrollment was from 1/7/2012 to 2/17/2012 and latest enrollment was 

from 2/18/2012 to 3/29/2012. Six subjects did not complete the study: 3 subjects dropped 

out of the study after experiencing adverse events (n=2 ~465nm device, n=1 ~595nm 

device), two of which were related to the study device (n=1 ~465nm device, n=1 ~595nm 

device); 1 subject dropped out due to a personal emergency unrelated to the study (~595nm 

device); 1 subject dropped out because he/she felt that the light treatment was not working 

and had other life stressors that prevented full participation (~595nm device); and 1 subject 

dropped out due to ongoing gastrointestinal issues and non-compliance with the protocol 

(~595nm device).

The baseline characteristics of the two subject groups in the intent to treat analysis are 

reported in Table 3. The subjects in the ~465nm treatment group were significantly older 

than subjects in the ~595nm treatment group (49.9 ± 11.2 vs. 38.9 ± 11.4, respectively; p = 

0.008, t-test), but there were no other demographic differences (i.e., gender, race, education 

level, marital status, or study site) between the two treatment groups. A significant 

difference was observed in the baseline SIGH-ADS scores such that the subjects who were 

randomized to receive the ~595nm treatment were significantly less depressed (mean ± 

standard deviation: 25.8 ± 5.1) than subjects who were randomized to receive the ~465nm 

treatment (29.4 ± 5.3)(p = 0.05, t-test). However, among the 29 subjects (N = 16 at ~465nm 

and N = 13 at ~595nm) who completed the study, there were no significant differences (p = 

0.2) in baseline SIGH-ADS scores (28.9 ± 5.2 vs. 26.5 ± 5.0 for ~465nm vs. ~595nm, 

respectively). There were no significant differences in the baseline Q-LES-Q scores (42.5 

± 7.1 vs. 43.6 ± 6.4 for ~465nm vs. ~595nm, respectively) in the intent to treat analysis; 

however, 4 subjects (N = 2 ~465nm device, N=2 ~595nm device) had missing answers on 

their baseline Q-LES-Q and were not included in the analysis of the baseline score. Age and 

baseline SIGH-ADS scores were included as covariates in subsequent analyses, but did not 

have a significant impact on the results.

Adherence

Sleep-wake and light diary and actigraphy data were available from 28 subjects (n=15 from 

the ~465nm treatment group and n=13 from the ~595 nm treatment group). Of these, 

subjects reported both a wake onset and a light treatment onset for a mean of 36.0 ± 6.9 

days. Wake times varied widely both within and across participants. Average wake times 

across individuals ranged from 04:16 to 09:15 (accounting for daylight savings time); no 
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significant differences in wake times were observed between the two groups (06:32 ± 0:57 

vs. 06:38 ± 01:15, ~465nm vs. ~595 nm treatment group, respectively; p=0.82). The average 

onset of light treatment following awakening was 27.4 ± 18.1 minutes. Overall, subjects 

initiated treatment within 30 minutes of wake 74.3% (±28.1%) of the reported times. There 

was no significant difference in the onset of timing between the two treatment groups 

(p=0.4).

SIGH-ADS

Figure 3A shows the average SIGH-ADS score in each treatment group across each week of 

the study. A repeated-measures ANOVA on the 35 subjects who were randomized to one of 

the two treatment conditions revealed that there was no significant difference (p=0.7) in the 

SIGH-ADS scores across the treatment weeks between the ~465nm and ~595nm treatment 

groups, and no interaction between the treatment group and the treatment week (p=0.9). 

There was a significant main effect of the treatment week (p<0.0001), and a post-hoc 

analysis revealed that subjects were significantly less depressed (p<0.0001) during the final 

treatment assessment (i.e., after 6 weeks of treatment) compared with the first treatment 

assessment (i.e., after 1 week of treatment). A repeated-measures ANOVA on the 29 subjects 

who completed the study revealed similar findings: no significant main effect of treatment 

condition (p=0.9) or interaction effect of treatment condition and week (p=0.7), but a 

significant effect of treatment week (p<0.0001). No significant differences in depression 

scores were observed after 6 weeks of treatment (mean ± s.d. scores at 6 weeks: 5.6 ± 6.1 vs. 

4.5 ± 5.3, p=0.7, blue vs. blue-free, respectively).

A Fisher’s exact test among completed subjects was conducted to determine whether there 

was a significant difference in remission rate between the subjects receiving ~465nm and 

those receiving ~595nm. No difference in the number of subjects in which SIGH-ADS was 

reduced 50% from the baseline score at the final treatment visit was observed between the 

two groups (p=0.6) (Figure 3B). In addition, no difference in the number of subjects in 

which SIGH-ADS was 8 or less at the final treatment visit was observed between the two 

groups (p=0.4) (Figure 3B).

Quality of Life ratings

A repeated-measures ANOVA revealed that there was no significant difference (p=0.2) in the 

change in Q-LES-Q scores across the treatment weeks relative to baseline between the 

~465nm and ~595nm treatment groups and no interaction between the treatment group and 

the treatment week (p=0.7), but a significant main effect of the treatment week (p<0.0001). 

Similar findings were observed among subjects who completed all 6 weeks of treatment. 

Mean Q-LES-Q scores after 6 weeks of treatment were 55.3 ± 9.9 and 57.0 ± 7.8 (~465nm 

and ~595nm treatment groups, respectively; p = 0.63), representing an ~13-point increase in 

mean Q-LES-Q scores from baseline in both groups (Table 3). In contrast, Michalak et al. 

(2007) reported an ~21-point increase in mean Q-LES-Q scores after 8 weeks of treatment.

Adverse Effects

No serious adverse events (AEs) associated with either the blue or blue-free treatments were 

reported. The most frequent AE reported was headache in 11 subjects (31.4%), of which 6 
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(17.1%) were deemed to be related to the light treatment. All 6 of these subjects were 

receiving treatment from the blue-free (~595nm) device. Five subjects (14.3%) also reported 

migraines, of which 3 (8.6%) were study-related (n=2 ~595 nm treatment, n=1 ~465 nm 

treatment). Other study-related AEs included nausea (n=1); insomnia (n=1); eye strain 

(n=1), eye sensitivity (n=1), muscle spasm (n=1), report of a white flashing light (n=1), and 

report of a “hot spot on the eye” (n=1). Two subjects dropped out due to study-related AEs: 

one subject receiving the ~465 nm treatment dropped out after experiencing a migraine and 

a “hot spot on the eye” and one subject receiving the ~595 nm treatment dropped out after 

experiencing multiple AEs related to the study treatment, including headache, migraine, eye 

strain, and the report of a white flashing light; a third subject, who was receiving the ~465 

nm treatment, dropped out after experiencing migraines unrelated to the study device.

Suicidality

We assessed weekly responses on the BSS. Scores ranged from 0–7 at baseline (mean ± SD: 

0.7±1.6), which reflect minimal levels of suicidal ideation. A repeated-measures ANOVA 

revealed that there was no significant difference in the BSS between groups (p=0.5). There 

was also no interaction between the treatment group and the treatment week (p=0.9). There 

was a significant main effect of the treatment week (p=0.008) such that BSS scores 

improved throughout the 6-week trial. Scores ranged from 0–3 at week 6 (mean±SD: 0.3 

± 0.8), which reflect minimal levels of suicide ideation.

Expectation

All randomized subjects were asked to rate their confidence in receiving an effective light 

therapy treatment based on the following question: “How confident are you, on a scale from 

1 to 10, with 1 being the least confident and 10 being the most confident, that the light 

therapy treatment you receive in this study will help to improve your Seasonal Affective 

Disorder?” There was no significant difference in expectation at baseline between the two 

groups (6.7 ± 1.9 vs. 7.4 ± 1.6, ~465nm and ~595nm treatment groups, respectively; p = 

0.30). After one week of treatment, subjects were asked “Do you believe you received a light 

therapy device designed to improve Seasonal Affective Disorder?” Of those who responded 

to this question, 16 out of 16 (100%) of the blue device group and 12 out of 13 (92%) of the 

blue-free device group reported “Yes” to this question. After 6 weeks of treatment, subjects 

were asked the same question; 15 out of 16 (94%) in the blue device group and 11 out of 13 

(85%) of the blue-free device group reported “Yes” to this question.

Discussion

Many randomized clinical trials of bright white fluorescent light for SAD were conducted 

between 1980 and 2000. Based on the results, light treatment became established as the 

standard of care. White fluorescent light exposure has been evaluated relative to placebo 

treatment (Eastman, Young et al., 1998; Lam, Levitt et al., 2006), and meta-analyses have 

found bright white fluorescent light efficacious (Golden, Gaynes et al., 2005). White 

fluorescent light treatment has performed well relative to antidepressant medication such as 

SSRIs (Lam, Levitt et al., 2006). Scientific and technological advances have continued, 

including both the discovery of ipRGCs as key components of the non-visual effects of light 

Anderson et al. Page 10

Chronobiol Int. Author manuscript; available in PMC 2018 February 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



and also the wide availability of LED as light sources. In addition, variations in the gene 

sequence of melanopsin, the photopigment associated with ipRGCs, and also retinal 

sensitivity (i.e., post-illumination pupil response) have been associated with seasonal 

affective disorder (Roecklein, Wong et al., 2013). Although these new developments have 

generated speculation about certain wavelengths of light (Holzman, 2010) and about use of 

LED sources, the clinical trial database remains inadequate to evaluate either.

More recent scientific evidence, obtained since the identification of melanopsin-containing 

retinal ganglion cells projecting to the endogenous circadian pacemaker in the hypothalamus 

(Güler, Ecker et al., 2008), demonstrate a complex and multifaceted physiology underlying 

circadian light perception. The functional importance of cone input has been elucidated in 

animal studies, and data show that blue-sensitive retinal ganglion cells do not act exclusively 

or in isolation (Walmsley & Brown, 2015). This knowledge influences how relative 

irradiance of different lights is calculated. Ours is one of the first SAD trials to report all 5 

independent representations of irradiance (Lucas, Peirson et al., 2014) for our light sources.*

Earlier speculation that the short-wavelength-sensitive retinohypothalamic pathway might 

play a unique role clinically (Glickman, Byrne et al., 2006) has not been borne out by 

preferential antidepressant potency (Anderson, Glod et al., 2009; Meesters, Dekker et al., 

2011; Gordijn, t Mannetje et al., 2012). Our current results are consistent with this trend, 

inasmuch as our clinical trial data do not support the hypothesis that short-wavelength (blue) 

light is required for improvement of depression in SAD patients. However, our results are in 

no way conclusive as regards efficacy of LED lights of any wavelength composition. The 

two devices compared in the current study were not matched on any of the five components 

of irradiance/intensity. Further clinical trials are needed in order to evaluate the efficacy of 

any LED sources for SAD treatment and it will be important to address irradiance/intensity 

equivalence across different sources.

Several limitations in our study must be considered. First, our sample size was limited. Due 

to lack of evidence for significant differences across treatments after the first winter of the 

study, the study sponsor discontinued this trial. As a result we were not able to recruit and 

enroll subjects in the autumn; the majority of subjects began treatment in the late winter 

months of an uncharacteristically mild season, such that overall improvement rates were 

likely influenced by gradually increasing day length. Our 6-week protocol resulted in the 

treatment extending later into the start of the spring season than would have occurred with a 

3-week trial. As a result, we cannot differentiate the stability of the antidepressant effect of 

light treatment across 6 weeks from seasonal changes as causal factors in our observation of 

sustained remission of depressive symptoms beyond the first 3 weeks of the trial. Finally, 

our research design was not technically double-blind in that the treatment devices emitted 

different-appearing light. Our protocol included extensive procedures to simulate a double-

blind design, which are detailed in the Appendix.* Notwithstanding these limitations, 

however, there is nothing in the results to suggest that a powerful and exclusive clinical 

effect of blue light has been obscured. In addition, the larger question of relative potency of 

different light sources remains to be directly empirically evaluated.
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The “dose” of a light exposure is known from basic research studies of humans to be 

determined by multiple factors (Dewan, Benloucif et al., 2011; Eastman, 2011; Lucas, 

Peirson et al., 2014). Wavelength is one such factor, but our data suggest that short 

wavelengths are not crucial for SAD treatment. Past research on “dose” in SAD treatment 

has shown that the irradiance (i.e., intensity) of light (specifically considering white 

fluorescent sources) (Rosenthal, Sack et al., 1985; Terman, Terman et al., 1990a; b), time in 

the circadian cycle at which exposure occurs (Lewy, Sack et al., 1985; Lewy, Sack et al., 

1987; Sack, Lewy et al., 1990; Wirz-Justice, Graw et al., 1993; Lewy, Lefler et al., 2006), 

and duration of the exposure (Terman, Terman et al., 1989) affect the rate of success in 

reducing symptoms of depression, just as these factors (irradiance, circadian phase, 

duration) are known to systematically affect specific phase-resetting, endocrine, and 

performance-enhancing effects of light exposure in healthy humans and other animals 

(Zeitzer, Dijk et al., 2000; Khalsa, Jewett et al., 2003; Lockley, Brainard et al., 2003; 

Lockley, Evans et al., 2006; Gooley, Rajaratnam et al., 2010; Chang, Santhi et al., 2012; St 

Hilaire, Gooley et al., 2012; Rüger, St Hilaire et al., 2013). Our instructions to subjects (see 

Table 1) were designed to address these aspects of dose.

In the current study focused on comparing blue- vs. non-blue LED light, we observed in 

both treatment groups a decline in depression severity, including suicidal ideation, and 

improved self-reported quality of life across 6 weeks of treatment. Data from wrist 

actigraphy and patient diaries indicate that our subjects were relatively compliant with the 

instructions. Based on the light stimuli themselves and the timing of light administration and 

sleep/wake schedules of our subjects, current mathematical models of human circadian 

modulation by light suggest that our two treatment conditions would have had relatively 

equivalent advancing effects on circadian phase, although the short-wavelength light is 

predicted to have had greater direct alerting affects (see St. Hilaire et al., 2013). These 

results suggest that further work to evaluate the efficacy of LED light in treatment of SAD 

should not be confined to short-wavelength sources. Moreover, rather than highlighting blue 

light in instructions to patients and clinicians, it is important to provide broader advice 

regarding “dose” which includes the timing, distance from the light source, and duration of 

the exposure.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
The spectral distribution (measured intensity in W/m2) of the blue (~465 nm) and blue-free 

(595–612nm) LED devices used in the present study. The box outlines the differences in the 

two LED devices in the blue component. We report 5 independent irradiance measures (S 

cone, cyanopic lux; melanopsin, melanopic lux; M cone, rod, rhodopic lux; chloropic lux; 

and L cone, eryhtropic lux) across the blue LED (n=5 devices) and blue-free LED (n=5 

devices) using the toolbox described in Lucas et al. (26).
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Figure 2. 
A flow chart showing subject progression through the study stages.
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Figure 3. 
(A) The SIGH-ADS score by week for the ~465nm treatment group (filled squares) and the 

~595nm treatment group (open circles) is shown. (B) The remission rates for the ~465 nm 

treatment group (filled bars) and the ~595 nm treatment group (hatched bars) are shown.
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Table 1

Instructions to subjects.

Light Therapy: Instructions for Home Use

1 During light therapy you should keep to a regular sleep/wake schedule and avoid sleeping in on weekends or holidays.

2 At the indicated time of day, the light device should be placed on a table or counter so that you can sit comfortably at 20 inches 
from the light. [LIGHT DEVICE STANDS ON TABLETOP. The light device comes with a metal stand, which rests in a slot on 
the back of the device. Just above the slot there is a hole. Insert the end of the stand into the hole in the back of the device, so that 
the device stands on its own on a table surface.] The device also comes with an adapter that needs to be plugged in. Observe 
precautions appropriate to any electrical device, including locating the device where the cord does not create a hazard. Insert the 
adapter end into the hole on the lower left side of the device. Once the device is plugged in, and you are ready to begin treatment, 
push the “Power” key, which is on the front-center of the device. The light will turn on and stay on for 30 minutes. You need the 
full 30 minutes of exposure so be sure to stay seated with light directed at your face after you turn the device on.

3 You should sit facing the light device so that the light falls on the area of your face around your eyes. Each time you use the 
light, MEASURE the distance with the measuring tool provided to be certain the bridge of your nose is 20 inches from the center 
of the lighted area of the device. You can read or eat while sitting near the light, but your eyes must be open for the effect to 
occur – do not wear sunglasses or photo-grey lenses. You cannot sleep during your light exposure! You do not need to stare 
directly at the light device, but it must provide illumination to the area of your eyes.

4 You should use the light for 30 minutes per day, according to the directions, but do not get up extra early to use the light 
because that can cause you to shift your internal (circadian) clock too dramatically.

5 Some people experience mild headaches, nausea, or eye strain when using the light. These symptoms usually occur at the 
beginning of treatment, and get better in a few days. It is possible to get an “overdose” of light, which may feel similar to having 
too much caffeine. If you experience one or more of these symptoms, contact the Study Doctor to determine the proper course of 
action.

6 Light does not have the same effect at all times of day. Do not use the light device at night near bedtime, as the light exposure 
can disturb sleep. If you need to miss a morning, it is better to wait until the next day than to substitute another time of day.

7 Occasionally people report feeling irritable, or euphoric, or being “too high” when treated with light therapy. If this happens, the 
treatment should be stopped. You should notify your study doctor right away to determine proper course of action.

8 If you need to see a doctor for some reason or to be treated with any changes in dose or new medications during the study, please 
let your treating doctor know that you are participating in a research study and also notify the study doctor as soon as possible.

The instructions to all subjects in this successful treatment trial address timing of the light exposure relative to the patient’s day/night cycle, 
distance from the light (based on specific characteristics of the source), and duration of light exposures.
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Table 2

Inclusion and exclusion criteria.

Inclusion Criteria

1 18–64 years of age

2 history of recurrent major depressive episodes with winter-type seasonal pattern by DSM-IV-TR criteria, based on the SCID-I 
and our supplemental graphic diagnostic tool

3 history of euthymia during August 2010

4 free of medical illness and not pregnant, as determined by detailed history and physical examination including blood and urine 
chemistries and thyroid function tests

Exclusion Criteria

1 history of concurrent psychiatric illness that would preclude compliance with the protocol and ability to complete the study safely

2 active suicidal or homicidal ideation

3 variable psychiatric symptoms such as rapid cycling or severe premenstrual syndrome that could interfere with accurate 
assessment of the treatment effect

4 history of substance abuse/dependence with less than one year remission

5 GAF < 50

6 light treatment in the previous month

7 previous failure to respond significantly to an adequate course of light treatment

8 pregnant or lactating

9 any antidepressant or mood-stabilizing medications or remedies (even if taken for non-psychiatric indications), including 
selective serotonin-reuptake inhibitors, serotonin and norepinephrine reuptake inhibitors, tricyclic antidepressants, antipsychotics, 
lithium, benzodiazepines, monoamine oxidase inhibitors, tryptophan, St. John’s wort

10 nightwork or other habitual alteration of sleep/wake cycle

11 medical conditions that affect mood or produce hallmark symptoms of mood disorder

12 use of photosensitizing medications (amiodarone, benoxaprofen, chlorpromazine, demeclocycline, fleroxacin, nalidixic acid, 
ofloxacin, piroxicam, porfimer, psoralens, quinidine, temoporfin) or remedies (St. John’s wort, melatonin)

13 macular degeneration or cataract of a level that would significantly affect transmission or processing of light through either eye 
(LOCS3 # 4)

14 history of eye trauma and/or use of medication such as tetracycline or oral isoretinoin (Accutane), that would affect the safety of 
light exposure treatment or complaints of eyestrain or abnormal tearing with computer use of up to 30 min at a time

DSM-IV-TR: Diagnostic and Statistical Manual of Mental Disorders, 4th edition, text revision; GAF: Global Assessment of Functioning; LOCS3: 
Lens Opacities Classification System III; SCID-I: Structured Clinical Interview for DSM IV Axis I Disorders.
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Table 3

Subject characteristics by treatment group.

Treatment Group

Variable goLite 465 goLite 595 p-value

Number of subjects 18 17

Age, years 49.9 ± 11.2 38.9 ± 11.4 0.008

Gender, N (%) 0.4

 Male 6 (33.3) 3 (17.6)

 Female 12 (66.7) 14 (82.4)

Race, N (%) 0.6

 Caucasian 17 (94.4) 15 (88.2)

 Other 1 (5.6) 2 (11.8)

Education level 0.3

 Technical or Some College 4 (22.2) 3 (17.6)

 2-Year Degree 4 (22.2) 1 (5.8)

 4-Year Degree 7 (38.9) 6 (35.3)

 Master’s or Doctoral 3 (16.7) 7 (41.2)

Marital status 1.0

 Single 6 (33.3) 6 (35.3)

 Married or Partnered 8 (44.4) 7 (41.2)

 Divorced or Widowed 4 (22.2) 4 (23.5)

Study site, N (%) 1.0

 BWH 1 (5.6) 2 (11.8)

 McLean 1 (5.6) 0 (0.0)

 Minnesota 2 (11.1) 2 (11.8)

 Mayo 11 (61.1) 11 (64.7)

 Comm Res 3 (16.7) 2 (11.8)

Baseline SIGH-ADS 29.4 ± 5.3 25.8 ± 5.1 0.05

Baseline Q-LES-Q-SF 42.5 ± 7.1 43.6 ± 6.4 0.5

Q-LES-Q-SF: Quality of Life Enjoyment and Satisfaction Questionnaire – short form; SIGH-ADS: Structured Interview Guide for the Hamilton 
Depression Rating Scale, Atypical Depression Symptoms.
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