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Abstract
Background Bright light therapy (BLT) has been proved to have beneficial effects on Parkinson’s disease (PD), the 
mechanisms remained unclear. Improvements of visual pathways might be key to BLT.

Objective The aim of this study is to validate whether BLT improves clinical symptoms in PD and explore the possible 
mechanisms of visual pathways evaluated by optical coherence tomography (OCT), pattern electroretinogram (PERG) 
and visual evoked potentials (VEP).

Methods Twenty-three PD patients were enrolled in this crossover randomized placebo-controlled study. 
Participants received either one month of BLT or dim light therapy (DLT), separated by one-month wash-out period, 
followed by another intervention. Participants underwent clinical scales, and visual-related evaluations including OCT, 
PERG and VEP before and after each intervention. Mixed-effects regression models were used to determine the effect 
between BLT and DLT on improving the differentials of clinical scales (Δscales), OCT (Δretinal thickness), PERG (ΔPERG 
values) and VEP (ΔP100 latencies). Correlations between clinical symptoms and visual evaluations improvements were 
analyzed in PD patients receiving BLT.

Results Excessive daytime sleepiness, anxiety, life quality and autonomic function were improved after BLT. 
Compared with DLT, bilateral ΔN95 latencies for PERG and ΔP100 latencies for VEP were improved after BLT. We did 
not observe the changes of four quadrants retinal nerve fiber layer (RNFL) thickness after BLT or DLT.

Conclusions BLT is a valuable and safe non-pharmacological intervention for improving visual function in PD 
patients.

Significance These findings extend neural mechanisms of BLT to visual pathways improvements.

Keywords Optical coherence tomography, Pattern electroretinogram, Visual evoked potentials, Parkinson’s disease, 
Bright light therapy, Randomized crossover controlled trial
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Introduction
Parkinson’s disease (PD), one of the common neurode-
generative disorders, is characterized with various motor 
and non-motor symptoms. It has been well reported 
that up to 70% of patients with PD will express recurrent 
visual complaints [1] which are associated with poorer 
outcomes including depression, dementia and shorter 
survival [2, 3]. The retina shares similar innervation by 
the dopaminergic system with the cortex in terms of 
dopamine 1 and dopamine 2 receptors [4]. Optical coher-
ence tomography (OCT), pattern electroretinogram 
(PERG) and visual evoked potentials (VEP) are used to 
evaluate the structural and functional changes in the ret-
ina and its downstream visual pathways [5]. Recently, a 
growing number of studies have evaluated the retina of 
patients with PD using OCT, PERG and VEP, and found 
significant abnormalities such as thickness of the retinal 
nerve fiber layer (RNFL), as well as delays in latencies, 
and reduced wave amplitude [4–6]. We have previously 
demonstrated that OCT can detect the changes in reti-
nal morphology for diagnosis of PD and may predict cog-
nitive dysfunction in PD patients [7–9]. Thus, whether 
these retina-related examinations can provide good 
clinical therapeutic biomarkers of PD is a promising 
direction.

Circadian rhythm abnormality is one of the non-motor 
symptoms in patients with PD. Light therapy (LT), espe-
cially bright light therapy (BLT), has positive effects 
on emotion, sleep and even motor dysfunction of PD 
patients [10–12]. However, the specific mechanism of 
BLT is still lacking.

In this crossover randomized placebo-controlled 
clinical intervention of LT in PD patients, we explored 
whether BLT significantly improved the retinal func-
tional and structural changes measured by OCT, PERG 
and VEP.

Methods
Study population
This was a crossover randomized placebo-controlled 
clinical light therapy trial in PD patients. All participants 
were recruited through networks and social media. Eth-
ics approval was obtained from the hospital’s Ethical 
Committee and was registered with the ClinicalTrials.
gov (ClinicalTrials: NCT06129942, Registration Date: 
November 12, 2023, Clinical Trial Registry: The Second 
Affiliated Hospital of Soochow University). All partici-
pants gave written informed consent in accordance with 
the Declaration of Helsinki.

Twenty-nine patients were recruited between Septem-
ber 2022 and September 2023 from the movement dis-
order unit at the Second Affiliated Hospital of Soochow 
University. No medication changes occurred throughout 
the study.

Patients were enrolled in the study if they (1) had a 
diagnosis of idiopathic PD, as defined by the 2015 Move-
ment Disorder Society clinical diagnostic criteria [13]; 
(2) were classified according to Hoehn and Yahr stages 
(H&Y) 1 to 3; (3) had a stable PD medication regimen for 
at least 6 months before screening; and (4) were willing 
and able to give written informed consent.

Patients enrolled were excluded from this study if 
they (1) had atypical parkinsonian syndrome; (2) had 
untreated hallucinations or psychosis; (3) had visual 
diseases that may interfere with light intervention, such 
as severe cataracts or blindness; (4) traveled across 2 or 
more time zones within 90 days before study screening; 
(5) had diabetes mellitus, poor sitting stability, had his-
tory of severe visual loss including cataract, glaucoma, 
age-related macular degeneration, hypermyopia (refrac-
tive diopter > − 4.0D), or any ocular surgery history.

Study design
The patients enrolled were randomized to order 1 or 2, 
using a computer-generated randomization schedule.

At the screening visit (T0), participants enrolled in this 
study underwent standard ophthalmologic and clinical 
evaluations including Hoehn and Yahr stages, disease 
duration, levodopa equivalent doses according to Tom-
linson et al. [14], which were all evaluated in the “on” 
state. After the baseline phase, participants were then 
randomized to order 1 or order 2. In each period, par-
ticipants received 2 h of BLT (10000 lx) or dim light ther-
apy (DLT) (200 lx, as placebo light therapy) [10] at about 
45-degree angle from the direction of gaze (for minimiz-
ing the side effects of bright light) in the morning (one 
hour within 9–11 AM) and in the afternoon (one hour 
within 5–7 PM) daily for 30 days. The LT procedure has 
been reported in our previous study [15].

We have previously proved that after 14 days of LT, 
the effect almost disappeared [16]. After a 30-day of 
intervention, participants experienced 30-day wash-out 
period and then began next intervention. Examinations 
of the above mentioned were also conducted in other 
three stages: end of first LT (T1), end of wash-out period 
(T2) and end of the second intervention (T3).

Clinical evaluations
Clinical assessments in all PD patients, including the 
Hoehn and Yahr stage, disease duration, Movement Dis-
order Society-Sponsored Revision of the Unified Par-
kinson’s Disease Rating Scales I-III (MDS-UPDRS I-III) 
[17], Parkinson’s Disease Questionnaire-39 (PDQ-39) 
[18], Fatigue Severity Scale (FSS) [19] and Non-Motor 
Symptoms Questionnaire (NMSQ) [20] were conducted 
in all participants. Cognitive function was assessed by the 
Montreal Cognitive Assessment scale (MoCA) [21] scale. 
Subjective sleep quality was assessed by The Pittsburgh 
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Sleep Quality Index (PSQI) [22], Epworth Sleepiness 
Scale (ESS) [23] and the Parkinson’s Disease Sleep Scale 
2nd version (PDSS-2) [24] scales. Autonomic dysfunc-
tion was assessed by The Autonomic Scale for Outcomes 
in Parkinson’s disease (SCOPA-AUT) [25] scale. Emo-
tion status was assessed by 24 item-Hamilton Depression 
Scale (HAMD-24) [26], and 14-item Hamilton Anxiety 
Scale (HAMA-14) [27] scales. RBD was assessed by the 
RBD questionnaire-Hong Kong (RBDQ-HK) [28] scale. A 
neurologist who was blinded to this study performed the 
assessment.

High-definition OCT examination
We used high-definition OCT (Cirrus HD-OCT, Carl 
Zeiss Meditec, Inc., Dublin, CA) in all patients to mea-
sure RNFL thickness as previously demonstrated [9, 
29]. The RNFL thickness was assessed using an Optic 
Disc Cube 200 × 200 scanning. This protocol analyzed a 
6-mm2-based spatial cube surrounding the optic disc and 
performs 200 × 200  A-scans in approximately 1.5  s. The 
Optic Disc acquired 200 B-scans with 200  A-scans per 
B-scan (40,000 points). The temporal, nasal, superior and 
inferior RNFL thickness was measured in each eye and 
we calculated the mean RNFL.

PERG examination
PERG (Visual Electrophysiologic test instrument, 
MKWHBMD, Medconova, Huzhou, China) was obtained 
using a neurophysiology device for ERG record (Neu-
ronic) and following the International Society for Clini-
cal Electrophysiology of Vision (ISCEV) standards [30]. 
Stimuli were checkerboard patterns with a check size of 
30 min of visual angle (min arc; contrast 90%; mean lumi-
nance, 93 cd/m2). Each PERG included at least two trials. 
The evaluated parameters were P35, N95 and P50 laten-
cies (ms) and amplitudes.

VEP examination
VEP examinations were processed by an integrative elec-
tromyography system (Keypoint.net, Denmark) in the 
tessellated pattern flip-flop. The participants were seated 
in a dark, quiet environment and were asked to pay 
attention to the screen. The evaluated eye was 100  cm 
away from the screen and at the same level. Both eyes 
were examined separately, with one eye covered while 
the other was examined. According to the international 
Electroencephalogram (EEG) 10/20 system, the record-
ing electrode was placed in Oz, the reference electrode 
was placed in FPz, the size of the checkerboard grid was 
12/16, the sensitivity was 5 µV, the filtering was 2–50 Hz, 
the recording length was 300 ms, the repetition fre-
quency was 1.7 Hz, and each was repeated at least 2 tri-
als, and the average was taken for P100 latencies (ms).

Statistical analysis
Statistical analysis was performed with SPSS 26.0 and R 
software. Data were reported as mean and SD or median 
and interquartile range (IQR). We used paired samples 
Wilcoxon Signed Rank test to compare OCT, PERG and 
VEP parameters and scale scores before and after BLT 
or DLT. The difference of scales values and parameters 
before and after LT and expressed as ΔOCT, ΔPERG and 
ΔVEP parameters. Mixed-effects regression models were 
next used to explore whether there was an effect between 
the two interventions on improving the differentials of 
scales, OCT, PERG and VEP parameters. In our mixed 
linear model, Δscales values, ΔOCT, ΔPERG and ΔVEP 
parameters were the dependent variables, and interven-
tion kind was the independent variable. The order, stage, 
age, sex, H&Y, LED and disease duration were covariates, 
while the participant was a random effect. Correlations 
between ΔVEP and ΔPERG parameters and Δscales val-
ues were evaluated using nonparametric Spearman’s ρ. A 
significance level of P < 0.05 was used for all tests.

Results
Basic demographics analysis
After screening 29 participants, 23 were randomly 
assigned to order 1 (n = 11) or order 2 (n = 12) (Fig.  1). 
Over the course of the intervention period, 2 participants 
in order 1 discontinued DLT intervention due to being 
conflict with daily working hours. baseline demographic 
data are presented in table  1. there were no significant 
differences in demographic, disease duration and sever-
ity and other disease characteristics between two order 
groups (P > 0.05). Because of the presence of eyes tremor 
in PD patients which might affect the examination, some 
data of OCT, PERG and VEP was excluded. the numbers 
of eyes after exclusion were presented in Supplementary 
table (1) the missing clinical scales due to incomplete-
ness of evaluation or inconvenience of participants were 
presented in Supplementary table (2) baseline PERG and 
VEP data was presented in Supplementary table 3.

Adherence metrics
All participants enrolled in final analysis completed BLT 
and DLT intervention. We monitored the adherence by 
the following: 1). Participants were asked by follow-up 
staff by phone regularly; 2). Huawei Zhengtai remote 
control smart socket was used to connect the light box 
to display the time period during when the light boxes 
were energized each day and could automatically timed 
to switch on and off the light box.

Effects of light therapy on clinical symptoms
Paired samples Wilcoxon signed rank test of different 
scales before and after BLT were performed to evaluate 
the effects of BLT (Supplementary Table 4a). There were 
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significant improvements in ESS (P = 0.025), HAMA-
14 (P = 0.040), PDQ-39 (P = 0.035) and SCOPA-AUT 
(P = 0.020) scales after BLT. For DLT intervention, PSQI 
showed significant improvement (P = 0.006) (Supple-
mentary Table  4b). Mixed-effects regression models for 

Δscales comparisons between BLT and DLT showed no 
differences (Table 2).

Effects of light therapy on RNFL thickness
We preformed paired samples Wilcoxon signed rank test 
of RNFL before and after BLT (Supplementary Table 5a) 
and DLT (Supplementary Table  5b). There was no sig-
nificant change in the four quadrants of RNFL thickness 
before and after two light interventions. Mixed-effects 
regression models for ΔRNFL comparisons between BLT 
and DLT showed no differences (Table 3).

Effects of light therapy on PERG and VEP parameters
We evaluated the difference before and after BLT or DLT. 
We conducted paired samples Wilcoxon signed rank test 
of PERG and VEP parameters between before BLT and 
after BLT groups (Supplementary Table  6a). There were 
significant differences of bilateral N95 latencies for PERG 
(P < 0.01) and P100 latencies (P < 0.01) for VEP after BLT. 
Although oculus Dexter (OD) N35 amplitude (P = 0.013) 
and P50 latency (P = 0.036) showed significant differences 
after DLT (Supplementary Table 6b), this result became 
insignificant in mixed effects models. Table 4 illustrated 
the effect of light therapy on ΔPERG and ΔVEP param-
eters. Compared with DLT, BLT significantly improved 

Table 1 Demographic characteristics and disease metrics of the 
study cohort

Randomization
Variable Order1 Order2 Final 

sample
P 
value

Number of 
participants

11 12 23 -

Sex, Female/Male 5/6 4/8 9/14 0.552a

Age, y 63.36 ± 7.38 64.00 ± 6.77 63.70 ± 6.91 0.831b

Disease dura-
tion, m

60 (48, 92) 63 (49, 81) 60 (48, 84) 0.786c

H&Y 1.5 (1.5, 2.5) 2.0 (2.0, 2.9) 2.0 (1.5, 2.5) 0.104c

LED 450 (375, 750) 688 (406, 
872)

525 (375, 
865)

0.288c

Values are expressed as mean ± SD or median (interquartile range) or frequency

Abbreviations: y = years, m = months, H&Y = Hoehn and Yahr stages, 
LED = levodopa equivalent dose
a Chi-square test between groups Order 1 and Order 2
b Independent Samples t-test between groups Order 1 and Order 2
c Mann-Whitney U tests between groups Order 1 and Order 2

Fig. 1 Study flow diagram. A total of 29 participants were screened, 6 were excluded following screening, 23 consented and started baseline and were 
randomly assigned. A total of 23 completed the first period, 21 completed both periods (2 participants discontinued due to being conflict with daily 
working hours). Abbreviations: COVID-19 = coronavirus disease 2019, Order 1 = intervention order starting with BLT first, Order 2 = intervention order 
starting with DLT first, BLT = bright light therapy, DLT = dim light therapy
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bilateral N95 latencies (P = 0.003 for OD and P = 0.018 for 
oculus sinister (OS)) and P100 latencies (P < 0.001 for OD 
and P = 0.001 for OS). We found no significant correla-
tions between ΔN95, ΔP100 latencies and Δscales scores 
in BLT (Table 5).

Adverse effects of LT
Light therapy was well tolerated. Only 2 participants 
reported mild headache during the BLT intervention. 
These adverse effects resolved spontaneously.

Discussion
To our knowledge, this study was the first to illustrate 
that safety and effectiveness of BLT in PD patients using 
ophthalmological-related examinations. The RNFL was 
not significantly altered before or after BLT, suggest-
ing that BLT did not affect the structural function of 
the retina. Furthermore, we found that visual pathways 
improvement might be crucial mechanisms for BLT in 
PD patients. Together, these findings suggested that BLT 
was important for enhancing visual pathways function in 
PD patients.

The exploration of biomarkers for PD has been a prom-
ising research direction [31]. By using OCT and PERG, 
visual biomarkers such as retina and its downstream 
pathways have been confirmed by numerous studies to 

be abnormal in patients with PD [5]. OCT could provide 
accurate and reproducible cross-sectional imaging of the 
retina and optic nerve including RNFL [32]. Although the 
precise origin of PERG waveform was not be fully elu-
cidated, N95 component was hypothesized to originate 
mainly in retinal ganglion, while P50 component was 
derived form ganglion cells and its downstream visual 
pathways [33]. Human and animal-related studies have 
identified the presence of α-synuclein deposits in the 
retina in PD, suggesting that retinal structural and func-
tional changes might serve as a neglected but important 
biomarker of PD [34]. Previous studies also confirmed 
the presence of RNFL thinning and decreased retinal 
function in PD patients [7–9]. Therefore, it is significant 
to assess the changes of retina function in PD patients 
before and after treatment using retinal related examina-
tions. Previous studies found significant improvement in 
PERG responses [31, 35] in PD patients with the use of 
levodopa, and we observed an ameliorative effect on reti-
nal dysfunction in PD patients by using BLT for up to one 
month.

As the use of BLT in PD has gradually increased, its 
safety and mechanisms have been emphasized [36]. 
Although animal studies have demonstrated that it might 

Table 2 Effect of bright light therapy or dim light therapy on 
subjective scale scores
Scales BLT DLT P valuea

ΔMDS-UPDRS I 0.00(-3.00, 2.00) -4.50(0.00, 2.00) 0.603
ΔMDS-UPDRS II 0.00(-2.00, 0.00) -1.00(-2.00, 2.50) 0.769
ΔMDS-UPDRS III 0.00(-3.00, 5.00) 0.00(-3.50, 10.50) 0.746
ΔESS -2.00(-4.00, 0.00) -2.00(-6.00, 2.00) 0.870
ΔFSS 0.00(-4.00, 3.00) 3.00(-9.50, 9.50) 0.802
ΔHAMA-14 0.00(-2.00, 1.00) 0.00(-1.00, 1.00) 0.705
ΔHAMD-24 0.00(-1.00, 3.00) 1.00(-1.00, 2.75) 0.922
ΔMoCA 0.00(0.00, 2.00) 0.00(-3.00, 1.50) 0.111
ΔNMSQ 0.00(-1.00, 0.50) -0.50(-4.50, 2.75) 0.424
ΔPDQ-39 -2.00(-4.00, 0.00) -1.00(-4.50, 3.25) 0.222
ΔPDSS-2 0.00(-2.75, 2.00) -1.00(-8.50, 0.50) 0.780
ΔPSQI -1.00(-5.00, 1.00) -2.00(-4.50, -0.50) 0.398
ΔRBDQ-HK 0.00(0.00, 0.00) 0.00(-5.75, 6.00) 0.415
ΔSCOPA-AUT 0.00(-1.50, 0.00) -2.00(-2.00, 0.00) 0.290
Scale scores are expressed as median (interquartile range) and as differences 
before and after BLT or DLT
aP values were estimated with a mixed-effects regression model with 
participant as a random effect

Abbreviations: BLT = bright light therapy, DLT = dim light therapy, MDS-
UPDRS = Movement Disorder Society-Sponsored Revision of the Unified 
Parkinson’s Disease Rating Scale, ESS = Epworth Sleepiness Scale, FSS = Fatigue 
Severity Scale, HAMA-14 = 14-item Hamilton Anxiety Scale, HAMD-24 = 24-
item Hamilton Depression Scale, MoCA = Montreal Cognitive Assessment, 
NMSQ = Non-Motor Symptoms Questionnaire, PDQ-39 = Parkinson’s Disease 
Questionnaire-39, PDSS-2 = Parkinson’s Disease Sleep Scale 2nd version, 
PSQI = Pittsburgh Sleep Quality Index, RBDQ-HK = RBD questionnaire-Hong 
Kong, SCOPA-AUT = The Autonomic Scale for Outcomes in Parkinson’s disease

Table 3 Effect of bright light therapy or dim light therapy on 
RNFL using HD-OCT
RNFL thickness BLT DLT P valuea

OD
ΔAverage (µm) 1.00 (-2.00, 

2.00)
0.00 (-1.75, 
2.00)

0.636

ΔTemporal quadrant thickness 
(µm)

0.00 (-3.00, 
4.75)

1.00 (-4.75, 
4.75)

0.134

ΔNasal quadrant thickness (µm) 2.00 (-1.00, 
5.50)

-0.50 (-5.75, 
1.75)

0.101

ΔSuperior quadrant thickness 
(µm)

1.00 (-4.00, 
4.50)

-3.50 (-7.75, 
2.75)

0.384

ΔInferior quadrant thickness 
(µm)

1.50 (-2.50, 
5.00)

2.50 (-0.75, 
5.75)

0.996

OS
ΔAverage (µm) 0.00 (-2.00, 

1.00)
1.00 (0.00, 
4.00)

0.334

ΔTemporal quadrant thickness 
(µm)

0.00 (-3.75, 
3.00)

1.00 (-3.00, 
4.00)

0.741

ΔNasal quadrant thickness (µm) -1.50 (-7.75, 
0.75)

1.00 (-2.00, 
6.00)

0.233

ΔSuperior quadrant thickness 
(µm)

1.00 (-3.75, 
7.25)

1.00 (-2.00, 
5.00)

0.723

ΔInferior quadrant thickness 
(µm)

0.00 (-4.75, 
3.00)

3.00 (-2.00, 
7.00)

0.356

Values of HD-OCT parameters are expressed as median (interquartile range) 
and as differences before and after BLT or DLT
aP values were estimated with a mixed-effects regression model with 
participant as a random effect

Abbreviations: HD-OCT = high-definition optical coherence tomography, 
RNFL = retinal nerve fiber layer, BLT = bright light therapy, DLT = dim light 
therapy, OD = oculus dexter, OS = oculus sinister
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activate the retina and its downstream neural circuits to 
improve sleep [37] and spatial memory [38], the mecha-
nism of BLT in PD was currently unknown. The N95 
latency of PERG examination was significantly reduced 
by BLT, suggesting that the connectivity of retinal gan-
glion cells and visual pathways were alleviated by BLT, 
but unfortunately no changes in RNFL were observed. 
A possible explanation is that retinal function might 
improve before structure did, as previously found by 
Huang et al. that it might not be found the difference of 

RNFL until PD patients are in the H-Y III stage [8], while 
ERG abnormalities might be detected in the early stage of 
disease. BLT is a long-lasting non-pharmacological inter-
vention [16]. We might need to follow up longer in the 
future. From a therapeutic point of view, the insignificant 
changes in the RNFL after BLT might indicate that BLT 
used in this study did not cause damage to retina and is 
safe and effective.

VEP waveform mainly generated form the occipital 
cortex and could reflect the integrity of the ascending 
visual pathways. The morphology and latency of P100 
were important electrophysiological parameters for 
evaluating the integrity of light pathways as well [39]. 
Thus, the prolonged latency of P100 indicated the con-
nectivity of visual neurons was impaired in PD patients 
[40]. In terms of neural circuits, since retinal ganglion 
cells could secrete dopamine, it could be hypothesized 
that the integrity of its downstream visual pathway was 
closely related to the dopamine system. Therefore, dopa-
mine might play an important role in the BLT which in 
turn activated the entire visual circuits. Due to the lack 
of PET imaging of retinal dopamine transporters, we cur-
rently lack direct evidence demonstrating retinal release 
of dopamine after BLT. Future studies need to validate 
this hypothesis.

Although BLT improved non-motor symptoms in 
Parkinson’s disease, such as daytime sleepiness, anxiety, 
and quality of life, the effect was minimal in the mixed-
regression model. Meanwhile, no association was found 
between visual pathway improvements and clinical 
symptoms. As pointed by our previous research [15], 
BLT might induce more extensive and intense neural 
activity than DLT. Here, we also observed that the visual 
pathways were activated by BLT, but it was well acknowl-
edged that non-motor symptoms were associated with 
various neural pathways [41], brain regions [42]. Thus the 
one-month activation of the visual pathways here was not 
sufficient to provide significant symptom alleviation.

We acknowledge some limitations in this study. First, 
our results were limited by our small sample size of 21 

Table 4 Effect of bright light therapy or dim light therapy on 
PERG and VEP
Functional 
parameters

BLT DLT P 
valuea

PERG-OD
ΔN35 latency (ms) -6.00 (-14.00, 5.00) -2.00 (-9.50, 7.50) 0.366
ΔN35 amplitude (µV) -0.60 (-1.80, 0.80) 1.20 (-0.35, 2.75) 0.034
ΔP50 latency (ms) 0.00 (-6.00, 16.00) 2.00 (-7.00, 10.50) 0.694
ΔP50 amplitude (µV) -0.40 (-2.50, 0.70) 1.30 (-0.50, 3.00) 0.047
ΔN95 latency (ms) -27.00 (-44.00, 

-2.00)
4.00 (-13.50, 38.00) 0.003

ΔN95 amplitude (µV) -0.90 (-1.30, 0.10) 1.30 (-0.85, 1.60) 0.270
PERG-OS
ΔN35 latency (ms) -6.00 (-18.25, 

13.50)
0.00 (-13.00, 4.00) 0.980

ΔN35 amplitude (µV) -0.25 (-3.43, 0.63) -0.10 (-1.60, 1.55) 0.324
ΔP50 latency (ms) 0.00 (-8.50, 6.00) 4.00 (-7.00, 13.00) 0.141
ΔP50 amplitude (µV) -0.45 (-2.48, 0.20) -0.30 (-2.05, 0.80) 0.443
ΔN95 latency (ms) -15.50 (-35.75, 

0.50)
-5.00 (-22.00, 
15.50)

0.018

ΔN95 amplitude (µV) -0.20 (-1.05, 1.00) 0.70 (-1.05, 1.65) 0.365
VEP
ΔP100-OD (ms) -7.66 ± 8.50 1.24 ± 6.34 < 0.001
ΔP100-OS (ms) -8.03 ± 7.00 0.52 ± 8.92 0.001
Values of PERG and VEP are expressed as median (interquartile range) or 
mean ± SD and as differences before and after BLT or DLT
aP values were estimated with a mixed-effects regression model with 
participant as a random effect

Abbreviations: BLT = bright light therapy, DLT = dim light therapy, PERG = pattern 
electroretinogram, VEP = visual evoked potentials, OD = oculus dexter, 
OS = oculus sinister

Table 5 Correlations between Δscales scores and ΔPERG or ΔVEP values in participants receiving bright light therapy
ΔScales
ΔESS ΔHAMA-14 ΔPDQ-39 ΔSCOPA-AUT
Spearman’s ρ P value Spearman’s ρ P value Spearman’s ρ P value Spearman’s ρ P value

PERG
OD-N95 latency (ms) 0.350 0.141 -0.057 0.815 0.163 0.533 0.031 0.907
OS-N95 latency (ms) 0.033 0.896 -0.181 0.472 -0.193 0.474 -0.029 0.914
VEP
P100-OD (ms) 0.016 0.942 0.108 0.625 -0.206 0.371 -0.324 0.152
P100-OS (ms) 0.244 0.263 -0.200 0.360 -0.006 0.979 0.105 0.650
Correlations between Δscales scores and ΔVEP or ΔPERG values are analyzed by Spearman correlation test

Abbreviations: ESS = Epworth Sleepiness Scale, HAMA-14 = 14-item Hamilton Anxiety Scale, PDQ-39 = Parkinson’s Disease Questionnaire-39, SCOPA-AUT = The 
Autonomic Scale for Outcomes in Parkinson’s disease, PERG = pattern electroretinogram, VEP = visual evoked potentials, OD = oculus dexter, OS = oculus sinister
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patients enrolled in the final analysis, which limited the 
further exploration of our results. Second, we observed 
differences of OD N95 and P100-OS latencies between 
two orders in T0. Though the numbers of N95 and P100 
latencies of Order 1 participants were larger than those 
of Order 2, it is noteworthy that they were significantly 
decreased after BLT. Nevertheless, these two values were 
increased after DLT. Thus, BLT was more able to improve 
the visual neural pathways compared to DLT. Last, PD 
patients who did not receive LT rather than 200 lx could 
be the true Sham group in our study. Thus, this result 
might be confirmed in the future.

Conclusion
By means of OCT, PERG and VEP, we concluded that 
BLT is a safe and valuable intervention for improving 
visual pathways in PD patients, thus providing novel 
mechanisms of BLT in PD.

Abbreviations
BLT  Bright light therapy
PD  Parkinson’s disease
OCT  Optical coherence tomography
PERG  Pattern electroretinogram
VEP  Visual evoked potentials
DLT  Dim light therapy
RNFL  Retinal nerve fiber layer
LT  Light therapy
H&Y  Hoehn and Yahr stages
LED  Levodopa equivalent doses
MDS-UPDRS  Movement Disorder Society-Sponsored Revision of the 

Unified Parkinson’s Disease Rating Scales
PDQ-39  Parkinson’s Disease Questionnaire-39
FSS  Fatigue Severity Scale
NMSQ  Non-Motor Symptoms Questionnaire
MoCA  Montreal Cognitive Assessment
PSQI  Pittsburgh Sleep Quality Index
ESS  Epworth Sleepiness Scale
PDSS-2  Parkinson's Disease Sleep Scale 2nd version
SCOPA-AUT  The Autonomic Scale for Outcomes in Parkinson's disease
HAMD-24  24-item Hamilton Depression Scale
HAMA-14  14-item Hamilton Anxiety Scale
RBDQ-HK  RBD questionnaire-Hong Kong
IQR  Interquartile range
Y  Years
m  Months
OD  Oculus dexter
OS  Oculus sinister
HD-OCT  High-definition optical coherence tomography
COVID-19  Coronavirus disease 2019
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