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Abstract



 





BACKGROUND: Non-visual effects of the retina have been increasingly confirmed in developing Parkinson disease (PD). Light therapy (LT) has been proven to be an effective non-pharmacotherapy for improving the prognosis of PD, but the pathway of action is unclear, and there is a lack of a unified and standardized LT regimen. We aimed to evaluate the efficacy and safety of various LT measures in improving motor and non-motor symptoms in patients with idiopathic PD via a meta-analysis. 


MATERIAL AND METHODS: CENTRAL, EMBASE, CINAHL, PEDro, and PubMed were searched for randomized controlled trials (RCTs) investigating the efficacy of LT for PD. Cochrane’s Risk of bias tool and the GRADE approach were used to assess evidence quality. A meta-analysis and subgroup analyses evaluated the differences in efficacy produced by the different LT protocols. Trial sequential analysis (TSA) verified the analyses outcome and quantified the statistical relevance of the data.[color=#0e101a] [/color] 


RESULTS: Patients receiving LT had significantly better scores for motor function (MD=-4.68, 95% Cl -8.25 to -1.12, P=0.01) compared with the control group exposed to dim-red light. In addition, in terms of non-motor symptoms, depression (SMD=-0.27, 95% Cl -0.52 to -0.02, P=0.04) and sleep disturbance-related scores (MD=3.45, 95% Cl 0.12 to 6.78, P=0.04) similarly showed significant optimization after receiving LT. 


CONCLUSIONS: The results of this meta-analysis show strong evidence that LT has significant efficacy on motor and non-motor function in PD patients. 
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Background

Parkinson disease (PD) is the second most common neurodegenerative disease of the central nervous system, affecting 2–3% of the global population over 65 years old [1]. PD is clinically characterized by motor and non-motor symptoms (NMS) that reduce the quality of life and hinder daytime functioning. Motor symptoms mainly manifest as resting tremor, rigidity, and bradykinesia, while non-motor symptoms manifest as depression, excessive daytime sleepiness, sleep disorders, fatigue, and anxiety. Long-term dopamine replacement therapy has been associated with motor complications, excessive daytime sleepiness, sleep problems, and psychiatric adverse effects [2]. Therefore, it is urgent to introduce non-drug therapy to prevent and manage complex symptoms of PD patients to reduce the clinical application of drug therapy.

Several studies have shown that the retina plays an essential role in the occurrence and development of some PD patients [3]. Notably, retinal thinning and retinal ganglion cell (RGC) loss may occur in the early stage of PD [4]. Retinal thickness is a potential imaging biomarker of cognitive decline in the early stage of PD [5,6]. The photosensitive properties of melanin secreted by intrinsically photosensitive RGCs (ipRGCs) play a crucial role in non-visual effects. These ipRGC are located at the starting point of the hypothalamic tract, and melanin is projected to many subcortical regions through them, stimulating the rhythmic production and secretion of melatonin in the pineal gland [7]. In conclusion, photosensitive melanin is the starting point for the retina to affect melatonin and circadian rhythm.

It is well known that the pathological feature of PD is the loss of dopaminergic neurons in the substantia nigra. There is abundant evidence that PD is an endocrine disease in which dopamine and melatonin work together [8,9]. Melatonin, produced by the pineal gland and retina, affects circadian and seasonal rhythms, most notably the sleep-wake cycle. The circadian rhythm can regulate dopamine rhythm. Melatonin can inhibit dopamine release [10]. Light can drive the acute suppression of melatonin and regulate the circadian rhythm by affecting the melanin system.

Studies have shown that dopamine production and release increase in light and decrease in darkness, while melatonin does the opposite [8,11]. LT before bedtime can delay the peak of melatonin secretion. Phototherapy performed during the day can decrease melatonin, which inhibits dopamine release, increasing dopamine release [12]. Additionally, dopamine levels in the retina likewise fluctuate with a circadian rhythm [13]. Studying the effect of light in the processes that are regulated by melatonin provides us with a sufficient theoretical basis (Figure 1).

LT is non-drug therapy using daily rhythmic exposure to high-intensity light with active properties which comes from sunlight, lightboxes, or other light-emitting devices. Light with active properties effectively stimulates melanocytes, such as short-wavelength monochromatic light or mixed polychromatic white light. It has been used as adjunctive therapy for many diseases for more than 30 years, including depression [14,15], bipolar disorder [16,17], seasonal affective disorder (SAD) [18], and circadian rhythm sleep disorders [19]. In recent years, several clinical studies have shown that light has great potential in treating motor and non-motor symptoms of PD [10,20]. Bright white (>3000 lx) and short-wavelength blue-green (450–500 nm) light are generally considered to have active properties, while dim-red light (<300 lx) is considered not to have active properties. The absorption peak of melanopsin is between 460 nm and 484 nm, corresponding to the short-wavelength blue-green light in the visible spectrum [21]. Blue light can activate melanin and rapidly inhibit melatonin [22]. Different wavelengths, intensities, and instruments were used for LT in the current study. However, no meta-analysis has examined the efficacy of different treatment strategies for PD by subgroup analysis.

Our study showed that both motor and non-motor functions were improved in patients with PD receiving light therapy. We analyzed the potential mechanisms of light therapy to improve motor and non-motor function. Moreover, we discuss the influence of the scheme design of light therapy on the treatment effect through subgroup analysis. The objective of this study was to evaluate the efficacy and safety of LT in improving motor and non-motor symptoms of PD patients and determine the best regimen of LT via a meta-analysis.

Material and Methods

SYSTEMATIC REVIEW STRATEGY: 
We searched the Cochrane Central Register of Controlled Trials (CENTRAL), EMBASE, CINAHL, PubMed, the Physiotherapy Evidence Database (PEDro), and the Cochrane Movement Disorders Group trials register. We also searched clinical trials registries such as Clinical Trials.gov (clinical trials.gov/) and the World Health Organization International Clinical Trials Registry Platform (WHO ICTRP) (apps.who.int/trial search/), and we hand-searched relevant conference proceedings (such as Abstracts of Parkinson’s Disease and Movement Disorders Congress) (last searched December 2020). We also checked reference lists and contacted study authors to identify studies. We have run 5 separate searches to date, the latest one in August 2021.

INCLUSION AND EXCLUSION CRITERIA: 
The review included all (RCTs) including different methods to compare LT with control treatment. The inclusion criteria were: (1) according to the accepted criteria, participants must be diagnosed with idiopathic PD by a neurologist (as defined by the UK Parkinson’s Disease Society brain bank criteria or other), accompanied by different degrees of excessive daytime sleepiness, sleep disorders, depression, and other related symptoms; (2) all patients in the included studies were treated with a stable PD regimen for at least 4 weeks before inclusion; (3) if participants take sedatives, hypnotics, or psychotropic drugs simultaneously, they should also take them consistently for at least 4 weeks to avoid interfering with the evaluation. Exclusion criteria were: (1) Eye diseases that interfere with vision; (2) Cognitive impairment; (3) Serious mental illness; (4) Severe dyskinesia.

 
We included various forms with LT as active interventions, such as bright light (polychromatic white light; 3000 lux–10 000 lux) and blue-green light. We did not limit LT in terms of duration, time of day, device, or wavelength. Acceptable control interventions were any form of light less than 300 lux.

 
We excluded studies that were duplicates, irrelevant, marked as ineligible by automation tools, did not meet the inclusion criteria, or were not retrieved. The excluded articles and detailed reasons for exclusion are listed in the “Characteristics of studies” file.

 
After integration, we selected 5 primary outcomes (motor function, depression, daytime sleepiness, sleep, and adverse events) and 3 secondary outcomes (fatigue, anxiety, and quality of life).

DATA EXTRACTION: 
Two reviewers independently extracted data from the included studies using the data extraction form we designed for this review. We resolved differences by reaching a consensus or inviting other reviewers. We extracted the publication details (first author name, year of publication, manuscript title, cohort name, country of cohort), research design information (randomization, allocation sequence hiding, blind method, time frame, research environment), participant characteristics (age, gender, course of disease, severity, country, baseline scores for specific symptoms), interventions (equipment, intensity, wavelength, frequency and time, distance), and outcome measures (results and time points, definitions of related outcomes, and measurement units). One reviewer entered the data into Review Manager 5.4 [24], and another reviewer checked the accuracy of the data.

STATISTICAL ANALYSES: 
We followed the guidelines in the Cochrane Handbook [25] for Systematic Reviews of Interventions for data analyses [26]. We carried out data analysis using Review Manager 5.4 and STATA (version 14.0, StataCorp, USA). We used a fixed-effects model for all studies because the value of heterogeneity was less than 50%. For continuous outcomes, the effect measure is the mean difference (MD) with 95% CI. If scales of different lengths are used, and if we judged that the outcome measured was similar enough, we used the standardized mean difference (SMD) with 95% CI. We presented results as risk ratios (RR) for dichotomous outcomes with 95% confidence intervals (CI). We contacted all authors of the included studies to obtain missing information. For continuous measures, where primary outcome data were not provided in the form of a mean and standard deviation, where possible, we obtained means or SDs from other measures, such as medians, quartiles, means change from baseline, and SDs change from baseline.

 
If indicated, the authors examined heterogeneity between trial results using a standard chi-squared test. For the heterogeneity adjustment of the diversity-adjusted required information size (DARIS) in the Trial Sequential Analysis, we used diversity (D2) because the I2 statistic used for this purpose might underestimate the required information size [27]. We formally assessed publication bias using funnel plots, performing Egger’s test [28].

ASSESSMENT OF RISK OF BIAS AND GRADE: 
Two review authors independently assessed risk of bias of included randomized trials using the Cochrane ‘Risk of bias’ tool, as described in the Cochrane Handbook for Systematic Reviews of Interventions. We resolved discrepancies by reaching consensus or by involving another review author.

 
We assessed the certainty of the evidence using the GRADE system to present review results in ‘Summary of findings’ (SoF) tables, using GRADEPro 3.6 (http://ims.cochrane.org.ermg.femh.org.tw:81/revman/gradepro) [29]. The GRADE approach appraises the quality of a body of evidence-based on the extent to which one can be confident that an estimate of effect or association reflects the item being assessed [30]. Considerations are due to the within-trial risk of bias, directness of the evidence, data heterogeneity, precision of effect estimates, and risk of publication bias. In SoF tables, we included 5 Primary outcomes (motor functions, depression, daytime sleepiness, sleep, adverse events). The GRADE approach results in an assessment of the quality of a body of evidence in 1 of 4 grades (high certainty, moderate certainty, low certainty, very low certainty).

SUBGROUP ANALYSIS: 
All the following groups were included by more than 3 trials. The MD was calculated of these subgroups.

TRIAL SEQUENTIAL ANALYSIS: 
We performed Trial Sequential Analysis to preserve the risk of type 1 and type 2 errors at desired levels in the setting of sparse data and potential repeated testing [31]. For all meta-analyses performed, we used Trial Sequential Analysis to verify the power adequacy and adjust the 95% confidence intervals if the data were sparse [32,33]. Preserving a type 1 error risk of 5% and a type 2 error risk of 20%, we constructed monitoring boundaries using the pooled SD for continuous data and the unweighted mean of the control event rate for categorical data, and the diversity was calculated from the actual meta-analysis [34]. The diversity-adjusted required information size (RIS) on the incidence of adverse events was calculated based on incidence in the control group of 22.2%; risk ratio reduction of 30% in the experimental group; type I error of 5%; and type II error of 20% (80% power).

Result

RESULTS OF THE SEARCH: 
We identified 2193 records through the database (2145 studies) and trials register (48 studies) searches. After merging the search results and discarding the duplicates, the 2 authors examined the cited titles and abstracts, respectively, to identify studies that might be included in the review. If the title or abstract appeared to meet our inclusion criteria, we evaluated the eligibility of the included trials based on the full text. From the 2193 titles and abstracts retrieved, we assessed 16 articles for eligibility. We excluded studies that did not meet the predefined inclusion criteria, such as non-randomized controlled trials. Following a thorough screening, we identified 15 articles. The articles by Sonja and colleagues were, in fact, a single study with 2 bibliographic references. Five trials were excluded [35–39]. As such, we included 10 trials in the qualitative analyses. Excluding 4 ongoing trials and 1 study with only abstracts, we included 5 studies in the quantitative analyses [40–44]. We documented the selection process in sufficient detail to complete the PRISMA flowchart (Figure 2) [32]. The excluded articles and the reasons for exclusion are listed in the “Characteristics of studies” file. The 2 authors resolved their differences through discussion or referred to another author if necessary. If there was a lack of relevant information, we contacted the study authors. We tracked all the results in the EndNote X9 database.

INCLUDED STUDIES: 
The evaluation included 5 RCTs. A total of 231 participants with PD were included, of which 156 were male (59%) and 110 were female (41%). Reported mean ages ranged between 58.9 and 70.8 years old. The patients came from 5 countries (USA, Germany, The Netherlands, Belgium, Australia). Four trials described the severity of EDS, and participants with mean baseline ESS >12 accounted for 24.7%. The demographic characteristics of all studies are shown in Table 1.

 
Two studies used lightboxes (Sun Ray Sunbox SB-558; Brazil, Lumie, Cambridge UK). Three other studies used SpectraMax light therapy devices, portable head-mounted devices (Luminette®, Belgium), or fluorescent tubes (Apollo BL-6) phototherapy devices. The device was placed at a distance of 0.2 m to 1 m, at an angle or eye level. For therapy of seasonal affective disorder, the illuminance of 10 000 lux for 30 min daily had been proven to be most effective, while illuminance of less than 2500 lux is thought to be ineffective. Participants in the 3 studies were exposed to white or polychromatic light with various intensities (from 3000 to 10 000 lux). The other 2 were exposed to blue/green light (450–570 nm). In addition, light therapy was performed once or twice a day (in the morning or evening) with a duration of 30 min to 60 min. All studies used phototherapy devices with the same appearance as the active intervention group in the placebo control group. Placebo phototherapy was performed in various colors, such as red, orange, or polychromatic, and intensity was less than 300 lux. Almost all of the studies were conducted at home, and only 1 was conducted in a hospital [44]. The equipment and relevant parameters used in all studies are shown in Table 2. In addition, Table 3 shows all the clinical variables in each included study, SoF, and demonstrates all the methods of measuring primary and secondary outcomes.

RISK OF BIAS AND QUALITY ASSESSMENT: 
Detailed reasons for assessing the risk of bias are recorded in the “Characteristics of studies”. In the ‘Risk of bias’ tables, we recorded this information and presented a summary’ Risk of bias’ figure (Figure 3). We considered 4 studies at low risk and Videnovic 2017 at unclear risk of bias due to insufficient information on how the random assignment was performed. All trials reported adequate blinding of the outcome assessor and participants. We did not find incomplete outcome data or selective reporting. The studies were found to be “low risk of bias” when these studies were subjected to the Cochrane Collaboration’s Tool for Quality Assessment of Randomized Controlled Trials.

EFFECTS OF INTERVENTIONS: 
The GRADE evaluation results are displayed in Table 3.

MOTOR FUNCTION: Four trials with 209 participants recorded motor function measured by Unified Parkinson’s Disease Rating Scale subscale Part III (URPDS III) [40–42,44]. Pooled analysis showed a statistically significant difference between bright light therapy and placebo (MD=−4.68; 95% CI −8.25 to −1.12; P=0.01) (Figure 4A), with low heterogeneity (I2=0%, P=0.63), proving that the light treatment was better than a placebo. On the whole, the movement symptom was obviously improved. The homogeneity test indicated no significant heterogeneity (I2=0%) (Figure 4A).

DEPRESSION: Five trials with 234 participants measured improvement of depression after light treatment by using the Beck Depression Inventory (BDI) and Hamilton Depression Rating Scale (HDRS). There was a significant improvement in depression measured by BDI and HDRS in the light treatment group compared with the control group (SMD=−0.27; 95% CI −0.52 to −0.02; P=0.04; I2=0%; high quality of evidence) (Figure 4B). No statistical heterogeneity was present.

DAYTIME SLEEPINESS: Four studies used the Epworth Sleepiness Scale (ESS) [40,42–44], and 1 study used the SCOPA-daytime sleepiness (higher scores mean worse daytime sleepiness) involving 241 participants with PD assessing the effects of bright light treatment compared to the dim light treatment group on daytime sleepiness [42]. There was no statistically significant improvement in the bright light treatment group for daytime sleepiness. Assessment of statistical heterogeneity among trials indicated I2=0%, indicating no apparent heterogeneity (Figure 4C).

SLEEP: Two studies evaluated the effectiveness of LT in sleep involving 122 participants [40,42]. Data showed a statistically significant difference in sleep measured by the Parkinson’s Disease Sleep Scale (PDSS) (MD=3.45, 95% Cl 0.12 to 6.78, P=0.04, n=122). The heterogeneity test indicated no significant heterogeneity between the LT and placebo groups (I2=0%; high quality of evidence) (Figure 4D).

ADVERSE EVENTS: The adverse events in the LT group were significantly higher than those in the placebo group (RR=2.65,95% Cl 1.38 to 5.09, P=0.003, n=231) (Figure 4E). However, adverse events were described in all studies as mild and transient ocular symptoms and headache, and no serious adverse events were reported.

SECONDARY OUTCOMES (FATIGUE; ANXIETY; AUALITY OF LIFE): Three trials involving 81 participants with PD assessed fatigue utilizing the Brief Bronowski Scale (BBS), the Fatigue Impact Scale (FIS), and Fatigue Severity Scale (FSS). This study demonstrated no significant improvement in the LT group (SMD=−0.13, 95% Cl −0.57 to 0.30, P=0.55, n=81) (Figure 5A). Three trials involving 141 participants with PD assessed anxiety by Beck Anxiety Inventory (BAI) and Hamilton Depression Rating Scale (HDRS). This study demonstrated no significant improvement in the LT group (MD=−0.01, 95% Cl −0.34 to 0.33, P=0.98, n=141) (Figure 5B). Four studies involving 209 participants with PD investigated the effects of LT on quality of life, using the PDQ-39 as an outcome measure of the quality of life. This study showed no significant difference between LT and active control interventions (MD=0.71, 95% Cl −4.12 to 5.55, P=0.77, n=209), whereby LT was found not to be superior (Figure 5C).

SUBGROUP ANALYSIS: 
We performed a subgroup analysis to compare the effects of different treatment courses, duration, time, wavelength, and devices on motor function, depression, and daytime sleepiness.

COURSE OF TREATMENT: Interestingly, when we deleted 3 studies (158/209 participants) for short-term treatment [40,44], those with long-term treatment showed more significant changes for motor functions (MD=−5.33; 95% CI −9.28 to −1.37; P=0.008) [41,42]. However, we did not find such changes in different treatment courses for other non-motor functions. Short-term treatment could reduce the adverse reactions (RR=1.88, 95% Cl 0.19 to 18.60, P=0.59, n=51).

DAILY PERIODS: In terms of the effect on motor symptoms, the 2 studies providing treatment both in the morning and at night showed a more significant improvement than those treating only at night (MD=−5.39; 95% CI −9.21 to −1.58; P=0.006) [40,41].

DAILY DURATION: Continuous light treatment for 30 min (MD=−5.33; 95% CI −9.28 to −1.37; P=0.008) [41] was associated with significantly better motor functions as compared to other trials using continuous LT for 45–60 min. However, depression improved more significantly in the 60-min subgroup of LT (MD=−0.32; 95% CI −0.62 to −0.02; P=0.04).

OPTICAL WAVELENGTH: Three studies with 118/209 participants used polychromatic white light in the active treatment group [40,41,44]. We found a more significant change in motor functions in the polychromatic white light treatment subgroup (MD=−5.06; 95% CI −8.82 to −1.30; P=0.008) [42,43].

DEVICES: Two studies [40,41] with 98 participants using lightbox treatment were compared with 2 studies [42,44] with 111 participants using other devices, showing statistically significant improvement in the lightbox subgroups on motor functions (MD=−5.39; 95% CI −9.21 to −1.58; P=0.006). There was no difference between the 2 subgroups in other non-motor measures, including depression and daytime sleepiness.

TRIAL SEQUENTIAL ANALYSIS (TSA) AND PUBLICATION BIAS: 
We performed TSA on the primary outcome. In TSA for motor function, the cumulative Z-curve (blue line) crossed the trial sequential monitoring boundaries (red inward sloping lines), indicating the conclusion was sufficient and no more trials were needed. The cumulative Z-score (blue line) did not cross the RIS (red vertical line) for depression, daytime sleepiness, and sleep. The cumulative Z-curve (blue line) did not cross the trial sequential monitoring boundaries (red inward sloping lines), suggesting that further trials are required (Figure 6A–6E). All the P values for the 5 primary outcomes were over 0.05 using Egger’s test. Funnel plots and Egger’s test, as 2 methods used to evaluate publication bias for selected outcomes of LT for Parkinson disease, did not exhibit significant publication bias (Figure 7).

Discussion

EFFECT OF LIGHT THERAPY ON MOTOR FUNCTION: 
According to the UPDRS III scoring system, 4 studies reported that light therapy could significantly improve motor function. Paus et al reported improvement of tremor, bradykinesia, and rigidity, but the control light was too strong to form an effective contrast [37]. It has been reported that patients without tremors secrete less melatonin than patients with severe tremors [45]. We speculate that the improvement of motor function is due to the regulation of circadian rhythm, inhibiting melatonin and promote dopamine secretion [11]. The biological clock of the retina may indirectly affect the dopamine rhythm by adjusting the melatonin rhythm, or it may directly affect the biological clock of dopamine secretion by dopamine neurons [46]. Secondly, light can cause retinal dopamine neurons to secrete dopamine [11,46]. studies have shown that infrared light, but not red light, can protect damaged dopamine neurons [47]. Another possible explanation is that LT can protect dopamine neurons and increase dopamine secretion.

 
Our study shows that in studies of less than 6-month duration, motor symptoms seem to be more effective with increased treatment time. The treatment effect was the best at 6 months, and the UPDRS III score improved by 5.33. Paradoxically, the quality of life has not been improved. At present, there is no study lasting longer than 6 months. It is impossible to determine whether the motor symptoms improve to a greater extent with the longer treatment and whether the quality of life will also improve.

EFFECT OF LIGHT THERAPY ON DEPRESSION: 
The depressive symptoms of patients with PD exposed to bright light were significantly improved. Previous studies have shown that phototherapy can effectively improve expression and seasonal affective disorder (SAD). However, the placebo effect is also considered to have the ability to improve depression, nor does it rule out the possibility that the sleep-wake cycle affects depressive symptoms [48]. Further study on LT’s mechanism will help clarify the potential mechanism by which LT improves depression.

EFFECTS OF LIGHT THERAPY ON SLEEP AND EXCESSIVE DAYTIME SLEEPINESS: 
Multiple reports suggest that LT has beneficial effects on the sleep-wake cycle in patients with PD, enhancing sleep and daytime alertness. According to Willis et al, sleep parameters decreased by 50% in the 2-week trial, illustrating that sleep symptoms improved early in light therapy [35]. Studies have shown that blue/green light can effectively stimulate melatonin and improve alertness [49]. Other studies showed that the sensitivity of the blue-yellow pathway is higher in the early stage of PD [50]. Exposure to blue/green light before bedtime can delay the peak of melatonin secretion, while waking up in the morning can increase daytime arousal [51]. Fabin Lin et al also published a systematic review and meta-analysis of RCT regarding the effect of bright light therapy (BLT) on depression and sleep disturbances in patients with PD, and they demonstrated that BLT was an effective intervention for improving depressive symptoms and sleep disturbances in patients with PD [52]. Their results were similar to ours, but they only focused on BLT using 3000–10 000 lux.

EFFECT OF LIGHT THERAPY ON OTHER NON-MOTOR SYMPTOMS: 
In addition to depression, sleep disturbance, and excessive daytime sleepiness, our study demonstrates that fatigue and anxiety are also significantly improved by LT in patients with PD. The study by Paus et al showed that LT significantly improved mood in patients with PD [37]. In winter, the spectrum changes, and the blue light component decreases. Blue light has been shown to effectively promote the brain’s processing of emotions [53]. ipRGCs in the suprachiasmatic nucleus (SCN) and the perihabenular nucleus (PHb) are the 2 retina–brain pathways that regulate light’s effects on emotion and cognition [54].

ADVERSE EVENTS: 
There was no mention of significant adverse effects in the reviewed studies, only minor eye discomfort, and headache. With a longer duration of LT at home, it is likely to result in better efficacy while potentially increasing adverse effects. Once transient mild adverse effects appeared, we considered that adjusting the frequency and 1–2 weeks washout period could resolve these adverse effects.

LIGHT THERAPY SCHEMES: 
The studies reviewed mostly assessed LT administered in the patients’ homes. Light therapy using lightboxes is easy to operate, allowing patients to listen to music, news, or audiobooks during treatment. The long course of treatment may achieve better results, but it may also increase the probability of eye discomfort and headache [55]. Current treatment regimens do not unify daily time points, and we believe that being performed simultaneously at bedtime and after getting started early is more beneficial for symptom improvement. As melatonin secretion peaks at between 22: 00–23: 00, LT at bedtime helps regulate circadian rhythms [43]. In contrast, LT in the early morning suppressed melatonin secretion, while cortisol peaked [41]. Treatment duration in the current study was controlled at 30–60 min, and there were no regimens beyond 60 min, making it impossible to determine whether 60 min or less is the optimal treatment duration for PD. In the treatment of depression, a time length of less than 60 min is considered to have a better therapeutic effect. Polychromatic white light may be more effective in improving motor symptoms, and blue-green light may be better for depression [56]. Previous studies have shown that blue light, which enhances melanin expression and light responses in the retina, is critical in treating depression [57,58]. Both bright white and blue light appears to have significant efficacy, but the effects of high-sensitivity blue light on adverse effects are not well-defined. Head-mounted equipment is now available in addition to the lightbox, which affects the pupil’s angle and distance of the light source. However, the effect of both near (≤50 cm) and far (>50 cm) LT on efficacy remains uncertain and awaits further study.

CLINICAL SIGNIFICANCE OF LIGHT THERAPY: 
LT as a noninvasive and convenient treatment have been proved to be effective not only in PD but also for other conditions [10,14–20]. Motor symptoms and non-motor symptoms including depression, sleep, sleep disturbance, excessive daytime sleepiness, fatigue, and anxiety can affect quality of life of patients. It will be of clinical significance to use LT to treat PD patients to improve motor and non-motor symptoms and improve their quality of life. However, the overall change in UPDRS III score was about 4 to 5, while the quality-of-life score did not change. We speculate that the possible reason for this result was that the quality-of-life score may reflect the quality of life of the previous month, which cannot reflect the effect of LT in time. Longer follow-up is needed to determine the impact of LT on quality of life. Further research may help to verify this hypothesis.

LIMITATIONS: 
A limitation of this meta-analysis is that there were only 5 RCTs suitable for quantitative analysis, so their publication bias could not be effectively assessed. Moreover, the current sample size is not enough to support us in comparing the efficacy of different treatment schemes, which can be used as the goal of future research. Secondly, most of the included studies were small-sample studies with less than 50 subjects. In addition, as a family treatment, long-term observation is required. The current research schemes are guided by staff to use phototherapy equipment, and long-term treatment compliance cannot be evaluated.

Conclusions

The overall evidence shows that LT is a noninvasive, non-pharmacological, and well-tolerated intervention. This review shows significant improvements in motor function, depression, and sleep disorders after LT treatment. Even if we believe that LT can improve excessive daytime sleepiness, the existing evidence is insufficient to form firm conclusions, and more experiments are needed. We argue that LT may reduce the time to onset of dopamine replacement medications, or can be used as a levodopa-sparing strategy or adjuvant therapy. Considering its economic benefits and good compliance, we think it would be popular with families. Further research is needed to verify the benefits of LT for excessive daytime sleepiness, fatigue, and anxiety. Further research is needed to determine the best course of treatment, daily time, dose, light intensity, and wavelength of LT for each symptom.
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