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Abstract

Background: Themedical community is beginning to recognize that retinitis pigmentosa (RP), dueto its disabling progression,
eventually leads to a reduction in the patient’s quality of life, a direct economic impact, and an increase in the burden on the
health care system. Thereisno curative treatment for the origin of the disease, and most of the current interventionsfail in reducing
the associated negative psychological states, such as anxiety and depression, which lead to increased variability of vision and
pose a continuous threat to the patient’s independence.

Objective:  The aim of this study is to assess the effect of oral melatonin (OM) administration alone and combined with
short-wavelength light (SWL)-blocking filters on patients with RP and test their effectiveness in improving the level of stress
and sleep problems in many of these patients.

Methods: We have developed alow-cost therapy protocol for patients with RP with sleep disorders and negative psychological
stress. Patients will be randomized to receive a combined intervention with SWL-blocking filters and OM, SWL-blocking filters
alone, or OM aone. There will aso be a nonintervention arm as a control group. This study will be conducted across 2 retinal
unitsin patients with RP with sleep disorders and high perceived stress and anxiety score reports. Patients will be assessed in the
preintervention period, weekly during the 4 weeks of intervention, and then at 6 months postintervention. The primary outcomes
are the differences in changes from baseline to postintervention in hormone release (a-amylase, cortisol, and melatonin) and
sleep quality, as measured with the visua anal og scale. Secondary outcome measuresinclude clinical macular changes, asmeasured
with optical coherencetomography and optical coherencetomography angiography; retinal function, asmeasured using thevisual
field and best-corrected visual acuity; sleep data collected from persona wearables; and severa patient-reported variables, such
as self-recorded sleep diaries, quality of life, perceived stress, and functional status.
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Results: Thisproject is till astudy protocol and has not yet started. Bibliographic research for information for its justification
began in 2020, and this working group is currently seeking start-up funding. As soon as we have the necessary means, we will
proceed with the registration and organization prior to the preliminary phase.

Conclusions: In this feasibility randomized clinical controlled trial, we will compare the effects of SWL blocking alone,
administration of OM alone, and a combined intervention with both in patients with RP. We present this study so that it may be
replicated and incorporated into future studies at other institutions, as well as applied to additional inherited retinal dystrophies.
The goal of presenting this protocol isto aid recent efforts in reducing the impact of seeping disorders and other psychological
disorders on the quality of life in patients with RP and recovering their self-autonomy. In addition, the results of this study will
represent a significant step toward developing a novel low-cost therapy for patients with RP and validating a novel therapeutic

target.
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(JMIR Res Protoc 2023;12:€49196) doi: 10.2196/49196
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Introduction

Background and Rationale

Retinitis pigmentosa (RP) isthe most frequent form of inherited
retinal dystrophy (IRD) and the main cause of hereditary
blindness, with more than 1.5 million patients affected
worldwide and aprevalence of 1:4000 people[1]. Thetermwas
coined by Donders in 1857 [2] and compounds a group of
heterogeneous diseases characterized by a progressive
degeneration of photoreceptors, starting with rods and eventually
affecting cones as well. Thisis the mechanism responsible for
the progressive loss of vision function [3].

RP can have bilateral or, lessfrequently, unilateral involvement
and can occur isolated or as part of a syndrome [1,4,5]. It is
caused by more than 3000 mutationsin over 70 genes, creating
awide heterogeneity among patients with RP [6].

RP affects mainly the outer retina, but in the final stages of the
disease, atrophy and damage ultimately affect the inner retina,
including retinal ganglion cells[7]. Intrinsically photosensitive
retina ganglion cells (ipGCs) congtitute a special type of
photoreceptors within the retina that contain the melanopsin
photopigment [8,9]. Although they represent less than 10% of
the total ganglion cells, they play a key role in regulating the
pupillary reflex, circadian photoentrainment, mood, and diverse
cognitive functions [9-16]. Alterations in circadian rhythms,
partialy dependent on ipGC integrity, have been previously
reported in different ocular diseases and blindness [17-22].
These patients usually do not properly receive light signalsthat
ordinarily synchronize their internal circadian clock to the
24-hour day, causing sleep-wake cycle abnormalities and
recurring blocks of days with severe insomnia and excessive
daytime deepiness[21]. Thiscircadian clock impairment could
ultimately affect the quality of life due to sleep disorders and
could also involve cardiovascular problems or emotional
disorders or trigger or accelerate the pathology progression in
neurodegenerative diseases [7,23,24].

The few therapeutic options for patients with RP currently
availablein daily clinical practicejust retard disease progression
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and are limited. There is no therapy nowadays that restores
vision, so the prognosis is poor [3]. Because of the chronic
nature of this disease and its disabling progression, there has
been great interest in the devel opment of new strategiesto help
patients cope with the social and psychological impacts of
blindness.

Among nonpharmacological strategies aimed at slowing down
the degenerating process are those that are based on light
protection. Some pieces of evidence indicate that some
hereditary pigmentary retinopathies are partly light dependent
[25,26]. Violet (400-440 nm) and blue (440-500 nm) light
constitute the lower wavelength of the visible spectrum, which
carries the highest amount of energy per photon [27]. The
possible role of short-wavelength light (SWL) in the
photochemical damage to retinal tissue and retinal pigment
epithelium (RPE) cells has been studied, with high-energy SWL
(415-455 nm) being the most harmful to the eye (the second
type of phototoxicity or blue-light hazard) [28-30]. Blue-violet
light could cause oxygen-dependent retinal injury, acting on
specific chromophores, and
N-retinylidene-N-retinylethanolamine (AZ2E) is considered the
most important target mol ecule. Reactive oxygen species (ROS)
initiate the activity of cysteine-dependent proteases, ultimately
leading to apoptosis and cell death [28,31-34]. Mitochondria
from photoreceptors, retinal ganglion cells, and RPE cells are
the main targets of blue light—associated oxygen free radicals
[35-37]. Moreover, photophobia, acommon unpleasant symptom
in patients with RP, has been described to be caused primarily
by SWL initsinteraction with S-cones from the retina[38]. In
addition, in experimental RP models, limiting SWL exposure
by the application of optical filters has been demonstrated to
slow retinal degeneration [39].

However, some studies have shown that longer blue wavelengths
of the visible spectrum (465-495 nm) are essential for the
circadian rhythm, pupillary reaction, color discrimination, and
night vision [7,23,24,40-43]. Numerous studies have
demonstrated their close association to circadian rhythm
regulation, alertness, memory, and cognition [44,45]. Therefore,
blue-light exposure could regulate the secretion of melatonin
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inthe pineal gland through the retinal—suprachiasmatic nucleus
(SCN)—pineal axis, modulating cortisol expression through the
hypothal ami c—pituitary—adrenal (HPA) axis or the autonomous
nervous system [7,23,24,44]. These responses are driven
primarily by intrinsically photosensitive retinal ganglion cells
(ipGCs), which are more sensitive to 480 nm SWL and remain
functional inlate stages of the disease[7]. In contrast, melatonin
suppression has apesak sengitivity of roughly 460 nm in humans,
the same spectrum that has been shown to reset the circadian
pacemaker and directly enhance alertness [46].

In consequence, evening SWL exposurein daily life may affect
sleep, hormone release, and the circadian rhythm in patients
with RP. Infact, it has been reported that wearing SWL-blocking
glasses that virtually eliminate SWL is effective in improving
deep, the circadian rhythm, and mood. Three randomized
controlled trials (RCTs) have demonstrated that SWL -blocking
glasses bring about significant improvement in sleep quality in
participants with insomnia[42,43,47].

Among pharmacological interventions, the trophic and
antioxidant effects of vitamins or nutritional supplements have
been evaluated in patients with RP to demonstrate a protective
action on cone death [48-50]. Accumulating evidenceindicates
that melatonin therapy isapromising approach in the treatment
of various ocular degenerative disorders (eg, age-rel ated macular
degeneration, diabetic retinopathy, and RP) since it can exert a
protective effect against damage to RPE cells evoked by ROS,
but it has aso been reported to increase ROS-induced damage
to photoreceptors and RPE cells [51-55].

Melatonin is an endogenous hormone that has been implicated
in a variety of biological processes, including antioxidant,
anti-inflammatory, and neuroprotective activities [56,57].
Melatonin is released from the pinea gland in a circadian
fashion, which is controlled by the SCN. However, many other
tissues and organs a so synthesize melatonin. In thereting, itis
mainly synthesized by photoreceptors and is involved in the
modulation of neurond activities. Its circadian production results
in ahigh concentration at night and alow level during the day,
although its amount is small compared to its pineal counterpart
[7,51,58].

Oxidative damage has been proposed to be an important
contributor to cone death in RP, and antioxidants may prevent
cone damage in RP by reacting with free radicals produced
during light absorption [59]. Melatonin behaves like synthetic
mitochondria-targeted antioxidants, which are concentrated in
the mitochondria at relatively high levels [51,58]. It exerts its
antioxidant actionsin the eye viaseveral mechanisms, including
direct ROS scavenging, stimulating antioxidant enzymes,
improving the functioning of the mitochondrial electron
transport chain (ETC), reducing the extent of electron leakage
from the mitochondrial complexes, and improving the efficacy
of other antioxidants. As mentioned before, mitochondriafrom
photoreceptors, retinal ganglion cells, and RPE cells are the
main targets of ROS produced by the ETC, and thus, melatonin
may prevent mitochondria damage in patients with RP
[7,51,58,60,61].

However, it has also been demonstrated that daily administration
of appropriately timed melatonin can synchronizethe circadian
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clock [62-66] in patients with sleep disorders; its use is even
recommended by the Standards of Practice Committee of the
American Academy of Sleep Medicine[67]. The phase-shifting
effects of melatonin are essentially opposite to those of light.
It can phase-shift the endogenous circadian clock and, in the
absence of light, entrain the deep-wake and neuroendocrine
rhythms (cortisol) [61]. Therefore, itislikely that OM may also
be effective in sleep and circadian rhythm management in
patients with RP. However, to the best of our knowledge, no
previous RCT has investigated the potential additive benefits
of adjunctive SWL-blocking glasses plus OM in improving
sleep, perceived stress, and the circadian rhythm in patients
with RP.

The aim of this study isto assess the efficacy of OM combined
with SWL-blocking filters in patients with RP who have sleep
disorders and stress compared to any intervention aone or no
intervention. We hypothesized that both interventions would
improvetheir deep quality, reducetheir perceived stresslevels,
and shift their circadian rhythm to morningness.

Need for a Trial (Innovation Aspect)

RPisthe commonest of inherited retinal disorders, with agreat
economic impact and poor associated quality of life [68]. In
addition, thereisalack of standard treatment with agood level
of efficacy data, which brings afruitful opportunity to add new
knowledge and pursue evidence-based interventions.

The innovation in this study is based on a noninvasive
approach—SWL-blocking filters combined with OM. This
treatment protocol might represent a better option for patients
with RP, especialy those with moderate or severe RP, who
present with greater functional disability, glare symptoms, and
variationsin cortisol, salivary a-amylase (SAA), and melatonin
levels.

Although a few trials have assessed the efficacy of different
vitamins and melatonin in visual and sleep pattern anomalies
in patients diagnosed with RP, none of them used a similar
combined therapy and even fewer focused on variations in
cortisol, SAA, and melatonin levels or determined the impact
of these interventions on psychological factors. Thisstudy aims
tofill thisgap intheliterature by enhancing thelevel of evidence
with a double-blind RCT that evaluates the benefits that OM
combined with SWL-blocking filters may bring to patientswith
moderate or severe RP.

Significance/l mpact of the Study

RPisaccompanied by significant disability, greater dependency,
and adecreasein the health-related quality of life, with increased
rates of admission to institutional facilities [68-70]. It is also
considered a public health issue and a primary cause of
headaches, sleep disturbances, and increased rates of depression
[71]. Patientswith RP also face difficultiesin performing daily
activities and increased risk of cardiovascular, metabolic, and
psychiatric disorders [68-70]. Productivity losses for patients
with visual impairment are likely to be amplified in patients
with RP because of the early age at onset, vision challenges at
school, and loss of visua function without some type of
rehabilitation during prime working years [68-70].
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Theannual cost of adult vision problemsfor the National Health
Service (NHS) isaround US $51.4 billion. Among adults with
retinal diseases, the annual total health care costswere estimated
to be US $7317 higher per patient with RP, increasing the
community costs by around 2.5 times because of the humber
of years of blindness experienced [72].

SWL-blocking filters and OM have been playing an important
role in the treatment of several kinds of retinal conditions and
sleep disabilities [42,43,47,60,61,73]. Unlike other expensive
treatments for dSleep disorders, anxiety, and depression,
SWL-blocking filters or OM may provide effective control of
the human circadian clock through changes in the HPA axis or
the retind—-SCN—pineal axis, which could be positively
correlated with improvement in the quality of life and visual
function disability.

Some studies suggest a multidisciplinary treatment program
that includes specialists from different areas of expertise [74].
This program provides a combination of drug treatment and
SWL-blocking filters with an adequate assessment of the grade
of severity (viaclinical assessment) and biochemical stress (by
analyzing biomarkers) and determines the impact of
psychological factors on patientswith RP. It could be considered
a good alternative for patients with moderate and severe RP
who have not benefited from expensive therapies (eg, bionic
eye or genetic therapy) individually. Therefore, in this study,
we suggest mimicking a multidisciplinary treatment by
combining treatments and analyzing the impact of biochemical
and psychological factors on anxiety and sleep disahility.

Choice of Comparators

To date, therapeutic approachesfor RP arerestricted to slowing
down the degenerative process; treating ocular complications,
such as cataracts and macular edema; and hel ping patients cope
with the socia and psychological impacts of blindness. In
addition, the evidence from RCTson thevisual protective effects
of vitamins and nutritional supplementations in patients with
RP is limited and in some cases contradictory. Moreover, as
mentioned before, few studies on the effects of blocking SWL
on visual discrimination capacity in patientswith RP have been
reported. In addition, in clinical practice, there is insufficient
experience to recommend the use of optical absorbing filters,
since their potential effects on regulating the human internal
circadian (24-hour) clock in patients with RP are yet unknown.

For this reason, the intervention groups will consist of SWL
blocking alone (SWL group), OM therapy alone (OM group),
and SWL blocking plus OM therapy (SWL+OM group) in order
to determine whether there is any summative effect. No
intervention has been chosen for comparison to avoid
performance bias and other biases related to loss of blinding in
the trial. Therefore, as several treatments have been proposed
to slow down the degenerative process and the current evidence
from their resultsis still limited, no intervention as the control
group isjustified for this study.
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Methods

Overview

This parallel-group RCT will be performed at a single
institution, which isatertiary referral hospital with an affiliated
research ingtitute (Institute of Applied Ophthal mobiology
[IOBA], University of Valadolid). The retinal units in both
institutions are highly specialized to manage inherited retinal
dystrophies and other related retinal eye diseases. Additionally,
the IOBA hasaclinica trial unit that could help with the local
ethical requirementsfor running aclinical trial and any oversight
or external auditing of datathat is needed.

Therewill be 4 parallel groups of patients. Recruitment will be
facilitated by a local foundation for patients with retinitis
pigmentosacalled the Retina Castillay Ledn (ReCY L) and will
betightly supervised by an ophthalmologist with speciaization
in retinal degenerations. Figure 1 provides a summary of the
clinical pathways.

A draft intervention protocol will be devel oped for each group,
covering preintervention, intervention, postintervention, and
discharge settings based on the literature. A steering committee
comprising ophthalmologists, opticians, nurses, psychologists,
and the research team will be created to devel op these protocols.
Additionally, 2 ophthalmology residents will be included.
Finaly, 1 patient with RP, who is the current president of the
Federation of Inherited Retinal Dystrophies’ Associations, will
be included in the steering committee. The steering committee
members are experts in their respective fields and have used
the existing literature (summarized in the Background and
Rationale section) to inform the inclusion of the different
interventions in the protocols. The draft intervention protocols
are presented in Table 1. Although the choice of each
intervention in these protocolswill beinformed by theliterature
[7,28,30,36,51,57,67,75-82] and expert consensus of the steering
committee, the study will assess the efficacy of combined
interventions in sleep disorders and stress control in a large
group of patients with RP. Before the intervention period, all
patients will be asked to complete sleep diaries for 2 weeks. In
addition, patients in the intervention groups (SWL, OM,
SWL+0OM) must complete them during the intervention period
(30 days). Patients from the SWL and SWL+OM groups will
wear SWL-restricting goggles in bright-light conditions and
when using light-emitting diode (LED) electronic devices for
the 30 days of intervention. Patients from the OM and SWL+OM
groups will take 3 pills of Circadin 2 mg (OM) every evening
at 10:00 PM. with amargin of 30 minutes before and after.

A preintervention time of 1.5 years will be necessary for
recruitment, informed consent, eligibility screening, and baseline
data collection. Next, patients will be randomized to 4 groups
inal:1 ratio. The treatment groups will include SWL with or
without the use of OM. The control group will include patients
who are eligible for the study but not willing to be randomized
to an intervention sleep and stress management pathway. When
the intervention phase (4 weeks) is over, al patients will be
followed up for 6 months via standard monitoring. Figure 2
provides a summary of the RCT timeline.
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Figure 1. Flow diagram illustrating the study protocol. At the alocation to interventions, the number of patients who receive the intervention will be
registered, aswell as those who do not receiveit (together with the reason it was not applied) and those who get lost in the follow-up or discontinue the
intervention. In addition, unbearable side effects and SUSARs would be appropriately notified and registered. e: patients excluded; r: randomized
patients; RP: retinitis pigmentosa; SUSAR: suspected unexpected serious adverse reaction; SWL: short-wavelength light; VA: visual acuity.

Analyzed for eligibility

(Sample size; n)

Patients excluded (e)
1. Patients who do not meet the inclusion criteria:

- Age 18-65 years

-Diagnosis of moderate or severe RP

- Patients with enough VA to tolerate and
see through the optic filters during their daily activities

- Accepted the written informed consent
2. Patients refusing to participate
3. Any other reasan

\ 4

4

Randomized patients (r;r=n-e}
Using an online SAS Proc Plan Permuted-Block Randomization with variable block sizes
and assignments in sequentially numbered codes.

I
v v v v

Allocated to intervention Allocated to intervention Allocated to intervention Allocated to intervention
Blocking SWL Oral melatonin Blocking SWL + Oral melatonin No intervention (control)

|
Analyzed

Patients who finish the intervention but do not have any reason to
be excluded from the analysis.

Table 1. Protocols of the intervention.

Group Preintervention period (2 weeks) Intervention period (30 days)
SWL® optical SWL filters Sleep diary Sleep diary, goggles

omP Sleep diary Sleep diary, OM

SWL+OM: optical SWL filtersand OM Sleep diary Sleep diary, goggles, OM
Control: no intervention Sleep diary None

3SWL: short-wavelength light.
bOM: oral melatonin.

Figure2. RCT timeline. RCT: randomized controlled trial.

Trial duration
(2 years)

Intervention
group 1

Intervention
group 2

Informed Screening for Baseline

Recruitment o Follow-up
consent eligibility assessment .
Intervention
group 3
Intervention
group 4

Recruitment Intervention Assessments (weekly
(1.5 years) (4 weeks) after randomization)
https://www.researchprotocol s.org/2023/1/e49196 JMIR Res Protoc 2023 | vol. 12 | e49196 | p. 5

(page number not for citation purposes)

XSL-FO

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

Study Population

The study population will comprise patients aged 18-65 years
with ahistory of moderate or severe RP with agrading severity
scale score of >1 point according to Iftikhar et al’s[83] scoring
criteria. Eligible patientswho provide written informed consent
will be randomized to 1 of the 4 study groups. Outcomes will
be assessed at multiple time points. at baseline in the
preintervention period; then at 1, 2, 3, and 4 weeks of the
intervention period; and then at 6 months postintervention.

Patient Selection, Recruitment, Randomization, and
Blinding

Eligibility

Eligibility will be determined based on the inclusion and
exclusion criterialisted in Table 2. Eligible participants will be

Table 2. Inclusion and exclusion criteria at screening.

Pastor-ldoate et al

identified after initial evaluation by a staff ophthalmologist,
determined to satisfy 1 of the qualifying procedures, and
approached for informed consent by the ophthalmologist and
research staff. At thistime, patients will watch an introductory
video explaining the purpose of theclinical trial. The physician
alsowill lead an in-depth preintervention discussion explaining
each approach to stress and sleep disability (SWL and OM vs
control) and postintervention expectations. If patients decline
to participate in the RCT, they will be presented with the option
of enrolling in the control group (no intervention). There will
be no restrictions on patient care due to enrollment in the study.

Inclusion criteria

Exclusion criteria

*  Age18-65years, from ReCYL?

*  Diagnosisof moderate or severe RPP (grading severity scale score>1
point)

«  Visual function enough to tolerate and see through the optic filters
during daily activities

«  Written informed consent provided

Underwent any ocular surgery within the previous 6 months
Involvement in any other ongoing clinical tria

Pregnancy and lactation or under hormonal treatment
Allergy or hypersensitivity to melatonin

Previous or current therapy with melatonin

Autoimmune diseases

NSAIDC and others anti-inflanmatory drug treatment
o Psychiatric disorders or under any psychotropic medication

8ReCYL: Retina Castillay Leon.
PRP: retinitis pigmentosa.
°N'SAID: nonsteroidal anti-inflammatory drug.

Recruitment

Screening Visit

Patients will undergo an initial screening visit that includes a
semistructured interview, aseries of questionnaires, acomplete
ophthalmic examination, and laboratory assessment. Eligible

patients will be provided with a verbal description of the trial
and presented with a comprehensible informed consent form.

Semistructured Interview

All patients will undergo a semistructured interview to collect
medical (signs and symptoms, personal and family records,
coexisting pathology, previous or current medication, etc),
demographic (age, gender, ethnicity, etc), socioeconomic
(relationship status, educational attainment, employment status,
etc), and lifestyle (physical exercise, consumption of drugs, use
of hair dyes, BMI, etc) data.

Ophthalmic Examination

All patients will undergo a complete ophthalmological
examination, which will include the best-corrected visual acuity
(BCVA) with the Early Treatment of Diabetic Retinopathy
Study (ETDRS) |etter score, adit lamp examination, intraocul ar
pressure measurement, fundoscopy, contrast sensitivity with a
CSV-1000 chart (Vectorvision), and a glare test with the
MonPack 3 device (Metrovision).

https://www.researchprotocol s.org/2023/1/e49196

Ancillary Tests

Visua field impairment (VFI) will be assessed using a
Humphrey 750i visual field analyzer (Carl Zeiss) and the central
30-2 SITA fast strategy protocol. Only teststhat met thecriteria
(low [<20%)], false positive, false negative, and fixation loss
parameters) were evaluated [84].

Optical coherence tomography (OCT) images, assessing the
central retinal thickness (CRT), macular ganglion cell-inner
plexiform layer (GCIPL) thickness, and retinal nervefiber layer
(RNFL), will be performed using Cirrus HD-OCT 5000 with
AngioPlex OCT-A (Carl ZeissMeditec V.10.0) and cube scans.
Only images with a signa strength of >6 with no movement
artifact will be included in the study.

Two consecutive optical coherence tomography angiography
(OCTA) images will be obtained by a single skilled examiner.

A foveal centered scan areaof a3x3 mm? pattern will be used,
and al scans will be analyzed using en face OCTA images
generated automatically with the optical coherencetomography
microangiography (OMAG) agorithm in Angioplex software
(ZEISS). Thefoved avascular zone (FAZ) areawill be manually
outlined and expressed as square millimeters.

The vascular density (VD) will be measured automatically by
the software, which will quantify the VD of alocal region of
tissue according to the ETDRS subfields. We will analyze the
VD of each ETDRS sector, the inner ring, and the full areain
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3x3mm? rings and exclude OCTA imageswith asignal strength
of <7[12].

The axial length will be calculated using an |IOLMaster 500
optical biometer (Carl Zeiss Meditec) to be used asacorrecting
variable in the analysis, if necessary.

Questionnaires and Diaries

The State-Trait Anxiety Inventory (STAI), the Epworth
Sleepiness Scale (ESS), the Pittsburgh Sleep Quality Index
(PSQI) questionnaires and a sleep diary will be used to ask
patients about their level of sleep quality, perceived stress, and
anxiety.

Sleep Diary

During the 2-week period before trial commencement and the
4-week period of the intervention, patients will fill a daily
self-recorded sleep diary at home. The sleep diary will record

parameters such as bedtime, wake time, sleep onset, and sleep
offset time.

State-Trait Anxiety | nventory

STAI is designed to assess the degree of state and trait anxiety
in research participants (in this study, patients with moderate
and severe RP) and takes about 10 minutesto complete. It isa
reliable, valid, and responsive questionnaire consisting of 20
itemsfor assessing state anxiety and 20 for trait anxiety. Higher
scores (maximum score of 40) are positively correlated with
higher levels of anxiety [85]. To evaluate the magnitude of any
treatment effect, the minimum clinically important difference
(MCID) will be regarded as a30% reduction from baseline [86].
This magnitude represents a “small” effect in the behavioral
sciences.

Epworth Sleepiness Scale and Pittsburgh Sleep Quality
Index

The ESS and the PSQI are both sleep quality questionnaires.
The ESS is widely used in the field of sleep medicine as a
subjective measure of a patient’s sleepiness. The overall score
ranges from O to 24. The scale estimates whether the patient is
experiencing excessive sleepinessthat possibly requires medical
attention [87]. The PSQI is a self-reporting questionnaire that
assesses sleep quality over a 1-month time interval. The global
PSQI score is calculated by adding the 7 component scores,
providing an overall score ranging from O to 21, where lower
scores denote a healthier sleep quality [88].

As determination of the MCID in the deep quality
guestionnaires remains controversial, with no consensus on
methodol ogy, wewill estimate the minimum clinically important
improvement in the ESS and PSQI to lie between -2 and -3
for thistrial [88-92].

L aboratory Assessment

All patients will undergo a salivary and hair draw to confirm
eligibility. Sample collection will be carried out between 9:00
A.M. and noon to minimize potential errors associated with
diurnal variations in neuroendocrine parameters. Samples will
be collected in the same room, and temperature and humidity
will berecorded. After collection, sampleswill befrozen at —20
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°C until analysis. When analyzing results, in female subjects,
menstrual cycle phases will be considered.

Salivary a-Amylase, Cortisol, and Melatonin levels

Salivary sampleswill be collected by patients using the passive
secretion drooling method. Two samples of saliva from each
patient will be collected in 24 hours. At least 1 mL is required
for analysis. The putative salivary indicators will be assayed
with enzyme-linked immunosorbent assay (ELISA): cortisol
(DRG Sdlivary Cortisol ELISA, DRG Instruments GmbH) and
melatonin (DRG Instruments GmbH). Salivary a-amylase (SAA)
will be determined with an a-amylase kit (Salimetrics) [93].

Cortisol Levelsin Hair Samples

Three single 3-cm-long locks of hair will be collected from each
patient to measure hair cortisol levels in a 3-month period
(assuming an average growth rate of 1 cm per month). After
collection, each hair sample will be wrapped in aluminum foil
to protect it from light and humidity until analysis. The cortisol
level in each sample will be measured using the Cortisol Hair
ELISA kit (Alpco Diagnostics) with phosphate-buffered saline
(PBS) at pH 8.0.

Randomization

All patients who provide written informed consent for
participation and meet the eligibility criteriawill be randomized
and assigned using the online SAS Proc Plan permuted-block
randomization with variable block sizes and assignments in
sequentially numbered codes provided by the central
randomization service on its website [94]. The randomization
code will not be released until the patient has been recruited
into thetrial after baseline measurements have been compl eted.

An administrative assistant not otherwise involved in the study
will provide the next treatment code in the sequence and will
record the assignment in a confidential log.

Blinding

In our double-blinded trial, the principal investigator and
statistician will be blinded to treatment allocation. Staff
responsible for recruitment and grading severity will not be
allowed to receive information about the group all ocation. Raters
will not be present during the lab analysis. Randomization will
be conducted by the central randomization service to keep the
principal investigator and statistician blind to the data
management and study condition.

Inthe event of a SUSAR (suspected unexpected serious adverse
reaction), if requested by the Data Safety M onitoring Committee
(DSMC), or if a medical emergency occurs where knowledge
of the blinded treatment is necessary, unblinding will be
performed independently of the group allocation. Thereporting
of all SUSARSs needs to be expedited.

Intervention

All patientswill be provided with aleaflet with clear instructions
at the baseline visit, and they will be asked to follow the
guidelines throughout the 4-week follow-up period.
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Optical Filtersfor Blocking SWL

Patientswill be provided with SWL -restricting gogglesto wear
during the daytime, in indoor bright-light conditions, and when
using LED electronic devicesin order to prevent the suppression
of melatonin for at least 30 days. Optical filters will allow
selective exclusion of lessthan 480-nm-wide wavel engths, while
maintaining relatively good contrast sensitivity and a visual
light transmittance of 70%-75% [95].

Oral Melatonin (6 mg)

Patients will be asked to intake a 6 mg melatonin dose orally
onceaday for 30 daysin theevening (22:00 PM. with amargin
of 30 minutes before and after) to activate its sleep-promoting
effects approximately 2 hours after intake, avoiding fatigue and
sleepiness during the daytime [96-99].

Although the chosen dose is safe to obtain the desired effect,
patients will be prompted to report any possible side effects, if
present, during the intervention period [79,81,82,100]. If they
experience unbearable side effects, they will haveto discontinue
the OM intervention. If they wish, they can participate in the
SWL-blocking intervention and will be evaluated over the
4-week follow-up period.

SWL Blocking + Oral Melatonin (6 mg)

Participants in this combination arm will receive both
interventions—filter goggles and OM—at the same time under
the same conditions as the SWL and OM groups and for the
same 30-day period.

No I ntervention

The purpose of this arm is to serve as the procedura control,
so patients in this group will be asked to fill their sleep diaries
a home only for the first 2-week period after trial
commencement. They will be chosen as comparator to avoid
performance bias and other biases related to loss of binding in
thetrial.

Adherence

Adherence monitoring will be performed to find new strategies
to avoid attrition during the study and to look for unexpected
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problemsthat may prevent patientsfrom attending the ons.
Patientswill receive weekly phone callsto confirm appointments
and obtain educational instructions about the study protocols
to reassure them of the importance of adherence. Upon
discharge, patientswill be provided with instructionsto contact
their physician for unacceptable levels of deep disability or
perceived stress to receive an outpatient prescription of
antianxiety medications and lifestyle techniques. Additionally,
if a patient deviates from the intervention protocol assigned to
them, they will not be considered a study failure. Instead, we
will continue to follow the patient through study completion
and continue to track patient-reported outcomes.

Data Collection and Outcome M easures

Baseline Assessments and Frequency of Follow-Up
Assessments

A full list of assessments obtained at each time point is
summarized in Table 3.

We will obtain baseline assessments during each patient’s
screening visit. These measures will include, but will be not
limited to, demographics, comorbidities, subjective deep quality
and perceived stressrating, ophthalmic and laboratory outcomes,
and patient-reported outcomes specific to the planned
intervention.

Initial follow-up assessments will be obtained at 1, 2, 3, and 4
weeks after the start of the intervention. Patients will also be
asked to return for postintervention follow-up visits 6 months
after the intervention. These visits will be scheduled at the
beginning of the study. Patients unable to attend any in-person
visit will be asked to at least provide al subjective
patient-reported outcomes over the phone or via an electronic
survey for that visit in order to facilitate retention and optimal
follow-up.

Sleep quality level, laboratory outcomes, ophthalmic clinical
outcomes, questionnaire patient-reported outcomes, and potential
complications will be gathered during these visits.
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Table 3. Assessments and follow-up.
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Clinical and laboratory event ~ V_1% (-4 weeks) Vg (0 weeks)

V1 (Lweeks)

Vo (2weeks) V3 (3weeks) Vy(4weeks) Vg (6months)

Screening P _c —
Clinica —
Physical examination —
Salivary sample collection —

Hair sample collection —

O oo o o
O

stald questionnaire _

ESS® and PSQI questionnaires  — 0 —

Inclusion criteria O — —

O
O
0o o oo
|

8y visit; V_y, screening visit, when inclusion and exclusion criteria will be checked; Vo, visit to assess baseline characteristics; V-V, visits during
the intervention period (every week); and Vg, final visit after 6-month follow-up.

b: gpplicable.

®Not applicable.

dSTAI: State-Trait Anxiety Inventory.
®ESS: Epworth Sleepiness Scale.
fPSQI: Pittsburgh Sleep Quality Index.

Primary Outcome Measures

The primary outcomes are the differences in changes from
baseline to postintervention in hormone release (SAA, cortisal,
and melatonin levels in salivary and hair samples) and sleep
quality, as measured by the ESS and the PSQI.

Intra-Assay Variations

To evaluate the reproducibility of each salivary and hair
biomarker, the within-subject standard deviation (Sw) will be
calculated by obtaining the square root of the sum of the
within-subject variance and the error variance estimated in a
linear random-effects model. The mean intra-assay coefficients
(ICCs) will be determined for each biomarker and interpreted
as follows: 0 (SD 0.2), poor agreement; 0.3 (SD 0.4), fair
agreement; 0.5 (SD 0.6), moderate agreement; 0.7 (SD 0.8),
strong agreement; and >0.8, almost perfect agreement.

Secondary Outcome Measures

Secondary outcome measures include any clinical macular
changes or retinal function measured with the ETDRS scale,
CSV-1000 chart, and ancillary tests, such asthe VFI, OCT, and
OCTA. In addition, several patient-reported variables, such as
self-recorded sleep diaries, perceived stress, and functional
status will be recorded.

Covariates and Confounders

Several variables will be measured as potential covariates,
including preintervention sleep quality scores, concomitant
procedures, medical comorbidities, alcohol use, antianxiety
medications or other nonprescribed medications used to help
withinsomniaand anxiety relief, tobacco use, and nonsteroidal
anti-inflammatory drug (NSAID) and others anti-inflammatory
drug treatment. In addition, basic demographic information will
be obtained.

https://www.researchprotocol s.org/2023/1/e49196

Ethical Consider ations

The protocol was reviewed by the local Institutional Review
Board of the East Health Area of Valladolid (CASVE 21-520)
and will be registered with Clinical Trials when a start date is
decided.

Informed consent will be obtained from each patient in the
preintervention period, which must be signed, thumb-imprinted,
or recorded by the patient and collected by a coached research
assistant, when necessary.

Privacy and confidentiality will be guaranteed for each patient,
and the study will be conducted in accordance with the
principles of the Declaration of Helsinki.

Data Management, Analysis, and Additional
Information

Data Management

In the clinical tria, data handling will be managed by a
third-party agency. Theinvestigators, patients, and clinical staff
rating or applying therapieswill not have accessto information
until the data anaysis is completed by predetermined
statisticians. They will also not be aware of the alocation of
patientsin the trial. Data entry into the virtual system will also
be managed by the third-party agency.

Patients' information will be encrypted in a virtual database,
secured, and password-protected. Only the data monitoring
committee (DCM) will have access during thetrial. Datacoding
will begin at randomization; SASwill generate an a phanumeric
code for each block. An ID number will be assigned to each
patient. If amajor adverse effect occurs, it will be identified by
the ID number.

The software will record any changes made by any person
involved in the functioning of the program. The user ID will
identify people who make any changes to the system, and this
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information will be used for the purpose of auditing the trial.
During aregulatory audit, the auditors can verify any changes
that occur in the system and data. All data will be regularly
backed up to a password-secured database.

Data Monitoring

The DCM will comprise a data manager, a database
programmer/designer, a medical coder, a clinicad data
coordinator, a quality control associate, and a data entry
associate. A member of the DCM can have 1 or more duties.
The DCM will be established according to the Spanish Agency
of Medicines and Medical Devices (AEMPS) rules. According
to Royal Decree 1090/2015, of December 4, the AEMPS isthe
regulatory authority responsible for clinical trial oversight,
approval, and inspectionsin Spain and is attached to the Ministry
of Health. The Ingtitutional Ethics Committee will review and
approve the clinical trial applications prior to the AEMPS
initiating its review and approval process.

Datamonitoring will take placein apre-established room, with
easy access to data, inside the ingtitution but not in the same
room where the trial is performed.

Interim Analysis

The clinical trial will have 4 major evaluation time points of
interventions, that is, every week after V, and 4 weeks and 6
months postintervention. In each visit for application of the
intervention, the patient’s personal diary will be reviewed by
theclinical staff. They havetheresponsibility to notify the DMC
about eventual minor or major adverse effects.

Adverse events will be recorded from the start of stimulation
through the end of the study. All adverse events regardless of
attribution to OM and any unexpected adverse event due to the
optical filters will be recorded using standard adverse event
forms. Adverse events will be measured in severa aress:
seriousness, severity, length of duration, and any causal
relationship, if any, with theintervention. Serious adverse events
will be defined as those that are life threatening/disabling,
require hospitalization, or result in death.

Patients who develop any adverse effect will be followed up.
The DCM will have unblinded access to al patient data and
will discuss the adverse events at a meseting. The decision of
allowing a patient to withdraw from the study will be made by
amajority consent of 50% or more.

Statistical Analysis

Sample Size Calculation

A sample size estimation of 48 patients (n=12, 25%, per group)
was calculated for atarget power of 80% and considering an a
(probability of rejecting a true null hypothesis) of 5% and an
actual power of 80.02%. Cohen d was 1.2 [101]. Due to the
possible overestimation of the effect size in pilot studies, an
effect size of 0.6 (medium-high) was chosen for this study. We
calculated a total sample size of 60 participants (a total of 15,
25%, patients per group), adding approximately 20% (3 more
patients per group than before) to manage possible dropouts
[102-105].
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Statistics

A linear mixed effect regression model will be applied to
compare intervention arms against the control at baseline and
stimulated measuresfor the HPA axis or the retinal-SCN—pineal
axis comprising cortisol, melatonin, and sAA [106]. Baseline
characteristics of patients from each group will be compared
applying independent t tests, 2-way repeated-measuresANOVA,
and the Fisher exact test. To grade the RP severity (by
quantifying clinical features, the ETDRS score, and visual field
deviation) and the primary outcomes, we will consider both to
be continuous variables and apply a multiple linear regression
model. For secondary outcomes, normally distributed variables
will be statistically assessed via parametric tests, such asthe t
test or ANOVA, while nonnormal distributed variables will be
assessed with nonparametric tests, such as the chi-square test
or the Fisher exact test and the Mann—Whitney U test. A
chi-square or Fisher test will be performed to compare STAI,
PSQI, and ESS scores among groups.

Statistical associations between covariates and outcomes will
be evaluated using the appropriate statistica methodology, as
previously described. Multivariable linear regression models
will be appropriately fitted to continuous data based on the
distributions of those data. Multiple logistic regression models
will befitted for all dichotomous outcome variables. Appropriate
variable selection methods and model fit statistics will be used
to determine the best-fitting model to determine the effects of
treatment after adjusting for significant effects of covariates.

Finally, any protocol amendment will be first submitted to the
Ingtitutional Review Board for approval. If the amendment
changes anything about what is reported

on Clinical Trials, then the study’sregistration on Clinical Trials
will be updated accordingly.

M odification/Discontinuation

If patients experience unbearable side effects related to
melatonin, they must leave their intervention group. If they
wish, they can continue participating in the study as part of the
SWL group being evaluated over the 4-week follow-up period.
To reflect these changes at the end of the study, an
intention-to-treat analysis will be conducted.

Missing Data

Dropouts and missing facts are known as missing data. A
dropout rate of 5%-10% is expected based on recent OM clinical
trials[99,107]. Anintention-to-treat analysis, regardless of the
treatment administered, will be carried out for every primary
and secondary endpoint. A preprotocol analysis will also be
conducted with those who complete the trial, since secondary
outcomes could be more affected by uncensored withdrawals.
Both analyses must be favorable for the intervention to be
considered better than standard. To deal with missing data,
imputation techniques will be applied.

Dissemination
Once the study enters the data reporting phase, the data sets
used and analyzed during the study will be available from the

corresponding author upon reasonable request. The protocol
and results will be released on the Clinical Trials website, as
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required upon study completion. Final study results will be
published in apeer-reviewed, PubMed-indexed journal to reach
health care professionals. The authors will also seek to present
the study findings at relevant ophthalmic subspecialty society
meetings. The Federacion de Asociaciones de Retinosis
Pigmentosa de Espafia (FARPE) website will describe this
project. Final findings and results will be published on this
website for the general public, aswell as disseminated through
the FARPE social networking channels.

Results

This work is a clinical trial protocol that has not yet been
launched. The bibliographic research for information for its
justification began in 2020, and thisworking group is currently
seeking start-up funding. As soon as we have the necessary
means, we will proceed with the registration and organization
prior to the preliminary phase.

Discussion

Summary of Findings

The aim of the implementation of thisclinical trial isto find an
innovative strategy that allows a holistic approach for patients
with RP, focusing on slowing down the progression of the
disease, if possible, and improving their quality of life,
especially their mood problems as well as their sleep-wake
rhythm disorders.

The use of optical filters blocking SWL in the daylight was
chosen as an intervention because of its nature as anoninvasive
strategy as well as its protective potential against retina
neurodegeneration and melatonin suppression, both of which
arerelevant in these patients.

One of the main known sources of bluelight is sunlight, but the
widespread use of high-brightnesslightswith LED technology
had made an increasing contribution in the past decade. A
significant part of the LED emission spectrum peaks at 450 nm,
within the wavelength range of blue light. Thus, with the
increasing popularity of blue-rich LED-blacklight display
devices, such as smartphones and tablets, computer screens,
and other commonly used devices, our eyes are exposed to more
blue light than they were in the past [28,36,75,108].

In addition, shorter-wavelength blue light has been reported to
play apivotal rolein glare disability, especially in patients with
retinal dystrophies [38,76]. Photophobia occurs because RPE
cells appear to be defective with regard to absorbing light and
because a lack of photoreceptors makes the adaptation to
different lighting levels difficult [38,76]. Several studies have
shown that patients with RP present higher values of intraocul ar
scattering and, therefore, a decreased visual discrimination
capacity in comparison to healthy people [77,109-111].

However, although excessive bluelight istheoretically harmful,
some studies have shown that longer blue wavelengths of the
visible spectrum (465-495 nm) are essential for the circadian
rhythm, pupillary reaction, color discrimination, and night vision
[7,23,24,40-43]. Therefore, optical SWL filters may offer
interesting advantages in having a positive effect on the visual
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discrimination capacity and decreasing glare disability in
patients with RP. Finally, they could also help in circadian
rhythm regulation and modulate the spectral transmittance of
SWL, protecting injured eyes from potential additional
photochemical damage.

We have selected melatonin as an intervention because of its
close relationship with and involvement in the regulation of
circadian cycles and its antioxidant and anti-inflammatory
potential.

Melatonin’sfunctions are either receptor dependent or receptor
independent. Theformer includes circadian rhythm control and
deep regulation. There is a considerable body of evidence of
melatonin regulating sleep in various sleep disorders[7,62-66].
In fact, melatonin appears as one of the most effective drugs
for treating circadian rhythm sleep-wake disorders[67]. Aging,
the presence of certain diseases (eg, primary degeneration of
the autonomous nervous system and diabetic neuropathy, some
types of neoplasms, Alzheimer disease), and certain drugs (eg,
[B-blockers, clonidine, naloxone, and NSAIDs) abolish the
nocturnal production of melatonin and are associated with
impaired sleep [7,61,79,81].

Melatonin actsviaitsown receptors (MT1, MT2) present at the
SCN, which are members of the G protein-inked receptor
family [61]. The phase-shifting effects of melatonin are
essentially opposite to those of light. In humans, its
dleep-promoting effects become significant about 2 hours after
intake, similar to the physiological sequence at night. However,
administration of melatonin during the daytime (when its
endogenous levels are minimal) results in induction of fatigue
and sleepiness in humans [79,81].

Thus, melatonin administration appears to be one of the most
promising approaches, with long-term benefits, for circadian
rhythm sleep disorders because it simultaneously treats sleep
and wake state problems and, in addition, synchronizes other
bodily rhythms so as to maintain the body’s internal temporal
order and prevent internal desynchronization [67,79,81].

Although the receptor-independent functions of melatonin
include the detoxification of ROS and other reactive molecules,
the antioxidant action of melatonin can also be expressed by
increasing the efficacy in preventing oxidative DNA damage
[7,51,58,60,61].

In addition to its pleiotropic actions, melatonin possesses an
advantage over other possible candidates due to its amphiphilic
character, which enablesit to enter any fluid, cells, or subcellular
structures, including mitochondria. Cornversely, melatonin
exhibits poor pharmacokinetic properties (eg, limited oral
bioavailability and short plasma half-life) and low subtype
receptor selectivity [79,81]. The effective doses reported are
between 0.5 and 10 mg without a clear dose-response
relationship (Multimedia Appendix 1). Thismainly reflectsthe
large interindividual variability in melatonin bioavailability,
whichiswell knownin the published literature and is attributed
to differences in first-pass metabolism (Multimedia Appendix
1).

The acute toxicity of melatonin, as seen in both animal and
human studies, is extremely low [82]. Melatonin may cause
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minor adverse effects, such as headache, insomnia, rash,
diarrhea, and nightmares[82]. In animals, alethal dosefor 50%
of the subjects (L D50) could not be established; even 800 mg/kg
body weight (high dose) was not lethal [100]. Studies on human
subjects given varying doses of melatonin (1-6.6 g/day) for
30-45 days and followed with an elaborate battery of
biochemical tests to detect potential toxicity have concluded
that in addition to drowsiness, all findings were normal at the
end of the test period [79,81,82].

In the same line as the previous Spanish RCT (EudraCT no:
2012-002436-82) with OM and patients with RP, we have
considered that 6 mg of OM for 30-40 days will be a safe dose
to reach the desired effects without causing side effectsin our
target population. In general, adose between 0.2 and 10 mg has
been considered a safe starting dose in most of the previous
studies with OM [67,79,81,82].

Accumulating evidenceindicates that mel atonin has a protective
effect against various ocular disorders, such as uveitis, diabetic
retinopathy, glaucoma, and even optic neuritis, through different
mechanisms of action [60,61,73,112-115]. The multifaceted
role of melatonin in neuroprotection might imply that melatonin
may possess the capacity to attenuate the harmful effects that
occur in degenerative retinal diseases, such as RP. Daily
administration of melatonin has been shown to delay the
photoreceptor apoptoticlossin RPmice[53,116]. Thisevidence
supports that a clinical trial using melatonin to at least delay
cell lossin RP in humans might be beneficial. In this context,
a Spanish RCT (EudraCT no: 2012-002436-82) with 6 mg of
OM and patients with RP is ongoing. Thus, therapeutic
treatments of eye diseases using melatonin alone or in
combination with other strategies deserve seriousinvestigation.

The possibility of synergy between the 2 strategies stems from
the common point between them—their involvement in circadian
rhythms. Glucocorticoid hormones, particularly cortisol,
participate in the body’s homeostasis and stress responses and
follow acircadian rhythm, exhibiting a predictable peak in the
morning, with atypically sharp elevation 30 minutesto an hour
after awakening [117-119], although onethat is apparently more
complex than the melatonin rhythm.

ThesAA enzyme hasbeen used asamarker for the sympathetic
nervous system response [118,120,121] and, like cortisol, has
been shown to respond to psychosocial stress [118]. As with
melatonin and cortisol, SAA production exhibits a regular
circadian pattern [118]. Under normal, steady-state conditions,
high levels of cortisol tend to be associated with low levels of
SAA and vice versa
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Synthesis of melatonin is affected by SWL, whereas cortisol
production and sAA levels are modulated by both short- and
long-wavelength light. Sincelight isawell-known stimulusfor
suppressing the synthesis of the hormone melatonin at night, it
was considered important for this study to also understand how
blocking SWL in bright-light conditions may prevent the
suppression of melatonin, which could affect perceived stress,
sleep quality, and the quality of life of patients with RP.

Limitations

The limitations that may be encountered in the application of
thisclinical trial arelikely to berelated to the large phenotypic
and genotypic variability found among patients with RP; the
difficultiesin recruiting patientswho meet the eligibility criteria,
especially those with enough visual acuity that allows them to
use the filters; and the subjective nature of the results of the
guestionnaires. However, this could be overcome by a good
baseline study that allows for proper analysis that considers
possible confounding variables. However, a sleep-monitoring
device could be used, such as second-generation multisensory
sleep trackers, but their price would increase the cost of the
study and there is till no validated device for this purpose, so
for the time being, they have not been included in the study
protocol [122].

Conclusion

Preservation of vision in retinal degeneration is one of the
priorities of the World Health Organization Vision 2020
program. Clinical trials of melatoninin the context of controlling
RP, for example, warrant serious consideration. Furthermore,
positive results of such studies would not only benefit patients
with various ocular disorders but also be particularly helpful in
countries where the treatments are expensive and not easily
accessible.

This protocol for adouble-blind RCT aimsto shed light on the
benefits that OM combined with SWL-blocking filters might
have for patients with moderate or severe RPin terms of disease
progression and quality of life. The goal isthat this protocol be
replicated for future studies, applied to additiona inherited
retinal dystrophies, and potentially incorporated into clinical
practice. Should this study demonstrate the superiority of the
combined intervention versus no intervention, its findings may
also help reduce the impact of sleeping disorders and negative
psychological disorders on the quality of life of patients with
RP and help them recover their self-autonomy.
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https://www.researchprotocol s.org/2023/1/e49196

JMIR Res Protoc 2023 | vol. 12 | 49196 | p. 12
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Pastor-ldoate et al

Conflictsof Interest
None declared.

Multimedia Appendix 1

Supplementary table with all existing randomized controlled trials registered at Clinical Trials.gov to date using oral melatonin.
[PDF File (Adobe PDF File), 470 KB-Multimedia Appendix 1]

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Verbakel SK, van Huet RAC, Boon CJF, den Hollander Al, Collin RwWJ, Klaver CCW, et al. Non-syndromic retinitis
pigmentosa. Prog Retin Eye Res 2018 Sep;66:157-186 [ FREE Full text] [doi: 10.1016/].preteyeres.2018.03.005] [Medline:
29597005]

Donders FC. Beitrédge zur pathol ogischen Anatomie des Auges. Graefes Archiv fuir Ophthalmol ogie 1855 Mar;2(1):106-118
[doi: 10.1007/BF02720791]

O’'Neal T, Luther E. Retinitis Pigmentosa. St. Petersburg, FL: StatPearls Publishing; 2021.

Menghini M, Cehajic-Kapetanovic J, MacL aren RE. Monitoring progression of retinitis pigmentosa: current recommendations
and recent advances. Expert Opin Orphan Drugs 2020 Mar 02;8(2-3):67-78 [FREE Full text] [doi:
10.1080/21678707.2020.1735352] [Medline: 32231889]

Ferrari S, Di lorio E, Barbaro V, Ponzin D, Sorrentino FS, Parmeggiani F. Retinitis pigmentosa: genes and disease
mechanisms. Curr Genomics 2011 Jun 01;12(4):238-249 [ FREE Full text] [doi: 10.2174/138920211795860107] [Medline:
22131869]

Mustafi D, Arbabi A, Ameri H, Palczewski K. Retinal gene distribution and functionality implicated in inherited retinal
degenerations can reveal disease-relevant pathways for pharmacologic intervention. Pharmaceuticals (Basel) 2019 May
17,12(2):74 [EREE Full text] [doi: 10.3390/ph12020074] [Medline: 31108889]

Lax P, Ortufio-Lizardn I, Maneu V, Vidal-Sanz M, Cuenca N. Photosensitive melanopsin-containing retinal ganglion cells
in health and disease: implications for circadian rhythms. Int JMol Sci 2019 Jun 28;20(13):3164 [FREE Full text] [doi:
10.3390/ijms20133164] [Medline: 31261700]

Provenciol, Rodriguez IR, Jiang G, HayesWP, MoreiraEF, Rollag MD. A novel human opsinintheinner retina. JNeurosci
2000 Jan 15;20(2):600-605 [FREE Full text] [doi: 10.1523/INEUROSCI.20-02-00600.2000] [Medline: 10632589]

Hattar S, Liao HW, Takao M, Berson DM, Yau KW. Melanopsin-containing retinal ganglion cells: architecture, projections,
and intrinsic photosensitivity. Science 2002 Feb 08;295(5557):1065-1070 [FREE Full text] [doi: 10.1126/science.1069609]
[Medline: 11834834]

Hannibal J, Hindersson P, Knudsen SM, Georg B, Fahrenkrug J. The photopigment melanopsin is exclusively present in
pituitary adenylate cyclase-activating polypeptide-containing retinal ganglion cells of the retinohypothalamic tract. J
Neurosci 2002 Jan 01;22(1):RC191 [FREE Full text] [doi: 10.1523/INEUROSCI .22-01-j0002.2002] [Medline: 11756521]
Bonmati-Carrion MA, Hild K, Isherwood CM, Sweeney SJ, Revell VL, Madrid JA, et a. Effect of single and combined
monochromatic light on the human pupillary light response. Front Neurol 2018 Nov 29;9:1019 [FREE Full text] [doi:
10.3389/fneur.2018.01019] [Medline: 30555403]

Chen C, Bojikian KD, Xin C, Wen JC, Gupta D, Zhang Q, et al. Repeatability and reproducibility of optic nerve head
perfusion measurements using optical coherence tomography angiography. J Biomed Opt 2016 Jun 01;21(6):65002 [ FREE
Full text] [doi: 10.1117/1.JB0O.21.6.065002] [Medline: 27272095]

Vugler A, Semo M, Ortin-Martinez A, Rojanasakul A, Nommiste B, Vaiente-Soriano FJ, et a. A role for the outer retina
in development of the intrinsic pupillary light reflex in mice. Neuroscience 2015 Feb 12;286:60-78 [FREE Full text] [doi:
10.1016/.neuroscience.2014.11.044] [Medline: 25433236]

LeGates TA, Altimus CM, Wang H, Lee H, Yang S, Zhao H, et al. Aberrant light directly impairs mood and learning
through melanopsi n-expressing neurons. Nature 2012 Nov 22;491(7425):594-598 [ FREE Full text] [doi: 10.1038/nature11673]
[Medline: 23151476]

MonteggiaLM, Kavalai ET. Circadian rhythms: depression brought to light. Nature 2012 Nov 22;491(7425):537-538 [doi:
10.1038/nature11752] [Medline: 23151474]

Lazzerini Ospri L, Prusky G, Hattar S. Mood, the circadian system, and melanopsin retinal ganglion cells. Annu Rev
Neurosci 2017 Jul 25;40:539-556 [FREE Full text] [doi: 10.1146/annurev-neuro-072116-031324] [Medline: 28525301]
Lockley S, Arendt J, Skene D. Visual impairment and circadian rhythm sleep disorders. Neurosci Biobehav Psychol
2016;428:437 [doi: 10.1016/b978-0-12-809324-5.01285-2]

Gordo MA, Recio J, Sdnchez-Barcel 6 EJ. Decreased sleep quality in patients suffering from retinitis pigmentosa. J Sleep
Res 2001 Jun;10(2):159-164 [doi: 10.1046/].1365-2869.2001.00251.X] [Medline: 11422730]

lonescu D, Driver HS, Heon E, Flanagan J, Shapiro CM. Sleep and daytime sleepinessin retinitis pigmentosa patients. J
Sleep Res 2001 Dec;10(4):329-335 [doi: 10.1046/].1365-2869.2001.00271.x] [Medline: 11903863]

https://www.researchprotocols.org/2023/1/e49196 JMIR Res Protoc 2023 | vol. 12 | 49196 | p. 13

RenderX

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=resprot_v12i1e49196_app1.pdf&filename=b20309abfe1762884835ca2415f30e10.pdf
https://jmir.org/api/download?alt_name=resprot_v12i1e49196_app1.pdf&filename=b20309abfe1762884835ca2415f30e10.pdf
https://linkinghub.elsevier.com/retrieve/pii/S1350-9462(17)30072-1
http://dx.doi.org/10.1016/j.preteyeres.2018.03.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29597005&dopt=Abstract
http://dx.doi.org/10.1007/BF02720791
https://europepmc.org/abstract/MED/32231889
http://dx.doi.org/10.1080/21678707.2020.1735352
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32231889&dopt=Abstract
https://europepmc.org/abstract/MED/22131869
http://dx.doi.org/10.2174/138920211795860107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22131869&dopt=Abstract
https://www.mdpi.com/resolver?pii=ph12020074
http://dx.doi.org/10.3390/ph12020074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31108889&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijms20133164
http://dx.doi.org/10.3390/ijms20133164
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31261700&dopt=Abstract
http://www.jneurosci.org/cgi/pmidlookup?view=long&pmid=10632589
http://dx.doi.org/10.1523/JNEUROSCI.20-02-00600.2000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10632589&dopt=Abstract
https://europepmc.org/abstract/MED/11834834
http://dx.doi.org/10.1126/science.1069609
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11834834&dopt=Abstract
http://www.jneurosci.org/cgi/pmidlookup?view=long&pmid=11756521
http://dx.doi.org/10.1523/JNEUROSCI.22-01-j0002.2002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11756521&dopt=Abstract
https://europepmc.org/abstract/MED/30555403
http://dx.doi.org/10.3389/fneur.2018.01019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30555403&dopt=Abstract
https://europepmc.org/abstract/MED/27272095
https://europepmc.org/abstract/MED/27272095
http://dx.doi.org/10.1117/1.JBO.21.6.065002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27272095&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0306-4522(14)01010-0
http://dx.doi.org/10.1016/j.neuroscience.2014.11.044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25433236&dopt=Abstract
https://europepmc.org/abstract/MED/23151476
http://dx.doi.org/10.1038/nature11673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23151476&dopt=Abstract
http://dx.doi.org/10.1038/nature11752
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23151474&dopt=Abstract
https://europepmc.org/abstract/MED/28525301
http://dx.doi.org/10.1146/annurev-neuro-072116-031324
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28525301&dopt=Abstract
http://dx.doi.org/10.1016/b978-0-12-809324-5.01285-2
http://dx.doi.org/10.1046/j.1365-2869.2001.00251.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11422730&dopt=Abstract
http://dx.doi.org/10.1046/j.1365-2869.2001.00271.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11903863&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Pastor-ldoate et al

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Pandas, Sato TK, Castrucci AM, Rollag MD, DeGrip WJ, Hogenesch JB, et al. Melanopsin (Opn4) requirement for normal
light-induced circadian phase shifting. Science 2002 Dec 13;298(5601):2213-2216 [doi: 10.1126/science.1076848] [Medline:
12481141]

Eastman C. Entraining the free-running circadian clocks of blind people. Lancet 2015 Oct 31;386(10005):1713 [doi:
10.1016/s0140-6736(15)61451-9] [Medline: 26554081]

Flynn-Evans EE, Tabandeh H, Skene DJ, Lockley SW. Circadian rhythm disorders and melatonin production in 127 blind
women with and without light perception. J Biol Rhythms 2014 Jun 10;29(3):215-224 [doi: 10.1177/0748730414536852]
[Medline: 24916394]

Videnovic A, Lazar AS, Barker RA, Overeem S. 'The clocksthat time us--circadian rhythmsin neurodegenerative disorders.
Nat Rev Neurol 2014 Dec;10(12):683-693 [FREE Full text] [doi: 10.1038/nrneurol.2014.206] [Medline: 25385339]
Musiek ES, Holtzman DM. Mechanisms linking circadian clocks, sleep, and neurodegeneration. Science 2016 Nov
25;354(6315):1004-1008 [FREE Full text] [doi: 10.1126/science.aah4968] [Medline: 27885006]

Wang M, Lam TT, Tso MO, Naash MI. Expression of amutant opsin gene increases the susceptibility of the retinato light
damage. Vis Neurosci 1997;14(1):55-62 [doi: 10.1017/s0952523800008750] [Medline: 9057268]

Hamel C. Retinitis pigmentosa. Orphanet J Rare Dis 2006 Oct 11;1:40 [FREE Full text] [doi: 10.1186/1750-1172-1-40]
[Medline: 17032466]

Yu C, Peng R. Biological effects and mechanisms of shortwave radiation: areview. Mil Med Res 2017;4:24 [FREE Full
text] [doi: 10.1186/s40779-017-0133-6] [Medline: 28729909]

Tosini G, Ferguson |, Tsubota K. Effects of blue light on the circadian system and eye physiology. Mol Vis 2016;22:61-72
[FREE Full text] [Medline: 26900325]

Wenzel A, Grimm C, SamardzijaM, Remé CE. Molecular mechanisms of light-induced photoreceptor apoptosis and
neuroprotection for retinal degeneration. Prog Retin Eye Res 2005 Mar;24(2):275-306 [doi: 10.1016/j.preteyeres.2004.08.002]
[Medline: 15610977]

Organisciak DT, Vaughan DK. Retinal light damage: mechanisms and protection. Prog Retin Eye Res 2010
Mar;29(2):113-134 [FREE Full text] [doi: 10.1016/j.preteyeres.2009.11.004] [Medline: 19951742)

Sparrow JR, Nakanishi K, Parish CA. The lipofuscin fluorophore A2E mediates blue light-induced damage to retinal
pigmented epithelial cells. Invest Ophthalmol Vis Sci 2000 Jun;41(7):1981-1989 [Medline: 10845625]

Rézanowska M, Jarvis-Evans J, Korytowski W, Boulton ME, Burke JM, Sarna T. Blue light-induced reactivity of retinal
age pigment. In vitro generation of oxygen-reactive species. J Biol Chem 1995 Aug 11;270(32):18825-18830 [FREE Full
text] [doi: 10.1074/jbc.270.32.18825] [Medline: 7642534]

Rézanowska M, Wessels J, Boulton M, Burke JM, Rodgers MA, Truscott TG, et a. Blue light-induced singlet oxygen
generation by retinal lipofuscin in non-polar media. Free Radic Biol Med 1998 May;24(7-8):1107-1112 [doi:
10.1016/s0891-5849(97)00395-x] [Medline: 9626564]

Pawlak A, Rozanowska M, ZarebaM, Lamb LE, Simon JD, Sarna T. Action spectrafor the photoconsumption of oxygen
by human ocular lipofuscin and lipofuscin extracts. Arch Biochem Biophys 2002 Jul 01;403(1):59-62 [doi:
10.1016/S0003-9861(02)00260-6] [Medline: 12061802]

Tao J, Zhou W, Zhu X. Mitochondria as potential targets and initiators of the blue light hazard to the retina. Oxid Med Cell
Longev 2019;2019:6435364 [FREE Full text] [doi: 10.1155/2019/6435364] [Medline: 31531186]

Jaadane |, Boulenguez P, Chahory S, Carré S, Savoldelli M, Jonet L, et a. Retinal damage induced by commercial light
emitting diodes (LEDS). Free Radic Biol Med 2015 Jul;84:373-384 [EREE Full text] [doi:
10.1016/].freeradbiomed.2015.03.034] [Medline: 25863264]

Algvere PV, Marshall J, Seregard S. Age-related macul opathy and the impact of blue light hazard. Acta Ophthalmol Scand
2006 Feb;84(1):4-15 [FREE Full text] [doi: 10.1111/].1600-0420.2005.00627.x] [Medline: 16445433]

Otsuka, Oishi A, MiyataM, Oishi M, Hasegawa T, Numa S, et al. Wavelength of light and photophobiain inherited
retinal dystrophy. Sci Rep 2020 Sep 09;10(1):14798 [FREE Full text] [doi: 10.1038/s41598-020-71707-2] [Medline:
32908200]

OrlansHO, Merrill J, Barnard AR, Charbel 1ssa P, Peirson SN, MacL aren RE. Filtration of short-wavelength light provides
therapeutic benefit in retinitis pigmentosa caused by a common rhodopsin mutation. Invest Ophthalmol Vis Sci 2019 Jun
03;60(7):2733-2742 [doi: 10.1167/iovs.19-26964] [Medline: 31247114]

Gooley JJ, Rgjaratnam SMW, Brainard GC, Kronauer RE, Czeisler CA, Lockley SW. Spectral responses of the human
circadian system depend on the irradiance and duration of exposure to light. Sci Transd Med 2010 May 12;2(31):31ra33
[EREE Full text] [doi: 10.1126/scitransmed.3000741] [Medline: 20463367]

Esaki Y, Shimazaki A, Pellinen P. Ocular tolerability of preservative-free tafluprost and latanoprost: in vitro and in vivo
comparétive study. Open Ophthalmol J2016 May 31;10(1):146-153 [FREE Full text] [doi: 10.2174/1874364101610010146]
[Medline: 27347250]

Burkhart K, Phelps JR. Amber lenses to block blue light and improve sleep: arandomized trial. Chronobiol Int 2009
Dec;26(8):1602-1612 [doi: 10.3109/07420520903523719] [Medline: 20030543]

Shechter A, Kim EW, St-Onge M, Westwood AJ. Blocking nocturnal blue light for insomnia: arandomized controlled
trial. J Psychiatr Res 2018 Jan;96:196-202 [FREE Full text] [doi: 10.1016/].jpsychires.2017.10.015] [Medline: 29101797]

https://www.researchprotocols.org/2023/1/e49196 JMIR Res Protoc 2023 | vol. 12 | 49196 | p. 14

(page number not for citation purposes)


http://dx.doi.org/10.1126/science.1076848
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12481141&dopt=Abstract
http://dx.doi.org/10.1016/s0140-6736(15)61451-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26554081&dopt=Abstract
http://dx.doi.org/10.1177/0748730414536852
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24916394&dopt=Abstract
https://europepmc.org/abstract/MED/25385339
http://dx.doi.org/10.1038/nrneurol.2014.206
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25385339&dopt=Abstract
https://europepmc.org/abstract/MED/27885006
http://dx.doi.org/10.1126/science.aah4968
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27885006&dopt=Abstract
http://dx.doi.org/10.1017/s0952523800008750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9057268&dopt=Abstract
https://ojrd.biomedcentral.com/articles/10.1186/1750-1172-1-40
http://dx.doi.org/10.1186/1750-1172-1-40
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17032466&dopt=Abstract
https://mmrjournal.biomedcentral.com/articles/10.1186/s40779-017-0133-6
https://mmrjournal.biomedcentral.com/articles/10.1186/s40779-017-0133-6
http://dx.doi.org/10.1186/s40779-017-0133-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28729909&dopt=Abstract
http://www.molvis.org/molvis/v22/61/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26900325&dopt=Abstract
http://dx.doi.org/10.1016/j.preteyeres.2004.08.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15610977&dopt=Abstract
https://europepmc.org/abstract/MED/19951742
http://dx.doi.org/10.1016/j.preteyeres.2009.11.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19951742&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10845625&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0021-9258(18)51910-4
https://linkinghub.elsevier.com/retrieve/pii/S0021-9258(18)51910-4
http://dx.doi.org/10.1074/jbc.270.32.18825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7642534&dopt=Abstract
http://dx.doi.org/10.1016/s0891-5849(97)00395-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9626564&dopt=Abstract
http://dx.doi.org/10.1016/S0003-9861(02)00260-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12061802&dopt=Abstract
https://doi.org/10.1155/2019/6435364
http://dx.doi.org/10.1155/2019/6435364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31531186&dopt=Abstract
https://serval.unil.ch/notice/serval:BIB_68616A61778D
http://dx.doi.org/10.1016/j.freeradbiomed.2015.03.034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25863264&dopt=Abstract
https://onlinelibrary.wiley.com/resolve/openurl?genre=article&sid=nlm:pubmed&issn=1395-3907&date=2006&volume=84&issue=1&spage=4
http://dx.doi.org/10.1111/j.1600-0420.2005.00627.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16445433&dopt=Abstract
https://doi.org/10.1038/s41598-020-71707-2
http://dx.doi.org/10.1038/s41598-020-71707-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32908200&dopt=Abstract
http://dx.doi.org/10.1167/iovs.19-26964
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31247114&dopt=Abstract
https://europepmc.org/abstract/MED/20463367
http://dx.doi.org/10.1126/scitranslmed.3000741
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20463367&dopt=Abstract
https://europepmc.org/abstract/MED/27347250
http://dx.doi.org/10.2174/1874364101610010146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27347250&dopt=Abstract
http://dx.doi.org/10.3109/07420520903523719
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20030543&dopt=Abstract
https://europepmc.org/abstract/MED/29101797
http://dx.doi.org/10.1016/j.jpsychires.2017.10.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29101797&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Pastor-ldoate et al

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

Fisk A, Tam S, Brown L, Vyazovskiy VV, Bannerman DM, Peirson SN. Light and cognition: roles for circadian rhythms,
sleep, and arousal. Front Neurol 2018;9:56 [FREE Full text] [doi: 10.3389/fneur.2018.00056] [Medline: 29479335]
Cajochen C, Frey S, Anders D, Spiti J, Bues M, Pross A, et a. Evening exposure to a light-emitting diodes (LED)-backlit
computer screen affects circadian physiology and cognitive performance. JAppl Physiol (1985) 2011 May;110(5):1432-1438
[EREE Full text] [doi: 10.1152/japplphysiol.00165.2011] [Medline: 21415172

Cajochen C, Miinch M, Kobialka S, Krauchi K, Steiner R, Oelhafen P, et al. High sensitivity of human melatonin, alertness,
thermoregulation, and heart rate to short wavelength light. J Clin Endocrinol Metab 2005 Mar;90(3):1311-1316 [doi:
10.1210/j¢.2004-0957] [Medline: 15585546]

Esaki Y, Takeuchi I, Tsuboi S, FujitaK, IwataN, KitgjimaT. A double-blind, randomized, placebo-controlled trial of
adjunctive blue-blocking glasses for the treatment of sleep and circadian rhythm in patients with bipolar disorder. Bipolar
Disord 2020 Nov;22(7):739-748 [doi: 10.1111/bdi.12912] [Medline: 32276301]

Zhao Y, Feng K, Liu R, Pan J, Zhang L, Lu X. Vitamins and mineral supplements for retinitis pigmentosa. J Ophthalmol
2019 Feb 21;2019:8524607-8524611 [ FREE Full text] [doi: 10.1155/2019/8524607] [Medline: 30918719]

Brito-Garcia N, Del Pino-Sedefio T, Trujillo-Martin MM, Coco RM, Rodriguez delaRuaE, Del Cura-Gonzélez I, et al.
Effectiveness and safety of nutritional supplementsin the treatment of hereditary retinal dystrophies: a systematic review.
Eye (Lond) 2017 Feb;31(2):273-285 [FREE Full text] [doi: 10.1038/eye.2016.286] [Medline: 27935602]

Schwartz SG, Wang X, Chavis P, Kuriyan AE, Abariga SA. Vitamin A and fish oils for preventing the progression of
retinitis pigmentosa. Cochrane Database Syst Rev 2020 Jun 18;6(6):CD008428 [FREE Full text] [doi:
10.1002/14651858.CD008428.pub3] [Medline: 32573764]

Blasiak J, Reiter R, Kaarniranta K. Melatonin in retinal physiology and pathology: the case of age-related macular
degeneration. Oxid Med Cell Longev 2016;2016:6819736 [FREE Full text] [doi: 10.1155/2016/6819736] [Medline:
27688828]

Pourhanifeh M, Hosseinzadeh A, Dehdashtian E, Hemati K, Mehrzadi S. Melatonin: new insightson itstherapeutic properties
in diabetic complications. Diabetol Metab Syndr 2020;12:30 [FREE Full text] [doi: 10.1186/s13098-020-00537-z] [Medline:
32280378]

Li C, TianY, Yao A, Zha X, Zhang J, Tao Y. Intravitrea delivery of melatonin is protective against the photoreceptor loss
in mice: a potential therapeutic strategy for degenerative retinopathy. Front Pharmacol 2019 Feb 12;10:1633 [FREE Full
text] [doi: 10.3389/fphar.2019.01633] [Medline: 32116667]

Siu AW, Maldonado M, Sanchez-Hidalgo M, Tan D, Reiter RJ. Protective effects of melatonin in experimental free
radical-related ocul ar diseases. JPineal Res 2006 Mar;40(2):101-109 [doi: 10.1111/j.1600-079X.2005.00304.x] [Medline:
16441546]

Yi C, Pan X, Yan H, Guo M, Pierpaoli W. Effects of melatonin in age-related macular degeneration. Ann N Y Acad Sci
2005 Dec;1057:384-392 [doi: 10.1196/annals.1356.029] [Medline: 16399908]

CipollaNeto J, Amaral FGD. Melatonin as a hormone: new physiological and clinical insights. Endocr Rev 2018 Dec
01;39(6):990-1028 [doi: 10.1210/er.2018-00084] [Medline: 30215696]

CampelloL, Kutsyr O, NoaillesA, MichalskaP, Fernandez-Sanchez L, Martinez-Gil N, et al. New Nrf2-inducer compound
ITH12674 slows the progression of retinitis pigmentosa in the mouse model rd10. Cell Physiol Biochem 2020 Feb
07;54(1):142-159 [FREE Full text] [doi: 10.33594/000000210] [Medline: 32028545]

Tan D, Manchester LC, QinL, Reiter RJ. Melatonin: amitochondrial targeting molecul einvolving mitochondrial protection
and dynamics. Int JMol Sci 2016 Dec 16;17(12):2124 [FREE Full text] [doi: 10.3390/ijms17122124] [Medline: 27999288]
Newton F, Megaw R. Mechanisms of photoreceptor death in retinitis pigmentosa. Genes (Basel) 2020 Sep 24;11(10):1-29
[FREE Full text] [doi: 10.3390/genes11101120] [Medline: 32987769]

Mehrzadi S, Hemati K, Reiter RJ, Hosseinzadeh A. Mitochondrial dysfunction in age-related macular degeneration:
melatonin asapotential treatment. Expert Opin Ther Targets 2020 Apr;24(4):359-378 [doi: 10.1080/14728222.2020.1737015]
[Medline: 32116056]

Crooke A, Huete-Toral F, Colligris B, Pintor J. Therole and therapeutic potential of melatonin in age-related ocular diseases.
JPineal Res 2017 Sep;63(2):1-25 [doi: 10.1111/jpi.12430] [Medline: 28658514]

Burgess H, Revell V, Malina T, Eastman C. Human phase response curves to three days of daily melatonin: 0.5 mg versus
3.0 mg. J Clin Endocrinol Metab 2010 Jul;95(7):3325-3331 [FREE Full text] [doi: 10.1210/jc.2009-2590] [Medline:
20410229]

Lewy AJ, Emens JS, Lefler BJ, Yuhas K, Jackman AR. Melatonin entrains free-running blind people according to a
physiological dose-response curve. Chronobiol Int 2005;22(6):1093-1106 [doi: 10.1080/07420520500398064] [Medline:
16393710]

Ferguson SA, Rajaratham SMW, Dawson D. Melatonin agonists and insomnia. Expert Rev Neurother 2010 Feb;10(2):305-318
[doi: 10.1586/ern.10.1] [Medline: 20136385]

Revell VL, Burgess HJ, Gazda CJ, Smith MR, Fogg LF, Eastman CI. Advancing human circadian rhythms with afternoon
melatonin and morning intermittent bright light. J Clin Endocrinol Metab 2006 Jan;91(1):54-59 [FREE Full text] [doi:
10.1210/jc.2005-1009] [Medline: 16263827]

https://www.researchprotocols.org/2023/1/e49196 JMIR Res Protoc 2023 | vol. 12 | 49196 | p. 15

(page number not for citation purposes)


https://europepmc.org/abstract/MED/29479335
http://dx.doi.org/10.3389/fneur.2018.00056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29479335&dopt=Abstract
https://journals.physiology.org/doi/10.1152/japplphysiol.00165.2011?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1152/japplphysiol.00165.2011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21415172&dopt=Abstract
http://dx.doi.org/10.1210/jc.2004-0957
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15585546&dopt=Abstract
http://dx.doi.org/10.1111/bdi.12912
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32276301&dopt=Abstract
https://doi.org/10.1155/2019/8524607
http://dx.doi.org/10.1155/2019/8524607
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30918719&dopt=Abstract
https://europepmc.org/abstract/MED/27935602
http://dx.doi.org/10.1038/eye.2016.286
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27935602&dopt=Abstract
https://europepmc.org/abstract/MED/32573764
http://dx.doi.org/10.1002/14651858.CD008428.pub3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32573764&dopt=Abstract
https://doi.org/10.1155/2016/6819736
http://dx.doi.org/10.1155/2016/6819736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27688828&dopt=Abstract
https://dmsjournal.biomedcentral.com/articles/10.1186/s13098-020-00537-z
http://dx.doi.org/10.1186/s13098-020-00537-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32280378&dopt=Abstract
https://europepmc.org/abstract/MED/32116667
https://europepmc.org/abstract/MED/32116667
http://dx.doi.org/10.3389/fphar.2019.01633
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32116667&dopt=Abstract
http://dx.doi.org/10.1111/j.1600-079X.2005.00304.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16441546&dopt=Abstract
http://dx.doi.org/10.1196/annals.1356.029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16399908&dopt=Abstract
http://dx.doi.org/10.1210/er.2018-00084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30215696&dopt=Abstract
https://www.cellphysiolbiochem.com/Articles/?DOI=10.33594/000000210
http://dx.doi.org/10.33594/000000210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32028545&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijms17122124
http://dx.doi.org/10.3390/ijms17122124
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27999288&dopt=Abstract
https://www.mdpi.com/resolver?pii=genes11101120
http://dx.doi.org/10.3390/genes11101120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32987769&dopt=Abstract
http://dx.doi.org/10.1080/14728222.2020.1737015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32116056&dopt=Abstract
http://dx.doi.org/10.1111/jpi.12430
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28658514&dopt=Abstract
https://europepmc.org/abstract/MED/20410229
http://dx.doi.org/10.1210/jc.2009-2590
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20410229&dopt=Abstract
http://dx.doi.org/10.1080/07420520500398064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16393710&dopt=Abstract
http://dx.doi.org/10.1586/ern.10.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20136385&dopt=Abstract
https://europepmc.org/abstract/MED/16263827
http://dx.doi.org/10.1210/jc.2005-1009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16263827&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Pastor-ldoate et al

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

85.

86.

87.

88.

Hack LM, Lockley SW, Arendt J, Skene DJ. The effects of low-dose 0.5-mg melatonin on the free-running circadian
rhythms of blind subjects. JBiol Rhythms 2003 Oct; 18(5):420-429 [doi: 10.1177/0748730403256796] [Medline: 14582858]
Morgenthaler TI, Lee-Chiong T, Alessi C, Friedman L, Aurora RN, Boehlecke B, et al. Standards of Practice Committee
of the American Academy of Sleep Medicine. Practice parameters for the clinical evaluation and treatment of circadian
rhythm sleep disorders. an American Academy of Sleep Medicine report. Sleep 2007 Nov;30(11):1445-1459 [FREE Full
text] [doi: 10.1093/sleep/30.11.1445] [Medline: 18041479]

Chaumet-Riffaud AE, Chaumet-Riffaud P, Cariou A, Devisme C, Audo |, Sahel J, et a. Impact of retinitis pigmentosa on
quality of life, mental health, and employment among young adults. Am J Ophthalmol 2017 May;177:169-174 [doi:
10.1016/j.8)0.2017.02.016] [Medline; 28237413]

Azoulay L, Chaumet-Riffaud P, Jaron S, Roux C, Sancho S, Berdugo N, et al. Threshold levels of visual field and acuity
lossrelated to significant decreasesin the quality of life and emotional states of patientswith retinitis pigmentosa. Ophthalmic
Res 2015;54(2):78-84 [FREE Full text] [doi: 10.1159/000435886] [Medline: 26228470]

Frick KD, Roebuck MC, Feldstein JI, McCarty CA, Grover LL. Health services utilization and cost of retinitis pigmentosa.
Arch Ophthalmol 2012 May;130(5):629-634 [doi: 10.1001/archophthalmol.2011.2820] [Medline: 22652848]

Levinson JD, Joseph E, Ward LA, Nocera JR, Pardue MT, Bruce BB, et al. Physical activity and quality of lifein retinitis
pigmentosa. JOphthalmol 2017;2017:6950642-6950646 [ FREE Full text] [doi: 10.1155/2017/6950642] [Medline: 28596918]
Saaddine JB, Narayan KMV, Vinicor F. Vision loss: a public health problem? Ophthalmology 2003 Feb;110(2):253-254
[doi: 10.1016/s0161-6420(02)01839-0] [Medline: 12578764]

Scuderi L, Davinelli S, lodice CM, Bartollino S, Scapagnini G, Costagliola C, et al. Melatonin: implications for ocular
disease and therapeutic potential. Curr Pharm Des 2019;25(39):4185-4191 [doi: 10.2174/1381612825666191113110225]
[Medline: 31724508]

Herse P. Retinitis pigmentosa: visual function and multidisciplinary management. Clin Exp Optom 2005 Sep;88(5):335-350
[FREE Full text] [doi: 10.1111/j.1444-0938.2005.tb06717.x] [Medline: 16255692]

Brainard GC, Hanifin JP, Warfield B, Stone MK, James ME, Ayers M, et a. Short-wavel ength enrichment of polychromatic
light enhances human melatonin suppression potency. J Pineal Res 2015 Apr;58(3):352-361 [FREE Full text] [doi:
10.1111/jpi.12221] [Medline: 25726691]

Colombo L, Melardi E, Ferri P, Montesano G, Samir Attaalla S, Patelli F, et a. Visual function improvement using
photocromic and sel ective blue-violet light filtering spectacl e lensesin patients affected by retinal diseases. BM C Ophthalmol
2017 Aug 22;17(1):149 [FREE Full text] [doi: 10.1186/s12886-017-0545-9] [Medline: 28830379]

Cedriin-Sanchez JE, Chamorro E, Bonnin-Arias C, Aguirre-Vilacoro V, Castro JJ, Sdnchez-Ramos C. Visual discrimination
increase by yellow filtersin retinitis pigmentosa. Optom Vis Sci 2016 Dec;93(12):1537-1544 [doi:
10.1097/0PX.0000000000000924] [Medline: 27391534]

Spitschan M, Lazar R, Cgjochen C. Visual and non-visual properties of filters manipulating short-wavelength light.
Ophthalmic Physiol Opt 2019 Nov;39(6):459-468 [FREE Full text] [doi: 10.1111/0p0.12648] [Medline: 31696535]
Stanford SC. Recent devel opmentsin research of melatonin and its potential therapeutic applications. Br J Pharmacol 2018
Aug;175(16):3187-3189 [FREE Full text] [doi: 10.1111/bph.14371] [Medline: 30917240]

StepichevaN, Weiss J, Shang P, Yazdankhah M, Ghosh S, Bhutto I, et al. Melatonin asthe possiblelink between age-rel ated
retinal regeneration and the disrupted circadian rhythm in elderly. Adv Exp Med Biol 2019;1185:45-49 [doi:
10.1007/978-3-030-27378-1_8] [Medline: 31884587]

Zisapel N. New perspectives on the role of melatonin in human deep, circadian rhythms and their regulation. Br JPharmacol
2018 Aug;175(16):3190-3199 [FREE Full text] [doi: 10.1111/bph.14116] [Medline: 29318587]

Malhotra S, Sawhney G, Pandhi P. The therapeutic potential of melatonin: areview of the science. MedGenMed 2004 Apr
13;6(2):46 [FREE Full text] [Medline: 15266271]

Iftikhar M, Lemus M, Usmani B, Campochiaro PA, Sahel JA, Scholl HPN, et al. Classification of disease severity inretinitis
pigmentosa. Br JOphthalmol 2019 Nov;103(11):1595-1599 [doi: 10.1136/bjophthalmol-2018-313669] [Medline: 30705041]
Bengtsson B, Heijl A. Inter-subject variability and normal limits of the SITA Standard, SITA Fast, and the Humphrey Full
Threshold computerized perimetry strategies, SITA STATPAC. Acta Ophthalmol Scand 1999 Apr;77(2):125-129 [FREE
Full text] [doi: 10.1034/j.1600-0420.1999.770201.x] [Medline: 10321523]

Spielberger CD, Gorsuch RL, Lushene RE, Vagg P, Jacobs G. Manual for the State-Trait Anxiety Inventory (Form Y1 —
Y 2). Palo Alto, CA: Consulting Psychologists Press; 1983.

Angst F, Aeschlimann A, Angst J. The minimal clinically important difference raised the significance of outcome effects
above the statistical level, with methodological implications for future studies. Journal of Clinical Epidemiology 2017
Feb;82:128-136 [FREE Full text] [doi: 10.1016/].jclinepi.2016.11.016] [Medline: 27986610]

Johns M. Reliability and factor analysis of the Epworth Sleepiness Scale. Sleep 1992 Aug;15(4):376-381 [doi:
10.1093/sleep/15.4.376] [Medline: 1519015]

Mollayeva T, Thurairagjah P, Burton K, Mollayeva S, Shapiro CM, Colantonio A. The Pittsburgh Sleep Quality Index asa
screening tool for sleep dysfunction in clinical and non-clinical samples: A systematic review and meta-analysis. Sleep
Med Rev 2016 Feb;25:52-73 [doi: 10.1016/j.smrv.2015.01.009] [Medline: 26163057]

https://www.researchprotocols.org/2023/1/e49196 JMIR Res Protoc 2023 | vol. 12 | 49196 | p. 16

(page number not for citation purposes)


http://dx.doi.org/10.1177/0748730403256796
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14582858&dopt=Abstract
https://europepmc.org/abstract/MED/18041479
https://europepmc.org/abstract/MED/18041479
http://dx.doi.org/10.1093/sleep/30.11.1445
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18041479&dopt=Abstract
http://dx.doi.org/10.1016/j.ajo.2017.02.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28237413&dopt=Abstract
https://doi.org/10.1159/000435886
http://dx.doi.org/10.1159/000435886
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26228470&dopt=Abstract
http://dx.doi.org/10.1001/archophthalmol.2011.2820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22652848&dopt=Abstract
https://doi.org/10.1155/2017/6950642
http://dx.doi.org/10.1155/2017/6950642
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28596918&dopt=Abstract
http://dx.doi.org/10.1016/s0161-6420(02)01839-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12578764&dopt=Abstract
http://dx.doi.org/10.2174/1381612825666191113110225
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31724508&dopt=Abstract
https://onlinelibrary.wiley.com/resolve/openurl?genre=article&sid=nlm:pubmed&issn=0816-4622&date=2005&volume=88&issue=5&spage=335
http://dx.doi.org/10.1111/j.1444-0938.2005.tb06717.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16255692&dopt=Abstract
https://core.ac.uk/reader/46974323?utm_source=linkout
http://dx.doi.org/10.1111/jpi.12221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25726691&dopt=Abstract
https://bmcophthalmol.biomedcentral.com/articles/10.1186/s12886-017-0545-9
http://dx.doi.org/10.1186/s12886-017-0545-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28830379&dopt=Abstract
http://dx.doi.org/10.1097/OPX.0000000000000924
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27391534&dopt=Abstract
https://europepmc.org/abstract/MED/31696535
http://dx.doi.org/10.1111/opo.12648
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31696535&dopt=Abstract
https://europepmc.org/abstract/MED/30917240
http://dx.doi.org/10.1111/bph.14371
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30917240&dopt=Abstract
http://dx.doi.org/10.1007/978-3-030-27378-1_8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31884587&dopt=Abstract
https://europepmc.org/abstract/MED/29318587
http://dx.doi.org/10.1111/bph.14116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29318587&dopt=Abstract
https://www.medscape.com/viewarticle/472385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15266271&dopt=Abstract
http://dx.doi.org/10.1136/bjophthalmol-2018-313669
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30705041&dopt=Abstract
https://onlinelibrary.wiley.com/resolve/openurl?genre=article&sid=nlm:pubmed&issn=1395-3907&date=1999&volume=77&issue=2&spage=125
https://onlinelibrary.wiley.com/resolve/openurl?genre=article&sid=nlm:pubmed&issn=1395-3907&date=1999&volume=77&issue=2&spage=125
http://dx.doi.org/10.1034/j.1600-0420.1999.770201.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10321523&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0895-4356(16)30776-4
http://dx.doi.org/10.1016/j.jclinepi.2016.11.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27986610&dopt=Abstract
http://dx.doi.org/10.1093/sleep/15.4.376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1519015&dopt=Abstract
http://dx.doi.org/10.1016/j.smrv.2015.01.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26163057&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Pastor-ldoate et al

89. Jespersen KV, Vuust P. The effect of relaxation music listening on sleep quality in traumatized refugees: a pilot study. J
Music Ther 2012;49(2):205-229 [doi: 10.1093/jmt/49.2.205] [Medline: 26753218]

90. Crook S, Sievi NA, Bloch KE, Stradling JR, Frei A, Puhan MA, et al. Minimum important difference of the Epworth
Sleepiness Scale in obstructive sleep apnoea: estimation from three randomised controlled trials. Thorax 2019
Apr;74(4):390-396 [doi: 10.1136/thoraxjnl-2018-211959] [Medline: 30100576]

91. Sandahl H, Jennum P, Baandrup L, Lykke Mortensen E, Carlsson J. Imagery rehearsal therapy and/or mianserinin treatment
of refugees diagnosed with PTSD: results from a randomized controlled trial. J Sleep Res 2021 Aug;30(4):€13276 [FREE
Full text] [doi: 10.1111/jsr.13276] [Medline: 33529449]

92. Pate S, Kon S, Nolan C, Simonds A, Morrell M, Man W, et al. Minimum clinically important difference of the Epworth
Sleepiness Scale. Eur Respir J Eur Respir Soc 2017:PA330 [doi: 10.1183/1393003.congress-2017.pa330]

93. Belagambi FG, Lomonaco T, Salvo P, Vivaldi F, Hangouét M, Ghimenti S, et al. Saliva sampling: methods and devices.
An overview. TrAC Trends Anal Chem 2020 Mar;124:115781 [doi: 10.1016/j.trac.2019.115781]

94. Li L. Permuted-block randomization with varying block sizes using SAS ® Proc Plan. 2011 Presented at: SESUG 2011:
19th Annual Southeast SAS Users Group Conference; 2011; Alexandria, VA

95. Leung TW, Li RW, Kee C. Blue-light filtering spectacle lenses: Optical and clinical performances. PLoS One
2017;12(1):e0169114 [FREE Full text] [doi: 10.1371/journal.pone.0169114] [Medline: 28045969]

96. Tzischinsky O, Lavie P. Melatonin possesses time-dependent hypnotic effects. Sleep 1994 Oct;17(7):638-645 [doi:
10.1093/sleep/17.7.638] [Medline: 7846463]

97. ZhdanovalV, Wurtman RJ, Morabito C, Piotrovska VR, Lynch HJ. Effects of low oral doses of melatonin, given 2-4 hours
before habitual bedtime, on sleep in normal young humans. Sleep 1996 Jun;19(5):423-431 [doi: 10.1093/sleep/19.5.423]
[Medline: 8843534]

98. Hamov I, Lavie P, Laudon M, Herer P, Vigder C, Zisapel N. Melatonin replacement therapy of elderly insomniacs. Sleep
1995 Sep;18(7):598-603 [doi: 10.1093/sleep/18.7.598] [Medline: 8552931]

99. Costello RB, Lentino CV, Boyd CC, O'Connell ML, Crawford CC, Sprengel ML, et a. The effectiveness of melatonin for
promoting healthy sleep: arapid evidence assessment of the literature. Nutr J 2014 Nov 07;13:106 [FREE Full text] [doi:
10.1186/1475-2891-13-106] [Medline: 25380732]

100. BarchasJ, DaCosta F, Spector S. Acute pharmacology of melatonin. Nature 1967 May 27;214(5091):919-920 [doi:
10.1038/214919a0] [Medline: 6054984]

101. Burke TM, Markwald RR, Chinoy ED, Snider JA, Bessman SC, Jung CM, et a. Combination of light and melatonin time
cues for phase advancing the human circadian clock. Sleep 2013 Nov 01;36(11):1617-1624 [FREE Full text] [doi:
10.5665/sleep.3110] [Medline: 24179293]

102. Cohen J. Statistical Power Analysis for the Behavioral Sciences. 2nd ed. New York, NY: Routledge; 1988.

103. Julious S. Sample Sizesfor Clinical Trials. UK: CRC Press/Taylor & Francis; 2010.

104. Machin D, Campbell M, Tan SB, Tan SH. Sample Size Tablesfor Clinical Studies. 3rd ed. Hoboken, NJ: Wiley-Blackwell;
2011.

105. Ryan T. Sample Size Determination and Power. Hoboken, NJ: Wiley; 2013.

106. Cho S, Watson D, Jacobs C, NaveirasM. A Markov mixed-effect multinomial logistic regression model for nominal repeated
measures with an application to syntactic self-priming effects. Multivariate Behav Res 2021 Mar 24;56(3):476-495 [doi:
10.1080/00273171.2020.1738207] [Medline: 32207638]

107. Farnoosh G, Akbarigomi M, Badri T, Bagheri M, 1zadi M, Saeedi-Boroujeni A, et a. Efficacy of alow dose of melatonin
as an adjunctive therapy in hospitalized patients with COV1D-19: arandomized, double-blind clinical trial. Arch Med Res
2022 Jan;53(1):79-85 [FREE Full text] [doi: 10.1016/j.arcmed.2021.06.006] [Medline: 34229896]

108. West KE, Jablonski MR, Warfield B, Cecil KS, James M, Ayers MA, et al. Blue light from light-emitting diodes elicits a
dose-dependent suppression of melatonin in humans. J Appl Physiol (1985) 2011 Mar;110(3):619-626 [FREE Full text]
[doi: 10.1152/japplphysiol.01413.2009] [Medline: 21164152]

109. Alexander KR, Fishman GA, Derlacki DJ. Intraocular light scatter in patients with retinitis pigmentosa. Vision Res 1996
Nov;36(22):3703-3709 [FREE Full text] [doi: 10.1016/0042-6989(96)00068-5] [Medline: 8977000]

110. Grover S, Alexander KR, Fishman GA, Ryan J. Comparison of intraocular light scatter in carriers of choroideremia and
X-linked retinitis pigmentosa. Ophthal mol ogy 2002 Jan;109(1):159-163 [doi: 10.1016/s0161-6420(01)00854-5] [Medline:
11772598]

111. Franssen L, Tabernero J, Coppens JE, van den Berg TJTP. Pupil size and retinal straylight in the normal eye. Invest
Ophthalmol Vis Sci 2007 May;48(5):2375-2382 [doi: 10.1167/iovs.06-0759] [Medline: 17460305]

112. Dehdashtian E, Mehrzadi S, Yousefi B, Hosseinzadeh A, Reiter RJ, Safa M, et a. Diabetic retinopathy pathogenesis and
the ameliorating effects of melatonin; involvement of autophagy, inflammation and oxidative stress. Life Sci 2018 Jan
15;193:20-33 [doi: 10.1016/j.1fs.2017.12.001] [Medline: 29203148]

113. Lundmark PO, Pandi-Perumal SR, Srinivasan V, Cardinali DP, Rosenstein RE. Melatonin in the eye: implications for
glaucoma. Exp Eye Res 2007 Jun;84(6):1021-1030 [doi: 10.1016/j.exer.2006.10.018] [Medline: 17174303]

114. Alkozi HA, Navarro G, Franco R, Pintor J. Melatonin and the control of intraocular pressure. Prog Retin Eye Res 2020
Mar;75:100798 [doi: 10.1016/j.preteyeres.2019.100798] [Medline: 31560946]

https://www.researchprotocols.org/2023/1/e49196 JMIR Res Protoc 2023 | vol. 12 | 49196 | p. 17

(page number not for citation purposes)


http://dx.doi.org/10.1093/jmt/49.2.205
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26753218&dopt=Abstract
http://dx.doi.org/10.1136/thoraxjnl-2018-211959
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30100576&dopt=Abstract
https://europepmc.org/abstract/MED/33529449
https://europepmc.org/abstract/MED/33529449
http://dx.doi.org/10.1111/jsr.13276
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33529449&dopt=Abstract
http://dx.doi.org/10.1183/1393003.congress-2017.pa330
http://dx.doi.org/10.1016/j.trac.2019.115781
https://dx.plos.org/10.1371/journal.pone.0169114
http://dx.doi.org/10.1371/journal.pone.0169114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28045969&dopt=Abstract
http://dx.doi.org/10.1093/sleep/17.7.638
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7846463&dopt=Abstract
http://dx.doi.org/10.1093/sleep/19.5.423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8843534&dopt=Abstract
http://dx.doi.org/10.1093/sleep/18.7.598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8552931&dopt=Abstract
https://nutritionj.biomedcentral.com/articles/10.1186/1475-2891-13-106
http://dx.doi.org/10.1186/1475-2891-13-106
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25380732&dopt=Abstract
http://dx.doi.org/10.1038/214919a0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6054984&dopt=Abstract
https://europepmc.org/abstract/MED/24179293
http://dx.doi.org/10.5665/sleep.3110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24179293&dopt=Abstract
http://dx.doi.org/10.1080/00273171.2020.1738207
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32207638&dopt=Abstract
https://europepmc.org/abstract/MED/34229896
http://dx.doi.org/10.1016/j.arcmed.2021.06.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34229896&dopt=Abstract
https://journals.physiology.org/doi/10.1152/japplphysiol.01413.2009?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1152/japplphysiol.01413.2009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21164152&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/0042-6989(96)00068-5
http://dx.doi.org/10.1016/0042-6989(96)00068-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8977000&dopt=Abstract
http://dx.doi.org/10.1016/s0161-6420(01)00854-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11772598&dopt=Abstract
http://dx.doi.org/10.1167/iovs.06-0759
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17460305&dopt=Abstract
http://dx.doi.org/10.1016/j.lfs.2017.12.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29203148&dopt=Abstract
http://dx.doi.org/10.1016/j.exer.2006.10.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17174303&dopt=Abstract
http://dx.doi.org/10.1016/j.preteyeres.2019.100798
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31560946&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Pastor-ldoate et al

115.

116.

117.
118.
119.
120.

121.

122.

Aranda ML, Fleitas MFG, Dieguez H, laguinandi A, Sande PH, Dorfman D, et a. Melatonin as a therapeutic resource for
inflammatory visual diseases. Curr Neuropharmacol 2017;15(7):951-962 [FREE Full text] [doi:

10.2174/1570159X 15666170113122120] [Medline: 28088912]

Liang FQ, Aleman TS, Yang Z, Cideciyan AV, Jacobson SG, Bennett J. Melatonin delays photoreceptor degeneration in
the rds/rds mouse. Neuroreport 2001 Apr 17;12(5):1011-1014 [doi: 10.1097/00001756-200104170-00029] [Medline:
11303736]

Goldstein DS. Catecholamines and stress. Endocr Regul 2003 Jun;37(2):69-80 [Medline: 12932192]

Figueiro MG, ReaMS. The effects of red and blue lights on circadian variationsin cortisol, alpha amylase, and melatonin.
Int J Endocrinol 2010;2010:829351-829359 [FREE Full text] [doi: 10.1155/2010/829351] [Medline: 20652045]

Miller GE, Chen E, Zhou ES. If it goes up, must it come down? Chronic stress and the hypothal ami c-pituitary-adrenocortical
axisin humans. Psychol Bull 2007 Jan;133(1):25-45 [doi: 10.1037/0033-2909.133.1.25] [Medline: 17201569]

Rohleder N, Nater UM. Determinants of salivary alpha-amylase in humans and methodological considerations.
Psychoneuroendocrinology 2009 May;34(4):469-485 [doi: 10.1016/j.psyneuen.2008.12.004] [Medline: 19155141]

Nater UM, Rohleder N. Salivary a pha-amylase as a hon-invasive biomarker for the sympathetic nervous system: current
state of research. Psychoneuroendocrinology 2009 May;34(4):486-496 [doi: 10.1016/j.psyneuen.2009.01.014] [Medline:
19249160]

de Zambotti M, Cellini N, Goldstone A, Colrain IM, Baker FC. Wearable sleep technology in clinical and research settings.
Med Sci Sports Exerc 2019 Jul;51(7):1538-1557 [FREE Full text] [doi: 10.1249/M SS.0000000000001947] [Medline:
30789439

Abbreviations

AEMPS: Spanish Agency of Medicines and Medical Devices
DCM: data monitoring committee

ELISA: enzyme-linked immunosorbent assay

ESS: Epworth Sleepiness Scale

ETC: electron transport chain
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LED: light-emitting diode
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ROS: reactive oxygen species
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RPE: retinal pigment epithelium
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