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Purpose: Light input, via the eyes, is essential for regulating circadian rhythms. Eye
diseases can cause disruption of vital biological rhythms. Of totally blind people, 87%
report sleep problems. There are no UK guidelines for visual disturbance-related
circadian rhythm disruption. Our objective was to systematically review the literature
to determine the effectiveness of pharmacological agents on the sleep quality of
patients with sleep disturbance related to ocular disease.

Methods: We searched CENTRAL, MEDLINE, EMBASE, PsycINFO, and CINAHL
alongside protocol registries and citation searches. We assessed the risk of bias
using the Cochrane Risk of Bias Assessment Tool and assessed the strength of overall
evidence using GRADE criteria.

Results: Four studies (n=116) met the inclusion criteria. Low-quality evidence showed
that melatonin can cause entrainment (1 study), increases in total sleep time (all 3
studies), and reduction in sleep latency (1 study). Low-to-moderate quality evidence
showed tasimelteon causes a significant improvement in entrainment, midpoint of
sleep timing, lower-quartile of night-time sleep, and upper-quartile of daytime sleep.

Conclusions: Results should be treated with caution as the melatonin studies had
risks of bias due to inadequate reporting of randomization and masking procedures.
The tasimelteon trial had a risk of reporting bias due to changing the outcomes after
enrolling participants. Despite the paucity of trials, melatonin and tasimelteon may
cause entrainment and improve subjective sleep measures with limited side effects.

Translational Relevance: Given the relative cost melatonin may be a viable choice
for treatment of circadian rhythm sleep disorders in the blind and warrants further
research.

depression, and cognitive impairment® and therefore
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Introduction

Of blind people, 87% report at least one sleep
problem,' compared with 30% of sighted people,” and
sleep—wake disruption is frequently reported as a
significant side-effect of visual impairment.® Sleep is
essential for maintaining good health. Severe sleep
disturbance is associated with cardiovascular prob-
lems, type II diabetes, immunosuppression, cancer,

has a significant economic impact.’

The suprachiasmatic nucleus (SCN) regulates 24-
hour physiological cycles such as sleep—wake cycles.
As the circadian period (t) of the SCN is typically
longer than 24 hours (23.8-25.1 hours)® the SCN
requires synchronization (entrainment) to the Earth’s
24-hour light—dark cycle via input from circadian time
cues (zeitgebers). The most powerful zeitgeber is light
exposure, through photosensitive retinal ganglion
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cells (pRGC), which express the photopigment
melanopsin. Depending on timing, light exposure
causes phase advances (earlier sleep onset) or phase
delays (later sleep onset). Misalignment between the
external 24-hour environment and the endogenous
circadian timing causes circadian rhythm sleep
disorders (CRSD).

Exogenous melatonin has been reported to be able
to re-entrain blind patients in nonrandomized trials,
and case reports’ '* and is the current treatment of
choice for CRSD in the blind."* Ramelteon (Rozer-
em; Takeda Pharmaceuticals North America, Inc.,
Deerfield, IL), the first FDA-approved melatonin
agonist,'* has been shown to phase shift circadian
rhythms in sighted individuals.'> Tasimelteon (Vanda
Pharmaceuticals, Washington, DC), a melatonin
agonist, has received FDA'® and European Medicines
Agency (EMA)'" approval for treatment of CRSD in
blind patients. Caffeine has been shown to phase shift
circadian rhythms in humans,'® animal,'® and plant
models® (Table 1).

This review summarizes the evidence of phase-
shifting pharmacological agents’ effects on the sleep
quality of patients with CRSD related to ocular
disease in order to guide clinicians and future
research.

We conducted this systematic review according to
PRISMA guidelines.” We included published and
unpublished randomized controlled trials (RCT) and
crossover trials, involving participants with ocular
disease or anophthalmia, comparing the use of a
phase-shifting pharmaceutical agent against any
comparator. The primary outcome was any validated
or unvalidated measures of quantity and/or quality of
sleep. The secondary outcome was reported adverse
events (AE).

We identified studies through electronic searches of
the Cochrane Central Register of Controlled Trials,
MEDLINE, Embase, PsycINFO, and CINAHL from
inception until September 2, 2017. Core key words
searched were the following: “blindness,” “circadian
rhythm sleep disorder,” “melatonin,” “caffeine,” “ta-
simelteon,” and “ramelteon.” The full search strategies
are presented in Supplementary File S1. Due to
resource limitations, we excluded non-English lan-
guage papers. We identified additional trials through
bibliographic searches. We searched www.clinicaltrials.
gov, the International Standard Randomized Con-
trolled Trial Number (ISRCTN) registry, and the

World Health Organization International Clinical
Trials Registry Platform for relevant ongoing studies
and http://www.opengrey.eu for gray literature.

We extracted data using a customized form
(Supplementary File S2). Key information extracted
from each paper included details of study design,
setting, dates of study, location, number of centers
and number of withdrawals, baseline participant
characteristics, details of intervention and comparison
agents (e.g., dosage and timing), types of assessment
tools, methods of data synthesis, and length of follow-
up. For studies with multiple publications, we
extracted data from the publication with the most
mature data.

We assessed study quality, limitations, and
potential bias using the Cochrane Risk of bias tool*’
and used the GRADE approach® to provide an
overall assessment of evidence related to study
outcomes (for RCT the initial quality of evidence is
rated as high and this rating can be lowered
depending on risk of bias, inconsistency, indirect-
ness, imprecision, or publication bias, or raised
depending on effect size, dose response, and han-
dling of plausible confounding). We aimed to
perform meta-analyses using the Cochrane Review
Manager software’’ where a sufficient number of
homogeneous studies were available, or to perform a
narrative review.

We identified 1199 unique studies. After screening
titles and abstracts, we reviewed 14 full-text articles.
No trials of caffeine or ramelteon were identified.
Three trials using melatonin (7 = 32 subjects) and one
trial using tasimelteon (n = 84 subjects) were included
(Supplementary File S3). Their findings are summa-
rized in Table 2.

GRADE Assessment

Using the GRADE approach (Tables 3, 4) the
quality of evidence for each of the outcomes for
melatonin was considered low. The quality of
evidence for tasimelteon was considered either low
or moderate. It should be noted that none of the trials
included in this review used any validated sleep
questionnaires.

Bias

The risk of bias in all three melatonin studies was
generally unclear due to incomplete reporting of
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Table 1. Current Evidence for Phase-Shifting Therapies

Intervention

What We Already Know

Exogenous
melatonin

Ramelteon

Tasimelteon

Caffeine

Exogenous melatonin was first demonstrated as having phase-shifting effects in 1984 and
since then daily administration of exogenous melatonin has been shown to cause re-
entrainment in blind patients.””'* Exogenous melatonin has been described as the
current treatment of choice for non-24-hour sleep-wake disorder in the blind.?' Several
low-quality investigations compared melatonin with placebo in single masked,
nonrandomized trials with small sample sizes (5-10 participants) of blind
participants.'%'%%2

Sack et al.?? demonstrated melatonin inducing a phase advancement in four of five
participants, with an average cumulative phase advancement of 8.41 hours but no
participants were entrained. Melatonin treatment was restricted to 21 days so
participants were not treated for a full circadian beat.

Lockley et al.'® was the first study to demonstrate entrainment by melatonin in blind
patients, with entrainment achieved in four of seven participants. They found that the
participants who initiated melatonin in the advance phase of the melatonin phase
response curve (PRC) entrained and the participants who initiated melatonin in the delay
phase of the PRC did not entrain.

Hack et al.'? reported six of 10 participants entrained with melatonin. Entrainment was
more likely when melatonin treatment was initiated in the advance phase of the PRC.
They demonstrated that melatonin can entrain individuals when administered in the
delay phase of the PRC if treatment is continued for a sufficient length of time. The use
of subjective reporting measures increased the likelihood of bias due to inaccurate
reporting.

Ramelteon (Rozerem) is the first FDA-approved melatonin receptor agonist.'* It has been
shown to advance the phase of circadian rhythms in healthy individuals'> and several
randomized controlled trials have shown it can significantly reduce the latency to sleep
time in primary insomnia in sighted individuals.”>~*° However, there is a lack of trials
investigating ramelteon in CRSD related to ocular disease.

Tasimelteon (Hetlioz) is a selective agonist for melatonin and has received FDA'® and
EMA'’ approval for treatment of CRSD in blind patients. However, due to cost its use is
limited. Currently, tasimelteon and ramelteon appear to be the only melatonin agonists
that have been reported in CRSD related to ocular disease.

Although not usually considered as a treatment for CRSD, caffeine has been shown to alter
the phase of circadian rhythms in animal'® and plant models.”° Caffeine has been shown
to be able to delay melatonin rhythms in a double-blind, placebo-controlled trial of
sighted humans.'® The largest trial of caffeine in nonentrained blind participants
investigated just three blind participants comparing a placebo run in to a 150-mg dose
of caffeine. It found that while the morning administration of caffeine can mitigate some
of the negative impact of nonentrained rhythms (i.e., poor daytime alertness and poor
mood) it does not appear to address the underlying circadian disorder.?” However, this
trial was clearly underpowered. It is unclear what effect different doses of caffeine would
have, or the effect of administration at different circadian phases.

randomization and masking procedures for assessors between October 25, 2010 and October 29, 2012 then
and masking procedures for participants and person- modifying their primary endpoint in May 2012 from
nel in Roth 2015* and Fischer 2003.>? Lockley 2015°*  total sleep time (TST) to entrainment of circadian
was considered to have a high risk of bias due to rhythms, but was otherwise considered to have low
selective reporting, as they enrolled participants risk of bias (Fig.).
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Table 2. Quality Rating of the Included Trials

Primary
Efficacy Measure

Duration of

Source Sample Size Intervention Treatment
Sack et 7 (for entrainment), Crossover trial of 10 mg 0.5 circadian beats®

al.? 6 (for all other melatonin vs. placebo

measures)

Fischer 12 Crossover trial of 5 mg 1 night

et al.*? melatonin vs. placebo
Roth et 13 RCT of 2 mg melatonin 6 weeks

al.*? vs. placebo
Lockley 84 RCT of 20 mg 2.5 circadian beats® or 6

et al.* tasimelteon vs. placebo  mo (whichever is shorter).

Entrainment

Total sleep time

Change in total sleep
time from baseline
to end of treatment

Proportion of entrained
patients (aMT6s)

4 AM to 4 AM).
® P value not specified.

Table 2. Extended

@ The time taken to complete one full 24-hour cycle of circadian phase (e.g., the time taken for aMT6s’ peak to cycle from

phase 165.9 = 71.8 min (P = 0.05).
et al>? Sleep efficiency: melatonin 85% + 2.0; placebo 68 + 7.0 (P < 0.05)

26.89 min (P < 0.05)

(Cohen’s d = 0.82, P = 0.13)
0.13)
0.82)°

Change in sleep onset: melatonin —0.133 h; placebo 0.000 h®
Change in sleep offset: melatonin —0.617 h; placebo 0.133 h?

Quality
Source Findings Rating
Sack et Entrainment: melatonin 6/7; placebo 0/7 (P < 0.001). 1B
al’ Mean circadian period: melatonin phase 24.0 = 0.1 h; placebo phase 244 = 02 h (P <
0.01)

Total sleep time: melatonin phase 382.6 + 60.0 min placebo phase 309.4 * 91.6 min®
Sleep latency: melatonin phase 10.5 = 6.6 min; placebo phase 13.7 = 11.0 min
Sleep efficiency: melatonin phase 79.5% = 12.5; placebo phase 62.8% = 16.7 (P = 0.06).
Time spent awake after the onset of sleep: melatonin phase 88.4 * 61.2 min; placebo

b

Fischer Total sleep time: melatonin 403.77 = 13.10 min; placebo 313.95 = 31.99 min (P < 0.05) 1B
Time spent awake after sleep onset: melatonin 41.14 = 10.32 min; placebo 96.05 *

Roth et Change in total sleep time: melatonin 0.72 * 0.699 h; placebo 0.27 * 0.449 h (P = 0.18) 1B
al.>’? Change in sleep latency: melatonin —0.48 + 0.765 h; placebo —0.001 + 0.314 h

Change in sleep latency: melatonin —0.48 = 0.765 h; placebo —0.001 = 0.314 h (P =

Change in duration of daytime naps: melatonin —0.217 h; placebo 0.033 h (Cohen’s d =

translational vision science & technology

Lockley  Entrainment: tasimelteon 8/40; placebo 1/38 (P = 0.017). 1B
et al>* LQ-nTST: tasimelteon 56.80; placebo 17.08 (P = 0.006).
UQ-dTST: tasimelteon —46.68; placebo —17.87 (P = 0.005).
MoST: tasimelteon 35; placebo 14.48 (P = 0.012).
CGI-C: tasimelteon 2.6; placebo 3.4 (P = 0.009).
4 TVST | 2019 | Vol. 8 | No. 3 | Article 49
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Table 3.  Summary of the GRADE Evidence Ratings of the Melatonin Trials
Melatonin compared with Placebo for CRSD related to visual impairment
Patient or Population: Perceptively Blind Patients With CRSD
Intervention: Melatonin
Comparison: Placebo
N of Quiality of
Participants the Evidence
Outcomes (studies) (GRADE) Comments
Entrainment of circadian 7 (1) SIS One small crossover trial” with inadequately described
rhythm (melatonin) low masking and allocation and poorly defined outcome.
Total sleep time 32 (3) ®®OS  One small RCT*? and two crossover trials®>? all with
low inadequately described masking and allocation. All
trials showed general agreement.
Sleep efficiency 19 (2) ®®6S  One small RCT*? and one crossover trial” with masking
low and allocation problems. Both showed general
agreement.
Sleep latency 32 (3) ®®OS  One small RCT*® and two crossover trials®>? with
low masking and allocation problems. All showed general
agreement.
Wake 19 (2) ®®S6  One small RCT*? and one small crossover trial® with
low masking and allocation problems. Both showed
general agreement.
Table 4. Summary of the GRADE Evidence Ratings of the Tasimelteon Trial
Tasimelteon compared with Placebo for CRSD related to visual impairment
Patient or Population: Perceptively Blind Patients With CRSD
Intervention: Tasimelteon*
Comparison: Placebo
| N of Quality of
0 Participants the Evidence
% Outcomes (studies) (GRADE) Comments
C  Entrainment of circadian 84 (1) @Pee  One RCT with suitable masking and allocation. Endpoint
% rhythm (melatonin) Low was changed after some participants had been
9 enrolled. Precision may be an issue due to sample
o3 size.
@ Entrainment of circadian 84 (1) @Poe  One RCT with suitable masking and allocation. Endpoint
8 rhythm (cortisol) Low was changed after some participants had been
o enrolled. Precision may be an issue due to sample
3 size.
— LQ-nTST 84 (1) BP®S  One RCT with suitable masking and allocation. Precision
O Moderate may be an issue due to sample size.
%) UQ-dTST 84 (1) EP®S  One RCT with suitable masking and allocation. Precision
— Moderate may be an issue due to sample size.
g MoST 84 (1) SP®S  One RCT with suitable masking and allocation. Precision
O Moderate may be an issue due to sample size.
* calC 84 (1) ®POS  One RCT with suitable masking and allocation. Endpoint
v Low was changed after all participants had been enrolled.
% Precision may be an issue due to sample size.
S
)

5 TVST | 2019 | Vol. 8 | No. 3 | Article 49

Downloaded from tvst.arvojournals.org on 07/17/2019



translational vision science & technology

Andrews et al.

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

‘ ‘ ‘ ' Incomplete outcome data (attrition bias)

Random sequence generation (selection bias)

~ ‘ - | Allocation concealment (selection bias)

~ . . - | Selective reporting (reporting bias)

(%]

@®

£

)

=

(@]

Fischer 2003 | (2 2 |2 .

Lockley 2015 | @ ® e ?

Roth 2015 | (2 ? |2 +

sack2000 | @ | @ | @| @ e
Figure. Risk of bias summary: review author’s judgments about

methodologic quality for each included study.

Melatonin

All three melatonin studies excluded patients with
perception of light. Two were crossover trials where,
due to the same participants being used in both
treatment groups, the results in each treatment arm
are related to each other. Therefore, inclusion of these
trials in a meta-analysis (using RevMan) would result
in a biased estimate of the standard error of the
summary statistic.”> There was not sufficient infor-
mation reported to extract data from before the
crossover period; therefore, we reported results as a
narrative synthesis.

Sack et al.” compared 10 mg melatonin with
placebo in a crossover trial. Due to incomplete data
collection in the placebo phase, one of seven
participants was excluded from all analysis other
than entrainment. Despite the lack of an objective

definition of entrainment their conclusion of entrain-
ment in six of seven participants is reasonable as the
mean t of 24.0 = 0.1 hours during the melatonin
treatment was significantly different (P < 0.01) from
the mean t during the placebo treatment (24.4 = 0.2
hours) and was not significantly different from 24.0
hours (P =0.12). Secondary outcomes were measured
by polysomnography (PSG). Nonstatistically signifi-
cant improvements in TST (382.6 = 60.0 vs. 309.4 =
91.6 minutes) and sleep latency (10.5 £ 6.6 vs. 13.7
+11.0 minutes) were found in the melatonin phase.
The increase in sleep efficiency (TST divided by total
time in bed) in the melatonin phase was approaching
significance (79.5 £ 12.5% vs. 62.8 £ 16.7%, P =
0.06) and wake (the time spent awake after sleep
onset) was significantly lower in the melatonin phase
(88.4 = 61.2 vs. 165.9 £ 71.8 minutes, P = 0.05).

Fischer et al.*> compared 5 mg melatonin with
placebo in a crossover trial. All 12 participants had
self-reported recurrent daytime sleepiness and insom-
nia and no perception of light (NPL; defined as no
clinically elicitable perception of light using the
normal clinical process of shining a flashlight toward
the eye from 4 directions of a quadrant) due to
damage of the retina and/or the tractus retinohypo-
thalamicus. A single dose of the study treatment was
taken at 10 PM for a single night with a washout
period of at least 1 week between treatments.
Participants were allowed to sleep between 11 PM
and 6:30 AM. PSG was used to measure outcomes.
Melatonin significantly improved TST (403.77 =
13.10 vs. 313.95 = 31.99 minutes), sleep efficiency
(85 = 2.0% vs. 68 = 7.0%), and reduced wake (41.14
+ 10.32 vs. 96.05 = 26.89 minutes).

Roth et al.*® compared 2 mg melatonin with
placebo in a RCT. All 13 participants self-reported
delay of sleep onset and offset and fewer than 6 hours
sleep per night for at least 6 weeks. Total loss of outer
retinal photosensitivity was confirmed by electroret-
inography. Treatment (5 melatonin, 8 placebo) was
taken between 9 PM and 10 PM for 6 weeks. Sleep
was allowed between 11 PM and 7 AM. Sleep
measures were self-reported via interactive voice
reporting system (IVRS) each morning. Despite large
effect sizes of melatonin reported for ATST (Cohen’s
d=10.82) and sleep latency (d=0.92), the change from
baseline to end of treatment (ATST: 43.2 = 41.9
minutes [95% CI. —8.4 to 954] vs. 16.2 = 269
minutes [95% CI: —6.6 to 38.4], latency —28.8 *+ 45.9
minutes [95% CI: —85.8 to 27.6] vs. —0.06 = 18.8
minutes [95% CI. —15.6 to 15.6], onset [§ vs. 0
minutes, SD not reported] / offset time [-37 vs. 8
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minutes, SD not reported], duration of daytime naps
[-13 vs. 2 minutes, SD not reported]) were not
statistically significant.

All three trials investigated different doses of
melatonin (10, 5, and 2 mg). Due to small sample sizes
(n = 7-13), all three studies were most likely under-
powered to detect significant effects on sleep charac-
teristics. While all three studies found a clinically
significant (>20 minutes™) increase in mean TST with
melatonin (43 minutes, Roth et al.**; 73 minutes, Sack
et al.,” and 90 minutes, Fischer et al.*?) this was only
statistically significant in Fischer et al.*?

Sleep efficiency was significantly improved in
Fischer et al.,*” approaching significance in Sack et
al.” (P=0.06) and was not investigated in Roth et al.*’
The baseline sleep latency was not abnormally delayed
(defined as >39 minutes?) in Fischer et al.>? or Sack et
al.,” which may explain why they did not find a
clinically or statistically significant change. Roth et al.*”
did not find a statistically significant change but found
a large effect size (d = 0.92). Wake was significantly
decreased in Fischer et al.** and Sack et al.” but was not
measured as an outcome in Roth et al.*

Tasimelteon

One RCT comparing 20 mg tasimelteon with
placebo of tasimelteon®® met the inclusion criteria.
All 84 participants (42 placebo, 42 tasimelteon) had
free-running circadian rhythms defined as a t above
24.25 hours as determined by urinary aMTo6s. Total
loss of visual function was not confirmed with
electrophysiology. Treatment was initiated when
participants’ urinary melatonin was predicted to peak
(by extrapolation of 1) 3.5 hours before the end of
their 9-hour sleep window. Circadian periods were
calculated from urine samples collected sequentially
at home every 4 hours (8-10 hours overnight) for 48
hours weekly for a minimum of 4 weeks. Participants
took the study drug 1 hour before their chosen
bedtime (between 9 PM and 1 AM) and kept a fixed
9-hour window for potential sleep. Night- and
daytime logs were completed via IVRS.

Tasimelteon had a significant effect on entrain-
ment of circadian rhythm, assessed from urinary
melatonin rhythms as follows: eight of 40 (20%) of the
tasimelteon group entrained compared with one of 38
(3%) of the placebo group (P = 0.0171; 95% CI =
3.2%-31.6%). Tasimelteon caused a significant im-
provement in measures of sleep architecture as
follows: lower quartile of treatment nights (LQ-
nTST), upper quartile of treatment days (UQ-dTST),
midpoint of sleep timing (MoST), as well as Clinical

Global Impression of Change (CGI-C; a Likert scale
from 1 [very much improved] to 7 [very much worse])
with mean change (95% CI) of 39.71 (12.16-67.27),
—28.61 (—48.26 to 8.97), 20.52 (4.61-36.42) and —0.8
(—1.4 to —0.2), respectively.

Adverse Events

Neither Sack et al.” nor Fischer et al.*” reported any
AEs. Roth et al.** reported one mild AE in the
melatonin group and two mild AEs in the placebo
group (the exact nature of AEs was not reported), no
serious AEs and no clinically significant changes in
vital signs, physical examinations, hematology, blood
biochemistry, or urinalysis parameters. Lockley et al.**
reported more frequent AEs in tasimelteon compared
with placebo as follows: headaches 17% versus 7%,
increased alanine amino transferase concentration 10%
versus 5%, abnormal dreams 10% versus 0%, urinary
tract infection 7% versus 2%, and upper respiratory
tract infection 7% versus 0%.

Discussion

To our knowledge, this is the first systematic
review of pharmacological treatments for CRSD
related to ocular disease. Ramelteon has been shown
to advance the phase of endogenous circadian rhythm
in sighted participants,'” however, we did not identify
any trials of ramelteon in a population with visual
impairment. No RCT of caffeine were identified. The
quality of evidence for each of the outcomes for
melatonin was considered low. The quality of
evidence for tasimelteon outcomes were considered
either low or moderate. No validated sleep question-
naires were used in any of the included trials.

Circadian phase may remain ‘reset’ after discon-
tinuing melatonin,*® raising the possibility of cross-
over effects in the two crossover trials of mela-
tonin.”? Sack et al.” found no significant crossover
effect using analysis of variance. Fischer et al.** did
not test for crossover effect.

Crossover trials must also account for mismatch-
ing of melatonin phase. For example, a patient with a
T of 24.5 hours with a melatonin onset at 10 PM
would have shifted to a melatonin onset at 1:30 AM
after a week, and would therefore have reduced TST
and sleep efficiency. Sack et al.” accounted for this by
initiating treatment when the participants’ plasma
melatonin concentration rose above 10 pg/mL at 9
PM. Fischer et al.*” did not account for matching of
melatonin phase.
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Entrainment may be strongly affected by the phase
at treatment initiation.'>*” Sack et al.” and Lockley et
al.** both initiated treatment in the advance phase.
Neither Fischer et al.*? nor Roth et al.*® had
entrainment as an outcome.

Treatment duration is similarly vital.'* A patient on
placebo for 2.5 beats whose acrophase at treatment
initiation was 3:30 AM would have their acrophase at
3:30 PM at census leading to worse characteristics of
sleep. Since Lockley et al.** treated for 2.5 beats or 6
months (whichever is shorter) duration may be
imbalanced between treatment groups. Roth et al.’
was at risk of confounding as their treatment duration
of 2 weeks did not account for circadian period. Sack
et al.” continued treatment for half a beat but as it was
a crossover trial the measurements were consistent
between treatment phases. As Fischer et al.*> used a
single dose of IMP there was no risk of confounding
due to treatment duration.

The nonvisual pRGC may still be functional, even
when ocular disease leads to blindness, which can still
allow circadian entrainment.” Indeed, the impact of
the different ocular diseases on pRGC integrity and
subsequent sleep quality or circadian biology is unclear.
Ideally, the impact of ocular diseases on the function of
pRGC should be directly measured and correlated to
the level of sleep disruption. More research is needed to
understand both the causes and possible treatments for
CRSD related to ocular disease.

The evidence for melatonin treatment for CRSD is
weak due to small sample sizes of current studies and
methodologic issues. The outcome of entrainment was
only measured in one trial involving seven patients,
although entrainment was not specifically defined, the
entrainment of six of seven participants is consistent
with nonrandomized trials, where all participants who
initiated treatment in the advance phase entrained.'*'”
As entrainment is an objective measure it is less likely
to be biased by potential inadequacies in randomiza-
tion and masking. All three melatonin studies included
measures of total sleep time and sleep latency. Sack et
al.” and Fischer et al.’>? both used the most robust
measure of PSG, whereas, Roth et al.>® used self-
reported measures that are more prone to bias from
inadequacies in randomization and masking. However,
the general trend for increased total sleep and reduced
sleep latency supports the findings of a nonrandomized
trial of 10 participants with NPL."?

Despite the low quality of evidence, given the
minimal side effects of melatonin, it seems reasonable
to conclude that it could be a cost-effective choice for
free-running CRSD related to visual impairment due

to its potential to increase the total sleep time, sleep
efficiency, and ultimately cause entrainment.

Tasimelteon is a selective melatonin agonist.
However, taking into account the high cost point of
tasimelteon, and given that the potential for melato-
nin to entrain blind participants with free-running
circadian rhythms was first reported in a clinical trial
in 2000'" it is perhaps surprising that tasimelteon
gained FDA'® approval without direct comparison to
melatonin. As non—24-hour sleep—wake disorder (i.e.,
CRSD related to visual impairment) was considered a
novel indication FDA approval®* was granted based
exclusively on the SET and RESET™ trials (both of
which compared tasimelteon with placebo). However,
the endpoint of entrainment was not accepted by the
FDA as it was considered an unvalidated surrogate.
Instead their decision was based on the endpoints of
nTST, LQ-nTST, dTSD, UQ-DTSD, CGI-C, and
MoST,*” which were viewed as clinically important
measures of the duration of night-time sleep and
daytime naps. Despite a high risk of reporting bias
(Fig.), due to a change in outcomes after participants
had been recruited, the overall study design was
robust enough to provide low-quality evidence to
show the effectiveness of tasimelteon to entrain free-
running circadian rhythms.”* However, these partic-
ipants self-reported as totally blind, and thus may
have had functioning retina.

Strengths

To our knowledge this is the first systematic review
to specifically target the relatively unexplored area of
CRSD related to visual impairment. Following the
prespecified protocol (Supplementary File S4), we
comprehensively searched multiple journal databases,
gray literature databases, and hand-searched citations
using clear inclusion and exclusion criteria. We used
the Cochrane risk of bias assessment and GRADE to
assess the quality of studies.

Limitations

The decision to exclude clinical trials that were not
reported in English may have introduced bias and
reduced the precision of estimates of treatment effects.
However, the effect of excluding trials not reported in
English is generally minimal.*’

Only small sample sizes were reported in these
studies. Therefore, they may have been underpowered
to find a significant treatment effect. The only trial to
report a sample size calculation ran their trial as a
pilot study due to lack of available participants.
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Conclusions

There are no current NICE guidelines regarding
the treatment of CRSD in visual impairment. This
group of patients have not only visual loss but CRSD,
which has a significant impact on quality of life. This
review shows that melatonin and tasimelteon may be
effective in improving subjective measures of sleep
and ultimately causing entrainment. Despite no head
to head trial with melatonin, tasimelteon has already
received FDA and EMA approval for the treatment
of non-24-hour sleep—wake disorder but at
US$102,000 per patient per year is prohibitively
expensive. As melatonin may be as effective, with
fewer side effects and, at £185 per patient per year,*' a
far more financially viable alternative, melatonin
should be considered as the treatment of choice but
further trials are required to establish this.
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