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ABSTRACT

Background

Sleep disturbances, including reduced nocturnal sleep time, sleep fragmentation, nocturnal wandering, and daytime sleepiness
are common clinical problems in dementia, and are associated with significant caregiver distress, increased healthcare costs, and
institutionalisation. Drug treatment is often sought to alleviate these problems, but there is significant uncertainty about the efficacy and
adverse effects of the various hypnotic drugs in this vulnerable population.

Objectives

To assess the effects, including common adverse effects, of any drug treatment versus placebo for sleep disorders in people with dementia,
through identification and analysis of all relevant randomised controlled trials (RCTSs).

Search methods

We searched ALOIS (www.medicine.ox.ac.uk/alois), the Cochrane Dementia and Cognitive Improvement Group's Specialized Register, in
March 2013 and again in March 2016, using the terms: sleep, insomnia, circadian, hypersomnia, parasomnia, somnolence, rest-activity,
sundowning.

Selection criteria

We included RCTs that compared a drug with placebo, and that had the primary aim of improving sleep in people with dementia who had
an identified sleep disturbance at baseline. Trials could also include non-pharmacological interventions, as long as both drug and placebo
groups had the same exposure to them.

Data collection and analysis

Two review authors independently extracted data on study design, risk of bias, and results from the included study reports. We obtained
additional information from study authors where necessary. We used the mean difference as the measure of treatment effect, and where
possible, synthesized results using a fixed-effect model.

Main results

We found six RCTs eligible for inclusion for three drugs: melatonin (222 participants, four studies, but only two yielded data on our primary
sleep outcomes suitable for meta-analysis), trazodone (30 participants, one study), and ramelteon (74 participants, one study, no peer-
reviewed publication, limited information available).

The participants in the trazodone study and almost all participants in the melatonin studies had moderate-to-severe dementia due to
Alzheimer's disease (AD); those in the ramelteon study had mild-to-moderate AD. Participants had a variety of common sleep problems
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at baseline. All primary sleep outcomes were measured using actigraphy. In one study of melatonin, drug treatment was combined with
morning bright light therapy. Only two studies made a systematic assessment of adverse effects. Overall, the evidence was at low risk of
bias, although there were areas of incomplete reporting, some problems with participant attrition, related largely to poor tolerance of
actigraphy and technical difficulties, and a high risk of selective reporting in one trial that contributed very few participants. The risk of
bias in the ramelteon study was unclear due to incomplete reporting.

We found no evidence that melatonin, at doses up to 10 mg, improved any major sleep outcome over 8 to 10 weeks in patients with AD
who were identified as having a sleep disturbance. We were able to synthesize data for two of our primary sleep outcomes: total nocturnal
sleep time (mean difference (MD) 10.68 minutes, 95% Cl -16.22 to 37.59; N = 184; two studies), and the ratio of daytime sleep to night-time
sleep (MD -0.13, 95% CI -0.29 to 0.03; N = 184; two studies). From single studies, we found no difference between melatonin and placebo
groups for sleep efficiency, time awake after sleep onset, or number of night-time awakenings. From two studies, we found no effect of
melatonin on cognition or performance of activities of daily living (ADL). No serious adverse effects of melatonin were reported in the
included studies. We considered this evidence to be of low quality.

There was low-quality evidence that trazodone 50 mg given at night for two weeks improved total nocturnal sleep time (MD 42.46 minutes,
95% CI 0.9 to 84.0; N = 30; one study), and sleep efficiency (MD 8.53%, 95% Cl 1.9 to 15.1; N = 30; one study) in patients with moderate-to-
severe AD, but it did not affect the amount of time spent awake after sleep onset (MD -20.41, 95% Cl -60.4 to 19.6; N = 30; one study), or
the number of nocturnal awakenings (MD -3.71, 95% ClI -8.2 to 0.8; N = 30; one study). No effect was seen on daytime sleep, cognition, or
ADL. No serious adverse effects of trazodone were reported.

Results from a phase 2 trial investigating ramelteon 8 mg administered at night were available in summary form in a sponsor's synopsis.
Because the data were from a single, small study and reporting was incomplete, we considered this evidence to be of low quality in
general terms. Ramelteon had no effect on total nocturnal sleep time at one week (primary outcome) or eight weeks (end of treatment) in
patients with mild-to-moderate AD. The synopsis reported few significant differences from placebo for any sleep, behavioural, or cognitive
outcomes; none were likely to be of clinical significance. There were no serious adverse effects from ramelteon.

Authors' conclusions

We discovered a distinct lack of evidence to help guide drug treatment of sleep problems in dementia. In particular, we found no RCTs of
many drugs that are widely prescribed for sleep problems in dementia, including the benzodiazepine and non-benzodiazepine hypnotics,
although there is considerable uncertainty about the balance of benefits and risks associated with these common treatments. From the
studies we identified for this review, we found no evidence that melatonin (up to 10mg) helped sleep problems in patients with moderate
to severe dementia due to AD. There was some evidence to support the use of a low dose (50 mg) of trazodone, although a larger trial is
needed to allow a more definitive conclusion to be reached on the balance of risks and benefits. There was no evidence of any effect of
ramelteon on sleep in patients with mild to moderate dementia due to AD. This is an area with a high need for pragmatic trials, particularly
of those drugs that are in common clinical use for sleep problems in dementia. Systematic assessment of adverse effects is essential.

PLAIN LANGUAGE SUMMARY

Medicines for sleep problems in dementia
What difficulties are caused by sleep problems associated with dementia?

People with dementia frequently suffer from sleep disturbances. These can include a reduction in the time spent asleep at night, frequent
wakening after falling asleep, wandering at night, waking early, and sleeping excessively during the day.

These behaviours cause a lot of stress to carers, and may be associated with earlier admission to institutional care for people with dementia.
These behaviours can also be difficult for care-home staff to manage well.

Can medicines help?

Treatment with medicines is often used to try to improve the sleep of people with dementia. Since the source of the sleep problems may
be changes in the brain caused by dementia, it is not clear whether normal sleeping pills are effective for people with dementia, and there
are worries that the medicines could cause significant side effects (harms).

The purpose of this review

In this updated Cochrane review, we tried to identify the benefits and common harms of any medicine used to treat sleep problems in
people with dementia.

Findings of this review

We searched the medical literature up to March 2016 for all randomised trials that compared any medicine used for treating sleep problems
in people with dementia with a fake medicine (placebo). We found six trials (326 participants) that investigated three medicines: melatonin
(four trials), trazodone (one trial), and ramelteon (one trial). The ramelteon trial and one melatonin trial were commercially funded; the
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other trials had non-commercial funding sources. Limited information was available for the ramelteon trial, and it came from the trial's
sponsor. Overall, the evidence was of low quality, meaning that further research is very likely to affect the results.

Participants in the melatonin and trazodone trials almost all had moderate to severe dementia, while those in the ramelteon trial had mild
to moderate dementia.

The four melatonin trials had a total of 222 participants. From the evidence we found, we could be moderately confident that melatonin
did not improve sleep in patients with dementia due to Alzheimer's disease. No serious harms were reported.

The trazodone trial had 30 participants. Because it was so small, we could only have limited confidence in its results. It showed that a low
dose of the sedative anti-depressant trazodone, 50 mg, given at night for two weeks, increased the total time spent asleep each night by
an average of 43 minutes. This medicine improved sleep efficiency (the percentage of time in bed spent sleeping), but had no effect on the
time spent awake after falling asleep, or on the number of times the participants woke up at night. No serious harms were reported.

The ramelteon trial had 74 participants. The limited information available did not provide any evidence that ramelteon was better than
placebo. There were no serious harms caused by ramelteon.

The trials did not report on some of the outcomes which interested us, including quality of life and the impact on carers.
Shortcomings of this review

Although we searched for them, we were unable to find any trials of other sleeping medications that are commonly prescribed to people
with dementia. All of the participants had dementia due to Alzheimer's disease, although sleep problems are also common in other forms
of dementia.

We concluded that there is very little evidence to guide decisions about medicines for sleeping problems in dementia. Any medicine used
should be used cautiously, with a careful assessment of how well it works, and its side effects in individual patients. More trials are needed
toinform medical practice, with a particular need for trials investigating medicines that are commonly used for sleep problems in dementia.
It is essential that trials include careful assessment of side effects.
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Melatonin compared to placebo for sleep disturbances in dementia

Melatonin compared to placebo for sleep disturbances in dementia

Patient or population: sleep disturbances in dementia

Setting: community and long-term care facilities

Intervention: melatonin
Comparison: placebo

Outcomes

Anticipated absolute effects* (95% Cl)

Risk with placebo

Risk with
melatonin

Relative ef- Ne of partici-
fect pants
(95% Cl) (studies)

Quality of the Comments
evidence

(GRADE)

Total nocturnal sleep time
assessed with: actigraphy
follow-up: range 8 weeks to 10 weeks

The mean total nocturnal sleep
time across placebo groups was
397 minutes

The total noc-
turnal sleep
time was, on
average, 10.68
minutes high-
er across the
melatonin
groups (16.22
lower to 37.59
higher)

- 184
(2 RCTs)

ODOO
Low 1,2

Nocturnal time awake after sleep onset

assessed with: actigraphy
follow-up: 8 weeks

The mean nocturnal time
awake after sleep onset in the
placebo group was 156 minutes

The nocturnal
time awake af-
ter sleep onset
was, on aver-
age, 9.08 min-
utes higherin
the melatonin
group (7.51
lower to 25.66
higher)

- 151
(1RCT)

e
Low 1,2

Number of nocturnal awakenings
assessed with: actigraphy
follow-up: 10 weeks

The mean number of noctur-
nal awakenings in the placebo
group was 34

The number
of nocturnal
awakenings
was, on aver-
age, 6 fewerin
the melatonin
group (2.65

(1 RCT)

i)
Low 1,2
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more to 14.65
fewer)

Ratio of daytime to night-time sleep The mean ratio of daytime to The ratio of - 184 ®B00
assessed with: actigraphy night-time sleep across placebo  daytime to (2 RCTs) LOW 1,2
follow-up: range 8 weeks to 10 weeks groups was 0.72 night-time
sleep was, on
average, 0.13
lower across
the melatonin
groups (0.29
lower to 0.03
higher)
Reporting at least one adverse event Assumed risk for the placebo Comparative RR 1.07 151 PO
assessed with: spontaneous patient/carer re- group was risk for the (0.86 t0 1.33) (LRCT) LOwW 12
port melatonin
follow-up: 8 weeks 70 per 100 group was
75 per 100
(60 to 93)
Cognitive function The mean MMSE score across The MMSE score - 162 ®B00 Minimum clin-
assessed with: MMSE, change from baseline. the placebo groups was 14.3 was, on aver- (2 RCTs) LOW234 ically impor-
Scale from: 0 (worse) to 30 age, 0.09 points tant differ-
follow-up: range 8 weeks to 24 weeks higher across enceisun-
the melatonin certain but
groups (0.85 has been es-
lower to 1.03 timated at
higher) 1.4 points
in moder-
ate to severe
AD (Howard
2011).

Caregiver burden - not measured

Not measured

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).

Cl: Confidence interval; RR: Risk ratio; OR: Odds ratio;

GRADE Working Group grades of evidence

High quality: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-

stantially different

Kieaqi (JF)
aueayrory \

‘yyeay 19199
*SUOISII3P pawioju]

SM3IADY J13BWSISAS JO seqeleq auelyd0)

*32UBPINS pashiL



“p¥7 ‘suos 13 A31IM uyor Aq paysiiqnd ‘uoneioqe|jod aueyd0) ay1 9107 @ 3y3uAdod

(maInay) enpuawap ui sadueqanysip dasjs 1oy sardesayjodewseyd

Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

195% Cl includes no effect and a difference likely to be of clinical importance.

2 Small number of participants.

3 One study had high risk of bias but result not downgraded because it contributed very few participants.
4 High level of heterogeneity

Summary of findings 2. Trazodone compared to placebo for sleep disturbances in dementia

Trazodone compared to placebo for sleep disturbances in dementia

Patient or population: sleep disturbances in dementia
Setting: community

Intervention: trazodone

Comparison: placebo

Comments

Outcomes Anticipated absolute effects* (95% ClI) Relative ef- Ne of partici-  Quality of the
fect pants evidence
Risk with placebo Risk with tra- (95% Cl) (studies) (GRADE)
zodone
Total nocturnal sleep time The mean total nocturnal sleep  The total noc- - 30 P00
assessed with: actigraphy time in the placebo group was turnal sleep (1RCT) Low 1,2
follow-up: 2 weeks 281.9 minutes time was, on

average, 42.5
minutes more
in the tra-
zodone group
(0.9 more to 84

more)
Nocturnal time awake after sleep on- The mean nocturnal time The nocturnal - 30 BDOO
set awake after sleep onset in the time awake af- (LRCT) LOW 1,2
assessed with: actigraphy placebo group was 203.4 min- ter sleep on-
follow-up: 2 weeks utes set was, on av-

erage, 20.41

minutes less in
the trazodone
group (60.4 less
to 19.6 more)
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Number of nocturnal awakenings The mean number of noctur- The number - 30 @300
assessed with: actigraphy nal awakenings in the placebo of nocturnal (1RCT) LOwW 1,2
follow-up: 2 weeks group was 26 awakenings
was, on aver-
age, 3.71 few-
erin the tra-
zodone group
(8.2 fewerto 0.8
more)
Daytime total sleep time The mean daytime total sleep The daytime to- - 30 BDOO Ratio of daytime to
assessed with: actigraphy time in the placebo group was tal sleep time (1RCT) LOW 1,2 night-time sleep not
follow-up: 2 weeks 144.7 minutes was, on aver- measured in this study.
age, 5.12 min- Total daytime sleep
utes more in time included as an al-
the trazodone ternative measure of
group (28.2 few- daytime somnolence.
er to 38.4 more)
Reporting at least one adverse event Assumed risk for the placebo Comparative RR0.67 30 &P All adverse events
assessed with: spontaneous pa- group was risk for the tra- (0.23t0 1.89) (LRCT) Low 1,2 were described as
tient/carer report zodone group mild.
follow-up: 2 weeks 40 per 100 was
27 per 100
(9 to 76)
Cogpnitive function The mean MMSE score in the The mean - 30 SDPO Minimum clinically
assessed with: MMSE placebo group was 10.5 MMSE score (1RCT) MODERATE 1 important difference
Scale from: 0 (worse) to 30 was, on aver- is uncertain, but has
follow-up: 2 weeks age, 0.1 high- been estimated at 1.4
erin the tra- points in moderate-to-
zodone group severe AD (Howard
(0.9 lower to 2011).
1.1 higher)

Caregiver burden - not measured

Not measured

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).

Cl: Confidence interval; RR: Risk ratio; OR: Odds ratio;

GRADE Working Group grades of evidence
High quality: We are very confident that the true effect lies close to that of the estimate of the effect
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Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-
stantially different

Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

1Single small study
295% Cl includes no effect and effect likely to be of clinical importance.
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BACKGROUND

Description of the condition

Dementia is a syndrome of global cognitive decline, usually due
to one or more neurodegenerative conditions in old age. The
most frequent subtypes are dementia in Alzheimer's disease (AD),
vascular dementia (VaD) and the related conditions of dementia
with Lewy bodies (DLB) and dementia in Parkinson's disease
(PDD). The dementia syndrome is characterised by progressive
impairmentin multiple cognitive domains and in the ability to carry
out the usual activities of daily life, so that people with dementia
become increasingly dependent on others. Over the course of the
illness, other behavioural and psychological symptoms occur very
frequently. Common among these are apathy, anxiety, agitation,
and sleep disturbances.

Common sleep problems in dementia are increased wakefulness
and fragmented sleep at night, increased sleep latency (time
taken to go to sleep), and increased daytime sleepiness. These
are examples of circadian abnormalities - that is, abnormalities
of 24-hour biological rhythms. In the two-process model of sleep
regulation, the timing of sleep and wakefulness is controlled
by homeostatic sleep pressure, which is the accumulating drive
for sleep during time spent awake, and by the brain's circadian
timekeeping system. Circadian misalignment with the desired
sleep-wake schedule and low amplitude circadian rhythms lead
to mistimed and poorly consolidated bouts of wakefulness and
sleep. Sleep disorders in dementia may be due directly to
neurodegeneration of the sleep-wake circuitry. Consequences of
sleep disruption orinstitutional care, such as artifical light exposure
at night, can also shift the timing of the circadian pacemaker, and
further perpetuate abnormal circadian patterns.

Alzheimer’s disease (AD) is associated with sleep disturbances in
at least 25% to 35% of affected individuals (Dauvilliers 2007). The
sleep problems in AD may result from various factors, including
neuronal loss in the suprachiasmatic nuclei (SCN), decreased
SCN melatonin receptor expression, and other neuropathological
changes to the sleep-wake circuits (Swaab 1985; Van Someren
2000; Vitiello 1991). Changes in sleep architecture that have been
documented in AD include a reduction in stage N3 (slow wave)
sleep, reduced fast spindle activity (a component of stage N2), and
reduced rapid eye movement (REM) sleep. However, the extent to
which these changes are associated with subjective sleep problems
or impaired daytime functioning is not known (Montplaisir 1995;
Montplaisir 1998).

Vascular dementia (VaD) is caused by a variety of cerebrovascular
pathologies. It can be subdivided into cortical, subcortical, and
mixed types. The overall prevalence of sleep disturbances in VaD
is probably similar to that in AD, although one large consecutive
series of patients with AD or VaD found the highest prevalence of
sleep disturbance in the cortical VaD group (Fuh 2005).

Sleep disorders are especially prevalent in DLB and PDD. In a
large multi-centre study, Bliwise 2011 found that patients with DLB
were significantly more likely than those with probable AD to have
nocturnal sleep disturbance on the Neuropsychiatric Inventory
(NPI; odds ratio = 2.93, 95% confidence interval = 2.22 t0 3.86). In a
more fine-grained analysis of the sleep problems of patients with
mild dementia, Rongve 2010 reported that compared to patients
with AD, patients with DLB or PDD had higher rates of all sleep

disorders examined, including insomnia (AD 24%, DLB or PDD
47.2%), and excessive daytime sleepiness (AD 16.7%, DLB or PDD
40.6%). They also had higher rates of a variety of dyssomnias and
parasomnias (REM sleep behaviour disorder (REM-BD), periodic leg
movements of sleep (PLMS), restless legs syndrome (RLS), sleep-
related leg cramps, and obstructive sleep apnoea).

Sleep problems in dementia result in significant caregiver distress,
healthcare costs, and increased rates of institutionalisation
(Donaldson 1998; Gaugler 2000). In a study of behavioural and
psychological symptoms in mid- and late-phase dementia due to
Alzheimer's disease, sleep disturbance was notable as the only
symptom rated by carers as being among the most distressing to
both people with dementia and the carers themselves (Hart 2003).

Description of the intervention

Both pharmacotherapies (drugs) and non-pharmacological
treatments have been used to alleviate sleep problems in
patients with dementia (Cynthia 2009). Non-pharmacological
treatment approaches are an attractive alternative to medical drug
treatments and may have fewer adverse effects. However, studies
of these options, other than bright light treatment, have been
limited (David 2010). They are the subject of another Cochrane
review (in preparation, Wilfling 2015).

Drugs which have been used to manage sleep disorders in patients
with dementia include atypical antipsychotics, benzodiazepines,
other GABAergic drugs (such as zolpidem, zopiclone, and zaleplon),
melatonin, sedating antidepressants, and antihistamines.

Among the hypnotic agents, the most commonly used are the
benzodiazepines and non-benzodiazepine hypnotics, which are
also agonists at the benzodiazepine receptor (the Z-drugs). These
have effects on sleep, but they are also associated with a
considerable number of side effects, including daytime sleepiness,
worsened insomnia after discontinuation (rebound insomnia),
confusion, amnesia, and increased frequency of falling (Closser
1991; Cumming 2003).

Sedating  antidepressants, particularly  trazodone, and
antihistamines are prescribed for sleep problems in patients with
dementia, but have significant potential for similar adverse effects
(Coupland 2011; Oderda 2012).

Antipsychotics with sedative effects, such as quetiapine or
olanzapine, may also sometimes be given to dementia patients
with disturbed sleep, especially if accompanied by agitated
behaviour at night, but their use in dementia has been linked
with serious adverse events including increased mortality, and they
are not recommended except in situations of very high risk. The
anti-cholinergic effects of a number of these drugs may lead to
worsened cognition.

Melatonin and melatonin-receptor agonists, such as ramelteon,
are used to treat insomnia in healthy people, and there has
been considerable interest in their use in patients with dementia.
Melatonin is categorized as a dietary supplement in the USA, but
in Europe, a sustained-release form is licensed as a medicine for
the short-term treatment (up to 13 weeks) of primary insomnia in
adults aged 55 and over, at a dose of 2 mg each night. Ramelteon
has a license in the USA for the long-term treatment of sleep-onset
insomnia.

Pharmacotherapies for sleep disturbances in dementia (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.


http://www.archie.cochrane.org/sections/documents/viewDiff?documentPK=92956709405094044479100616113801%26versionPK1=85957571808231095404110306163450%26versionPK2=90929321487672058583110403123730#REF-Cynthia-2009

Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

How the intervention might work

Drugs that are used to treat sleep disturbances work in a
variety of ways. The particular disease processes underlying sleep
disturbances in dementia may render some of these more or less
effective in people with dementia than in neurologically healthy
people.

There is some evidence that sleep itself may contribute to keeping
in step with the circadian pacemaker (Buxton 2000). Hence,
interventions to improve sleep at night may also improve circadian
timing and potentially minimize other circadian symptoms such as
sundowning, which is a phenomenon of increased motor activity
and agitation in the late afternoon or evening.

Why it is important to do this review

Sleep problems in people with dementia are common, and are
associated with high burdens to carers and to healthcare and
social support systems. However, consensus on the safest and most
effective ways to manage them is lacking. The aim of this review
was to identify and appraise evidence from randomised controlled
trials of drug treatments for sleep problems in dementia to inform
clinical practice and to identify research needs. This version of the
review updates the previous version published in 2014.

OBJECTIVES

To assess the effects, including common adverse effects, of any
drug treatment versus placebo for sleep disorders in people
with dementia, through identification and analysis of all relevant
randomised controlled trials (RCTs).

METHODS

Criteria for considering studies for this review
Types of studies

We included all relevant randomised placebo-controlled trials,
including cross-over trials. We excluded quasi-randomised trials
from the review.

Types of participants

We included people who had both: (a) dementia of any sub-type,
diagnosed using any well-validated criteria, such as the Diagnostic
and Statistical Manual (DSM) or International Classification of
Disease (ICD) criteria current at the time of the study, and (b) a sleep
problem identified on the basis of subjective or objective measures.

We did not exclude participants on the basis of gender, age, or
clinical setting (inpatient or outpatient). We included studies only
if at least 80% of the participants were suffering from dementia.
Sleep problemsincluded any well-defined disturbancesin the sleep
process, such as difficulty initiating sleep, problems with sleep
maintenance, and excessive daytime napping. We excluded studies
in which participants had obstructive sleep apnoea syndrome,
because this is treated primarily as a respiratory disorder.

Types of interventions

Active intervention: any drug primarily intended to improve
participants' sleep.

Control intervention: placebo.

Studies including non-pharmacological interventions were
acceptable if the drug and placebo groups were exposed to
identical non-pharmacological interventions.

Types of outcome measures

Where possible, outcomes were divided into short-term (following
treatment of up to six weeks) and long-term (following treatment
of more than six weeks).

Primary outcomes

1. Any or all of the following objective sleep outcomes measured
with polysomnography or - more feasibly for dementia patients
- actigraphy:
« total nocturnal sleep time (TNST; i.e. total time spent asleep
between 8.00 PM and 8.00 AM);

« sleep efficiency (%; i.e. TNST/time in bed x 100);

« nocturnal time awake (WASO; after sleep onset and before
final awakening);

« number of nocturnal awakenings;

« sleep latency;

« ratio of daytime sleep to night-time sleep, or of night-time
sleep to total sleep over 24 hours.

2. Adverse events.

Secondary outcomes

1. Carer ratings of patient's sleep using sleep diaries or validated
observer scales.

2. Cognition measured with any validated scale.

3. Activities of daily living (ADLs) measured with any validated
scale.

4. Quality of life.
5. Carer burden.

Search methods for identification of studies
Electronic searches

We searched ALOIS (www.medicine.ox.ac.uk/alois), the Cochrane
Dementia and Cognitive Improvement Group (CDCIG) Specialized
Register on 31 March 2016. The search terms used were:
sleep, insomnia, circadian, hypersomnia, parasomnia. We ran a
supplementary search using some additional search terms on 21
May 2016. The additional terms were: somnolence, rest-activity,
sundowning.

ALOIS is maintained by the Cochrane Dementia and Cognitive
Improvement Group (CDCIG) Information Specialist, and contains
dementia and cognitive improvement studies identified from the
following.

« Monthly searches of a number of major healthcare databases:
MEDLINE, Embase, CINAHL, PsycINFO and LILACS.

« Monthly searches of a number of trial registers: meta Register
of Controlled Trials; Umin Japan Trial Register; WHO portal
(which covers ClinicalTrials.gov, ISRCTN, Chinese Clinical Trials
Register, German Clinical Trials Register, Iranian Registry of
Clinical Trials, Netherlands National Trials Register, and others).

+ Quarterly searches of the Cochrane Central Register of
Controlled Trials (CENTRAL).
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« Six-monthly searches of a number of grey literature sources:
ISI Web of Knowledge with Conference Proceedings; Index to
Theses; Australasian Digital Theses.

To view a list of all sources searched for ALOIS, see About ALOIS on
the website.

Additional separate searches were run in many of the above sources
to ensure that the most up-to-date results were retrieved. The
search strategy we used can be seen in Appendix 1.

Where necessary, we had abstracts translated into English. We did
not require any full-text translations.

Searching other resources

Two review authors independently searched reference lists of
selected studies to find possible additional articles.

Data collection and analysis
Selection of studies

Two review authors independently examined the abstracts of
references identified in the search process. We retrieved the full
texts of all studies that appeared to meet our inclusion criteria,
those for which an abstract was not available, and those whose
eligibility either of the review authors considered uncertain. The
full author team discussed disagreements about study eligibility
until consensus was achieved. In some cases, we contacted study
authors for further information to reach a final decision on
inclusion.

Data extraction and management

Two authors independently extracted the data from each study
using data collection forms. We resolved disagreements by
discussion.

Assessment of risk of bias in included studies

Two review authors independently assessed the risk of bias in
accordance with Cochrane's tool for assessing methodological
quality and risk of bias (Higgins 2011). This tool assesses how
the randomisation sequence was generated, how allocation was
concealed, the integrity of blinding (participants, raters, and
personnel), the completeness of outcome data, selective reporting,
and other biases. Where inadequate details of randomisation and
other characteristics of the trials were provided, we contacted
authors of the studies to obtain further information.

We assessed the risk of bias in each domain and categorized them
as follows.

« Low risk of bias: plausible bias that is unlikely to seriously alter
the results (categorized as ‘low’ in the 'Risk of bias' table).

« High risk of bias: plausible bias that seriously weakens
confidence in the results (categorized as ‘high’ in the 'Risk of
bias' table).

« Unclearrisk of bias: plausible bias that raises some doubts about
the results, or inadequate information with which to make a
decision (categorized as ‘unclear’ in the risk of bias table).

If sequence generation was considered to be inadequate (high risk
of bias), the study was considered to be quasi-randomised and
excluded from the review.

Where the two review authors disagreed on 'Risk of bias' decisions,
the final rating was made by consensus discussion involving the
third member of the review team.

Measures of treatment effect

All included outcomes were continuous. We used the mean
difference to measure the size of the treatment effect. Where
available, end point data were preferred over change data.

Unit of analysis issues

We included one cross-over study, but it was not possible to extract
paired data. We discussed this study in a narrative format only.

There were three relevant treatment groups in one included study:
a placebo group and two groups receiving different formulations
of the active treatment. In this case, we entered the two active
treatment groups in analyses as separate subgroups and divided
the shared placebo group. We chose this method to allow
an approximate investigation of heterogeneity due to the drug
formulation.

Dealing with missing data

We used intention-to-treat (ITT) data where these were available,
reporting any imputation methods used in the primary studies. We
used completers' data if these were all that were available.

Assessment of heterogeneity

We used visual inspection of forest plots and the I statistic to assess
heterogeneity.

Assessment of reporting biases

We found too few studies to allow assessment of possible
publication bias.

Data synthesis

We grouped studies according to drug intervention. For each drug,
we performed meta-analyses if we considered the studies to be
sufficiently clinically and methodologically homogeneous.

For the comparison of melatonin with placebo, one study
presented data after eight weeks of treatment and one after 12
weeks (for some outcomes) and 24 weeks. When 12-week data
were provided, we preferred to pool these with 8-week data from
the other study. For the outcomes for which 12-week data were
not reported, we used the end-of-study (24-week) data and pooled
these with the 8-week data.

We used a fixed-effect model for all analyses.

Subgroup analysis and investigation of heterogeneity

Due to the small number of identified studies and low numbers
of participants, there was little heterogeneity to be investigated.
We found more than one study for melatonin only, and
conducted subgroup analyses of immediate-release and slow-
release melatonin formulations. Planned subgroup analyses based
on treatment duration and drug dose were not indicated.

Sensitivity analysis

We conducted sensitivity analyses on the results for our primary
sleep outcomes to assess theimpact of the strategy we had adopted
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to deal with multiple groups in a single study (see Unit of analysis
issues above). In the sensitivity analyses, we used the alternative
strategy of combining the two active treatment groups into a single

group.
Presentation of Results: GRADE and Summary of Findings

We used GRADE methods to rate the quality of the evidence (high,
moderate or low) that supported each effect estimate in the review
(Guyatt 2011). This rating referred to our level of confidence that
the estimate reflected the true effect, taking into account the risk
of bias in the included studies, inconsistency between studies,
imprecision in the effect estimate, indirectness in addressing our
review question, and the risk of publication bias. We produced
'Summary of findings' tables for the comparisons of trazodone
and melatonin with placebo to show the effect estimate and the
quantity and quality of supporting evidence for the following
outcomes, which we considered the most clinically important:

« total nocturnal sleep time

« nocturnal time awake

« number of nocturnal awakenings

« ratio of daytime to night-time sleep
« adverse effects

« cognitive function

« caregiver burden

We had insufficient detail about the Ramelteon trial to construct a
'Summary of findings' table.

RESULTS

Description of studies
Results of the search

We ran an initial search for eligible RCTs in November 2011, and
updated the searches in March 2013, May 2013 (a supplementary
search with some additional search terms), and March 2016. After
de-duplication and first assessment by the Information Specialist
of the CDCIG, these searches resulted in 341 records being passed
to the authors for closer scrutiny. We reviewed full texts if at least
one of two authors thought that a study might meet the inclusion
criteria on the basis of its abstract, or if an abstract was not
available. If no full text was available (e.g. abstract in conference
proceedings), we attempted to reach a decision on the basis of the

abstract alone. In total, we examined 84 full text papers or trial
registry entries.

In 2013, we identified one conference abstract from reference lists,
which appeared to refer to asmall RCT eligible forinclusion (Tozawa
1998). This study was also referred to by one of its authors in a later
paper (Mishima 2000). It was described as a double-blind RCT of
exogenously administered melatonin, 6 mg daily for four weeks, in
seven inpatients with Alzheimer's-type dementia and rest-activity
rhythm disorder. It was reported that melatonin was associated
with a significant reduction in night-time, but not total, activity.
We were unable to retrieve the conference abstract and found no
evidence of a subsequent full publication. We identified a current
address for one of the authors, but received no reply to a request for
furtherinformation. Given the very small size of the trialand the low
probability now of ever retrieving any data, we decided to classify
it as an excluded trial.

We found one trial registry entry which referred to a phase 2,
commercially-sponsored, multicentred trial of ramelteon that was
completed in 2007 (NCT00325728). A brief account of the results of
this trial was contained in a clinical trial synopsis on the website
of the sponsor (Takeda Global Research & Development), but
there have been no associated peer-reviewed publications, and we
were unable to obtain more detailed results from the sponsor. We
decided to include this trial. One possibly eligible trial of zolpidem
was due to complete data collection for the primary outcome in
June 2013; we classed this as ongoingin 2013. In 2016, we could not
locate any published data related to this trial and did not receive
a reply to our request for information from the named contact; it
is now classed as awaiting assessment (NCT00814502). The second
trial classed as ongoing in 2013 was EUCTR2009-014388-38-GB. We
considered it probable that this was the same trial described in
the published paper Wade 2014, identified in the updated search
of 2016, although there were some discrepancies between the trial
registry entry and the paper. For example, EUCTR2009-014388-38-
GB indicated an intention to collect actigraphic sleep data; this was
not reported in Wade 2014. We contacted the sponsor for further
information, but did not receive a reply. We decided to include this
as a single trial (Wade 2014).

In 2013, we included three studies of melatonin (Dowling 2008;
Serfaty 2002; Singer 2003), one study of trazodone (Camargos
2014), and one study of ramelteon, for which minimal data were
available. In 2016, we included one additional study of melatonin
(Wade 2014). The study selection process is summarized in Figure 1.
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Figure 1. Study flow diagram

6535 records

identified through

database
searching

¥

55871 records after duplicates
remaved, first assessment by

Infarmation Specialist

r

341 recards
screened by
authaors

r

102 full-text
articles,
conference
abstracts, and
trial registry
entries fully
assessed far

eligibility

r

10 citations
referring to &
unique studies
identified far
inclusion

Included studies

All studies are described in detail in the Characteristics of
included studies table. All of the studies for which full information
was available included participants similar to patients seen in
clinical practice, mostly with moderate to severe dementia. Sleep-
related inclusion criteria varied somewhat between studies, but
all included participants with night-time behaviours that were
associated with disturbance or distress to caregivers, including
frequent wakening, nocturnal agitation, wandering, wakening
and thinking it was day, early wakening, and excessive daytime
sleepiness.

Studies of melatonin

Dowling 2008 compared melatonin 5 mg to placebo in a parallel-
group design, with a treatment period of 10 weeks. The 33

239 recards
excluded

92 articles or trial
registry entries
excluded, with
reasons

participants had moderate to severe dementia and were resident
in long-term care facilities. All participants also received bright
light exposure for an hour in the morning. Sleep outcomes were
measured using actigraphy for continuous periods of 108 hours at
baseline and end of treatment.

Serfaty 2002 used a cross-over design to compare melatonin slow-
release (SR) 6 mg with placebo. Treatment was shorter (two weeks
for each treatment period with a one week washout). Forty-four
participants were randomised, but results were only reported on
the 25 who completed the study. They were similar to Dowling's
participants, with the majority being resident in long-term care
facilities. Again, sleep outcomes were measured actigraphically,
but only at night, for three nights at the end of each treatment and
washout period.
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Singer 2003 was the largest study, reporting on 151 participants.
There were three parallel groups receiving either melatonin 10
mg, melatonin SR 2.5 mg, or placebo for eight weeks. Participants
were broadly similar to those in the other two studies, although
it was not clear how many were resident at home and how many
in institutions. Participants wore actigraphs throughout the study,
and outcomes were derived from a single actigraph record covering
the entire eight weeks of treatment.

Wade 2014 was a parallel-group study comparing melatonin SR
2 mg with placebo over 24 weeks, in outpatients with mild to
moderate Alzheimer's disease. Seventy-three participants were
randomised, but only the 13 participants who met the study criteria
for comorbid insomnia at baseline were relevant to this review. No
actigraphic sleep outcomes were reported, but we were able to
extract data for some of our secondary outcomes.

Study of trazodone

Camargos 2014 compared trazodone 50 mg at night to placebo
over two weeks in a parallel group study of 30 out-patients with
moderate to severe dementia. Sleep outcomes were again derived
from an actigraph record of the whole treatment period.

Study of ramelteon

NCT00325728 was a phase 2, multicentred, parallel-group trial that
randomised 74 participants with mild or moderate AD to eight
weeks of treatment with either ramelteon 8 mg or placebo. The
only account of the methods and results we could obtain was a
clinical trial synopsis on the sponsor's website. Sleep outcomes
were measured actigraphically at one, two, four, six, and eight
weeks. The trial registry entry named the primary outcome as
night-time total sleep time (nTST); in the trial synopsis, the primary
outcome was further specified as nTST at one week.

Excluded studies

We excluded several RCTs because the participants, although
suffering from AD, were not selected for inclusion on the basis of
a sleep problem at baseline, as would be the case for treatment
of sleep disturbances in clinical practice. Some of these studies
examined a wide range of neuropsychiatric outcomes, one of which
was sleep, although several did have a primary aim of improving
sleep (Asayama 2003; Gehrmann 2009; Magnus 1978; Valtonen
2005

~

A number of older studies were excluded because the diagnostic
status of the participants was not certain by modern standards;
although they probably included some participants with AD, they
also included participants with a variety of other types of dementia
or functional psychiatric illnesses (Linnoila 1980a; Linnoila 1980b;
Magnus 1978).

Other studies were excluded on the basis of the study design (not
RCTs

R

Studies excluded, with reasons, are listed in the Characteristics of
excluded studies section below.

Risk of bias in included studies

The risk of bias in the included studies was generally low,
although there were areas of incomplete reporting, particularly for
NCT00325728, for which the overall risk was unclear. We considered
Wade 2014 to be at overall high risk of bias, primarily due to a
high risk of selective reporting, but it contributed very little data
to the analyses. The assessments for each study are detailed in
the Characteristics of included studies section, and the risk of bias
across allincluded studies is summarized in Figure 2 and Figure 3.

Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages

across included studies.
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Figure 3. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Allocation

The method of sequence generation was incompletely reported for
Dowling 2008 and Camargos 2014, although information obtained
from the authors of the latter study clearly indicated adequate
allocation concealment. Singer 2003 did not report details of the
randomisation procedure either, but as a large, multicentred study
with centralised randomisation, we judged that the risk of selection
bias was likely to have been low. The report of NCT00325728 gave
no details of the methods used for participant allocation. Wade

2014 used an adequate randomisation method, but did not report
how allocation concealment was assured.

Blinding

No information on blinding was available for NCT00325728. Wade
2014 took measures to blind participants and personnel, but did
not mention the blinding of outcome assessors, so we judged risk
of bias here to be unclear. Adequate measures appeared to have
been takento blind participants, personnel,and outcome assessors
in the other studies, although only Serfaty 2002 reported any
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assessment of the success of blinding. Our primary sleep outcomes
were measured with actigraphy, which is highly objective, thus
reducing the potential for performance and detection bias.

Incomplete outcome data

Dowling 2008 failed to make any mention of dropouts and reported
only on participants completing the study. Serfaty 2002 also
provided completers' data only, having had a very high dropout
rate of 43% after randomisation, albeit for reasons that were not
clearly related to group allocation (predominantly poor tolerance
of actigraphy). We judged there was some potential for attrition
bias in these two studies. Camargos 2014 and Singer 2003 reported
fully on participant flow; both studies lost some participants due
to technical difficulties with actigraphy, but we judged the risk
of attrition bias to be low. The report of NCT00325728 described
attrition by group, giving reasons, and we judged it also to have a
low risk of attrition bias. Wade 2014 lost only one participant from
each treatment group in their insomnia subpopulation; we also
judged this to be at low risk of attrition bias.

Selective reporting

Serfaty 2002 reported sleep outcomes that differed from those
listed in the study methods, and we judged it to be at high risk of
bias for this item. We found trial registry entries in clinicaltrials.gov
and in the European clinical trial registry that we considered
highly likely to refer to the study reported as Wade 2014, although
there were differences between both trial registry entries and the
published data, including differences in the number and location
of sites, and in primary and secondary outcomes. Wade 2014
reported data on a subgroup with insomnia at baseline; although
we included this subgroup as relevant to the review, it was not
clear that the insomnia threshold had been defined prospectively.
Quality of life was measured in Wade 2014, but the data were
not reported beyond a statement of no significant difference. We
considered this study to be at very high risk of reporting bias. The
other studies reported on all of their planned outcomes.

Other potential sources of bias

We identified no other major sources of bias. NCT00325728 and
Wade 2014 were commercially sponsored.

Effects of interventions

See: Summary of findings for the main comparison Melatonin
compared to placebo for sleep disturbances in dementia;
Summary of findings 2 Trazodone compared to placebo for sleep
disturbances in dementia

Melatonin

We were unable to extract the intended data from Serfaty 2002,
as data were presented as medians and interquartile ranges. The
study had a cross-over design, and while the authors reported
using an analysis that took account of this, the analysis method
was not specified in any detail. No paired data were presented. No
data were presented for several outcomes. The authors reported
no significant effect of treatment on total time asleep, number of
awakenings, or sleep efficiency. Without presenting any data, they
also reported no significant effect of treatment on carers' visual
analogue scale (VAS) ratings of participants' sleep quality, or on
Mini-Mental State Examination (MMSE) scores. They stated that
there were no adverse effects of treatment, but this was not listed as
an outcome, and no details were provided on how the information
was gathered.

We judged Singer 2003, Wade 2014 and Dowling 2008 to be
sufficiently similar to justify the synthesis of data, despite some
methodological differences, notably the concurrent morning bright
light treatment in Dowling 2008, and the differences in melatonin
dose. We were able to perform meta-analyses for two actigraphic
sleep outcomes. We found no evidence of an effect of melatonin
on total nocturnal sleep time (MD 10.68 minutes, 95% Cl -16.22 to
37.59; N = 184; two studies; Analysis 1.1; Figure 4), or on the ratio of
daytime sleep to night-time sleep (MD -0.13, 95% CI -0.29 to 0.03; N
=184; two studies; Analysis 1.5; Figure 5). Heterogeneity was low (I?
= 0% for both analyses), and inspection of the forest plots did not
suggest any difference between the immediate-release and slow-
release melatonin formulations. We considered this evidence to be
of low quality, downgraded due to very serious imprecision.

Figure 4. Forest plot of comparison: 1 Melatonin versus placebo, outcome: 1.1 total night-time sleep time (minutes)

Melatonin Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
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Sinoer 2003 3578 FOB 50 3494 284 23 429% .40 [-32.69, 49.49] —
Subtotal (95% CI) 65 41  56.5%  -1.34 [-37.13, 34.45] —en———
Heterogeneity: Chi®= 090, df=1 (P=0.34) F=0%
Test for overall effect; Z=0.07 {F = 0.94)
1.1.2 melatonin slow-release
Singer 2003 IFaT TE2 54 3494 884 24 43.5%  26.30[-14.4%9 67.09] I I —
Subtotal (95% CI) 54 24 435%  26.30 [-14.49, §7.09] ——ei——
Heterogeneity Mot applicahle
Test for overall effect: Z=1.26 {F =0.21)
Total (95% CI) 119 65 100.0%  10.68 [-16.22, 37.59]

Heterogeneity: Chi®=1.89, df=2 (P=0.39) *=0%
Testfor overall effect: Z=0.78 (F=0.44
Test for subgroup differences; Chif=1.00,df=1 {P=0.32), F=0%
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Figure 5. Forest plot of comparison: 1 Melatonin versus placebo, outcome: 1.5 ratio of daytime sleep to night-time

sleep

Melatonin Placeho Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight I, Fixed, 95% CI IV, Fixed, 95% CI
1.5.1 melatonin (immediate-release)
Dowling 2008 053 022 15 064 0.29 18 82.6% -0.11[0.28 0.08] —.‘_
Singer 2003 05g 04 a0 075 1.3 23 8.8% -0.17[-0.71,037]
Subtotal (95% CI) 65 41 91.1% -0.12[-0.28, 0.05] B
Heterogeneity, Chi*=0.04, df=1 (P =0.84) F= 0%
Testfor averall effect Z=1.37 (P=017)
1.5.2 melatonin slow-release
Singer 2003 045 039 54 075 13 24 8.9% -0.25[-0.78,0.28]
Subtotal (95% CI) 54 24 8.9% -0.25[-0.78, 0.28] e ——
Heterogeneity: Mot applicable
Test for overall effect: Z=0.82 (F=0.36)
Total (95% CI) 119 65 100.0% -0.13[-0.29,0.03] -
Heterogeneity, Chi*= 027, di=2(P=087) F= 0% -_1 —D'.S b IZITS 1|

Testfor overall effect Z=1.58 (P=0.11)
Testfor subaroun differences: Chif=0.22, df=1 (P=064), F=0%

Our other primary sleep outcomes were reported in only one of
the two studies. There was no significant effect of melatonin on
sleep efficiency (MD -0.01%, 95% Cl -0.04 to 0.03; N = 151; one
study; Analysis 1.2), nocturnal time awake after sleep onset (MD
9.08 minutes, 95% Cl -7.51 to 25.66; N = 151; one study; Singer
2003; Analysis 1.3), or number of night-time awakenings (MD 6.00,
95% Cl -2.65 to 14.65; N = 33; one study; Analysis 1.4). Neither
study measured sleep latency. Again, we considered the evidence
supporting these results to be of low quality, downgraded due
to imprecision (wide confidence intervals and small numbers of
participants).

Adverse effects were reported by Singer 2003 and Wade 2014,
although Wade 2014 reported adverse event data for the whole
trial population, not for the insomnia subgroup, so we did not use
these data (for consistency with our exclusion of other trials that
did not meet our inclusion criterion of sleep problems at baseline).
There was low-quality evidence, downgraded due to imprecision,
that melatonin and placebo groups did not differ in the number of
adverse event reports per person (MD 0.20, 95% Cl -0.72 to 1.12; N
=151; one study; Analysis 2.1), in the severity of adverse events (3-
point scale from 1 =mild to 3 =severe, MD 0.10, 95% C| -0.06 to 0.26;
N = 151; one study; Analysis 2.2), or in the likelihood of reporting
any adverse event (74% in the melatonin group versus 69% in the
placebo group; RR 1.07, 95% CI 0.86 to 1.33; N = 151; one study;
Analysis 2.3).

Singer2003 and Wade 2014 reported on our secondary outcomes of
carer-rated sleep quality, cognition (measured with MMSE and the
Alzheimer's Disease Assessment Scale, cognitive subscale (ADAS-
cog)), and activities of daily living (ADLs). For carer-rated sleep
quality, Wade 2014 reported outcomes after 12 and 24 weeks; we
preferred to pool the 12-week data with the 8-week data reported
by Singer 2003. However, Wade 2014 reported cognitive and ADL
data from the 24-week time point only, so for these outcomes,
we pooled these data with the 8-week data from Singer 2003.
There was no evidence of a difference between melatonin and
placebo groups for any of these outcomes (Analysis 1.6; Analysis
1.7; Analysis 1.8; Analysis 1.9). The effect estimates for the cognitive
and ADL outcomes were reasonably precise, but there were few
participants, and for MMSE, there was inconsistency between the

Favours melatonin  Favours placebo

two included trials, so we considered this evidence to be of low
quality.

Patients' quality of life was measured by Wade 2014, but the data
were not reported; the paper stated that there was no significant
difference between treatment groups.

Carer burden was not assessed in these trials.

Our sensitivity analysis (in which the two active treatment groups
in Singer 2003 were combined to form a single group) had no effect
on the results for our primary sleep outcomes (not shown).

Trazodone

In Camargos 2014, results were presented as the mean difference
(with 95% confidence interval) between trazodone and placebo
groups post-treatment, adjusted for baseline values using ANCOVA.
We considered the evidence related to all the sleep outcomes to be
of low quality, downgraded due to very serious imprecision (wide
confidence intervals and a very small number of participants). We
found evidence that trazodone may increase nocturnal total sleep
time (MD 42.46 minutes, 95% Cl 0.9 to 84.0) and sleep efficiency
(MD 8.53,95% Cl 1.9 to 15.1). However, we found no evidence of an
effect of trazodone on the amount of time spent awake after sleep
onset (MD -20.41, 95% Cl -60.4 to 19.6), the number of nocturnal
awakenings (MD -3.71, 95% Cl -8.2 t0 0.8), the amount of time spent
asleep during the day (MD 5.12 minutes, 95% CI -28.2 to 38.4), or the
number of daytime naps (MD 0.84, 95% Cl -2.6 to 4.3).

Data on adverse events were collected by spontaneous report only;
4/15 participants in the trazodone group and 6/15 in the placebo
group reported an adverse event; all were mild.

The study included several of our secondary outcomes. Carers
of 10/15 trazodone-treated patients and 9/15 placebo-treated
patients rated the participant's sleep as better, or much better.
There was no evidence of a difference between groups in ADL
performance on the Katz Index (MD 0.5, 95% Cl -0.8 to 1.8; low-
quality evidence), or on any of a variety of cognitive measures,
including the MMSE (MD 0.1, 95% ClI -0.9 to 1.1; moderate-quality
evidence). Quality of life and carer burden were not assessed.
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Ramelteon

The sponsor's clinical trial synopsis for NCT00325728 gave most
results in brief narrative form. The synopsis named the primary
outcome as night-time total sleep time at one week, despite the
fact that the study duration was eight weeks. In all other included
studies, the primary outcome was the end of the treatment period.
Therefore, we sought data from both the one-week and eight-week
time points. Results were derived from an ANCOVA model with
effects for treatment, pooled centre and baseline disease severity
(mild or moderate), and with baseline as a covariate. The trial
synopsis reported no significant difference between groups for the
primary outcome of night-time total sleep time at week one (MD
18.2 minutes, 95% ClI -7.8 to 44.3). There was also no significant
difference between groups after one week in the percentage of
participants whose night-time sleep time increased by 30 minutes
or more, in time awake after sleep onset, in sleep efficiency, or
in the number of daytime naps. Daytime total sleep time was
significantly higher in the ramelteon group after one week (MD
(standard error) 43.1 (16.19) minutes, P = 0.010), although this was
not seen at later time points. The ramelteon group also had a
significantly higher ratio of daytime to night-time sleep at weeks
one, four, and eight, or early termination (P = 0.014, P = 0.019,
and P = 0.029, respectively). No other sleep outcomes differed
significantly between groups at week eight. The exploratory (non-
sleep) outcomes appeared to have been assessed at weeks four and
eight only. Among these, the only significant group difference in
efficacy was a lower Neuropsychiatric Inventory (NPI) disinhibition
score at week eight or early termination in the ramelteon group (MD
(SE)-0.9+0.44, P=0.039); the authors of the report did not consider
the results to be clinically significant.

Adverse events that were considered possibly, probably, or
definitely related to the study drug occurred in 21/74 participants,
with a similar incidence in placebo and ramelteon treatment
groups (27.9% placebo, 29.0% ramelteon). Four participants in the
placebo group experienced at least one serious adverse event;
there were no such events in the ramelteon group. There were no
deaths.

In general terms, the evidence related to ramelteon was of low
quality. It was from a single trial with no peer-reviewed publication;
the sponsor's report lacked important details on trial methods and
results.

DISCUSSION

Summary of main results

We found no evidence from four RCTs, reporting data on 222
participants, that melatonin had either beneficial or harmful effects
on any major sleep outcome in sleep-disordered patients with
moderate to severe dementia due to AD. No serious adverse events
were reported in the trials.

One RCT of trazodone (30 participants) found that trazodone 50 mg
at night improved total nocturnal sleep time and sleep efficiency
in patients with moderate to severe Alzheimer Disease (AD) and
disturbed sleep. It did not find evidence of an effect on daytime
sleep, nor on cognition or activities of daily living (ADL). There were
no serious adverse events.

A phase 2 trial of ramelteon (74 participants), reported in summary
form on the sponsor's website, found no clear evidence of benefit or

harm from ramelteon, used for the treatment of sleep disturbances
in patients with mild to moderate AD. There was weak evidence,
incompletely reported, of more daytime sedation in the ramelteon
group. There were no serious adverse events among participants
taking ramelteon.

Overall completeness and applicability of evidence

We discovered a distinct lack of evidence to help guide drug
treatment of sleep problems in dementia. All of the data was on
participants with dementia due to AD, although sleep problems
may be even more common in patients with vascular dementia
and, especially, dementia with Lewy bodies (DLB) or dementia in
Parkinson's disease (PDD).

We found adequately-reported data from RCTs for only two drugs:
trazodone and melatonin. Trazodone is a drug in common clinical
use for this indication, but the one study of trazodone was
very small (30 participants), so its results must be regarded as
preliminary. Of the four published trials of melatonin, only two
yielded data on our primary sleep outcomes suitable for meta-
analysis. A fifth RCT of melatonin was probably conducted, but we
were unable to locate any data (Tozawa 1998). This trial purportedly
found a beneficial effect of melatonin, but given its very small
size (seven participants), it was unlikely to have had a substantial
impact on our results.

No peer-reviewed data were available from a commercially-
sponsored trial of ramelteon that had been completed, and we
found no other RCTs of melatonin agonists in a population with
dementia.

We found no RCTs of other drugs that are widely prescribed
for sleep problems in dementia, including the benzodiazepine
and non-benzodiazepine hypnotics, although there is considerable
uncertainty about the balance of benefits and risks associated with
these common treatments.

One of the included trials studied melatonin in combination with
morning bright light; although heterogeneity between studies was
low, on the basis of the small amount of included data, we could
not confidently exclude any differential effects of melatonin in
combination with light therapy. The doses of melatonin used in
these studies were at or above the dose licensed for healthy elderly
people in Europe, but were nevertheless low in comparison to
doses of melatonin and melatonin analogues which have been
used or studied in other populations (without dementia). We found
no evidence relating to high dose melatonin treatment in patients
with dementia, but it is possible that effects could be different.
Several different mechanisms are likely to cause sleep disturbances
in dementia, some of which may relate to circadian misalignment,
and achieving the full chronobiotic effect of melatonin in these
circumstances may take up to several months. Therefore, it is
possible that some patients might respond to longer periods of
treatment with melatonin. Until patients can be well-characterised
on the basis of the mechanisms underlying their sleep disorders,
differential effects on different subgroups cannot be excluded.

Small RCTs are limited in their ability to detect adverse effects of
treatment, but they can provide important evidence on common
adverse events. One of the included trials made no mention at all
of adverse effects of treatment, and only three studies reported
adverse events in any detail. This was a gap in the evidence, given
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the potential for all sedative drugs to cause significant adverse
events in patients with dementia.

On the positive side, the studies in this review all included patients
similar to those seen in clinical practice, with predominantly
moderate to severe dementia and a variety of common sleep
problems at baseline, so the results should be widely applicable.
However, they cannot be taken to apply to sleep problems
occurring in the early stages of Alzheimer's Disease, when
less severe pathology in the brain's circadian systems may be
associated with a better response to drug treatments.

Quality of the evidence

Sleep outcomes in the included studies were measured using
actigraphy. Although polysomnography is considered to be the
gold standard in sleep studies, its use in this patient group
is infeasible. However, there is evidence of a good correlation
between actigraphy and polysomnography measures in patients
with dementia (Ancoli-Israel 1997).

No study was at overall high risk of selection, performance or
detection bias. There were significant problems with attrition in a
couple of the studies, largely reflecting poor tolerance of actigraphy
among participants with AD and technical difficulties with the
procedures. We thought that one trial of melatonin was at very
high risk of selective reporting bias, but it contributed only 13
participants. We did not consider the results of this review to be at
significant risk from bias in the included trials.

Overall, we considered the quality of evidence for trazodone to
be of low quality for almost all outcomes due to imprecision
(wide confidence intervals and data from a single, small study).
We rated the evidence for melatonin to be of low quality for all
outcomes, again downgraded due to imprecision; although there
were several trials, many outcomes were reported in only one trial,
the number of participants was low, and again, the confidence
intervals were wide. Other than for the MMSE, where estimates of a
minimum clinically important difference have been published (e.g.
Howard 2011), we had to base our judgements about precision, in
part, on what we considered were likely to be clinically important
differences.

Potential biases in the review process

We identified no potential biases in the review process.

Agreements and disagreements with other studies or
reviews

Cardinali 2010 included a non-systematic review of studies of
melatonin in AD, covering case reports and non-randomised
studies as well as RCTs. The authors identified two RCTs with
sleep outcomes, which we excluded because participants were not
selected for a sleep problem at baseline. Following a narrative
synthesis, they found the evidence for efficacy to be inconclusive.

Xu 2015 conducted a systematic review and meta-analysis of RCTs
of melatonin in dementia, examining sleep efficiency, total sleep
time, and cognitive outcomes. The authors included seven RCTs.
We had excluded three of these because participants had not
been identified as having a sleep disorder at baseline (Asayama
2003; Gehrmann 2009; Riemersma-van der Lek2008); a fourth study
included by Xu (Gao 2009) had no primary aim to improve sleep and
Xu and colleagues were able to extract only a cognitive outcome.
In contrast to our findings, these authors reported marginal
improvement in sleep efficiency and an increase in total sleep time
on melatonin. However, we considered that there were important
methodological errors in their review, including a unit of analysis
error which led to excessive weight being given to the 'positive’
results of Singer 2003.

AUTHORS' CONCLUSIONS

Implications for practice

Due to lack of primary evidence, the implications of this review
for practice are limited. The evidence reviewed suggested that
melatonin was unlikely to be of benefit to patients with Alzheimer's
disease (AD) and moderate to severe dementia and sleep problems.
There was some evidence that a low dose (50 mg) of trazodone
improved sleep in people with AD, although a larger trial is needed
to be able to draw a more definitive conclusion on the balance of
risks and benefits. Until further evidence emerges, this and other
hypnotic drugs should be used with particular caution in patients
with AD or other dementias, with careful assessment of the risks
(of treatment and of no treatment), efficacy, and adverse effects in
individuals.

Implications for research

Thereis a need for pragmatic trials in this area, particularly to study
those drugs that are in common clinical use; these should include
sequential strategies for non-responders. It is important that trials
include systematic assessment of adverse events.

Attention to consistency of trial design, actigraphy techniques,
and reporting would aid further synthesis and interpretation of
research in this area. Helpful suggestions regarding this are made
by Camargos (Camargos 2013).
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