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Abstract
The current review aims to examine melatonin therapy for both sleep disturbances and cognitive function in dementia. We
searched all randomized controlled trials published in Medline, Embase, the Cochrane Library, China National Knowledge
Infrastructure, the Cochrane Dementia and Cognitive Improvement Group’s Specialized Register, and Clinical Trials.gov. The
grading of recommendations assessment, development and evaluation framework was used to assess the quality of evidence.
Seven studies were included (n¼ 520). Treated participants showed prolonged total sleep time (TST) by 24.36 minutes (P¼ .02).
Sleep efficacy (SE) was marginally improved (P ¼ .07). This effect was stronger under a longer intervention period lasting more
than 4 weeks (P ¼ .02). Conversely, cognitive function did not change significantly. Additionally, there was no report of severe
adverse events. Given the current studies, we conclude that melatonin therapy may be effective in improving SE and prolonging
TST in patients with dementia; however, there is no evidence that this improvement impacts cognitive function.
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Introduction

Dementia is a common occurrence in the elderly population,

accounting for 4.7% of the global population aged �60 years.

The estimated population of individuals with dementia was

across the globe is expected to double every 20 years and will

reach an alarming 65.7 million in 2030.1 Meanwhile, sleep dis-

turbances become more common in late life and afflict between

19% and 50% of community-dwelling elderly patients affected

with dementia.2-4 A deficiency in sleep may contribute to cogni-

tive impairment (CI).5,6 The mechanism of sleep deprivation in

promoting dementia has been recently suggested by a pro-

nounced effect of sleep on amyloid precursor protein metabolite

clearance from interstitial space in the brain.7 Furthermore, pre-

vious studies revealed that the majority of residents in long-term

care facilities with dementia are also affected by mood disorders

after disruption of normal sleep.8-11

Melatonin, the hormone secreted by the pineal gland, is

believed to be effective in the treatment of sleep disturbance in

healthy persons.12 Disturbance in the circadian system and reduc-

tion of endogenous melatonin suggest a potential benefit of mel-

atonin replacement therapy for dementia. Previous reviews

suggested an improvement in circadian rhythm disturbances and

delirium in dementia following melatonin replacement.13,14

However, the efficacy of melatonin in both ameliorating sleep

disorders and improving cognitive function in dementia is

controversial in clinical studies to date. Therefore, we have per-

formed a quantitative meta-analysis to evaluate the therapeutic

effects of melatonin in patients with dementia and evaluate the

clinical values of melatonin therapy for both sleep disturbances

and cognitive function in dementia.

Methods

Data Sources and Literature Search

A systematic literature search was conducted on December 21,

2013, using the following databases: Medline, Embase, the
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Cochrane Library, and China National Knowledge Infrastruc-

ture. Search terms were employed as follows, but not limited

to: ‘‘melatonin,’’ ‘‘N-acetyl-5-methoxytryptamine,’’ ‘‘demen-

tia,’’ ‘‘Alzheimer Dementia,’’ ‘‘Dementia of Alzheimer’s type,’’

‘‘Alzheimer’s Disease,’’ and ‘‘Vascular dementia’’. A supple-

mental search that included ALOIS (the Cochrane Dementia and

Cognitive Improvement Group’s Specialized Register), Clinical

Trials.gov, and a manual search of bibliographic references of

identified reviews and retrieved studies were undertaken. Corre-

sponding authors were contacted for research details and missing

data. Searches were not limited by publication date, but there

was a language restriction to English and Chinese.

Study Selection

We included randomized clinical trials (RCTs) involving diag-

nosed dementia with medication including melatonin (any

dose) versus placebo. Primary outcomes were sleep quality and

assessment using the Mini-Mental State Examination,

MMSE.15 The following outcome measurements were

employed to assess sleep quality: sleep efficacy, SE, that is,

nocturnal total sleep time (TST)/time in bed � 100; or total

time spent asleep while in bed, TST.

The MMSE is a short and reliable screening tool to assess

cognitive function, with lower scores indicating greater

impairment. We included secondary outcomes as follows: cogni-

tive function measured by Alzheimer’s Disease Assessment-

cognitive subscale, ADAS-cog,16 and safety of melatonin use.

The ADAS-cog measures cognitive decline associated with AD

with the relevant aspects of memory, language, word recall,

word-finding difficulty, and following commands (higher scores

indicate poorer cognitive function). We excluded animal studies,

case reports, nonrandomized trials, and trials without eligible out-

come measurements. Finally, 7 articles were recruited (Figure 1).

Quality Assessment

Two team members (XJ and WLL) assessed the included trials

independently with the Cochrane Collaboration’s tool for

assessing risk of bias,17 and the assessed domains included

sequence generation; allocation concealment; blinding of parti-

cipants and outcome assessors; incomplete outcome data; and

selective outcome reporting.

We evaluated the quality of evidence according to grading

of recommendations assessment, development and evaluation

(GRADE) approach with GRADEpro software version 3.6.18

This method rates the quality of evidence from high to very

low. The quality of evidence would be downgraded according

to the following aspects: limitations in design, inconsistency of

results across studies, imprecision of overall estimates, indirect

evidence, and publication bias.

Data Abstraction

Two team members (XJ and WLL) independently selected trials

and extracted data from published reports according to a

standardized spreadsheet. Disagreements were resolved through

discussion. Important details including participant, intervention,

comparator, and outcome were summarized (Table 1).

Data Analysis

Meta-analysis was performed using Cochrane RevMan 5.2

Software (Review Manger Version 5.2). A random-effects

method was utilized to pool studies, as it was considered a more

conservative approach than alternatives. Heterogeneity was

assessed using Cochran Q test (P < .10) and the amount of var-

iation due to heterogeneity was presented as an I2 statistic.

Change per parameter from baseline to treatment was com-

bined in this review. In some cases, when standard devia-

tions of changes could not be obtained, standard deviations

from baseline were used.26 Measurements (SE, TST, MMSE,

and ADAS-cog) were considered as continuous outcomes and

mean changes were expressed as mean difference (MD) and

95% confidence interval (95% CI).

Results

Study Characteristics

A total number of 520 patients were enrolled in the 7 studies

selected.19-25 All studies were published in English, except 1

in Chinese.25 Of the 7 studies, 6 were RCTs with 1 crossover

trial design.19 Due to a potential residual effect of melatonin

on the progression of dementia, only the first treatment period

of the crossover trial was included. Five studies compared mel-

atonin versus placebo,19,20,21,24,25 and 1 compared melatonin

with light therapy to light therapy alone.22 One study by Singer

and coworkers21 had 3 groups (placebo control vs 2.5 mg

Figure 1. Identification of eligible studies.
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sustained-release melatonin vs10 mg immediate-release melato-

nin), and one23 had 4 groups (placebo control vs melatonin alone

vs light therapy with melatonin vs light therapy alone). Among

the 7 trials, 5 employed patients with AD only,20-22,24,25 and

2 studies involved AD as well as vascular dementia or other

types of dementia.19,23

Risk of Bias and Quality of Evidence

Table 2 summarizes the risk of bias of included studies in

this review. Most studies did not elucidate detailed methods

of random sequence generation and allocation concealment.

Under such circumstances, the procedures employed were

judged as ‘‘low risk,’’ if the use of random sequences and

allocation concealment was clearly described in relevant

publications from the same investigators.17 Most publica-

tions reported blinding of assessors and participants. Two

studies were considered to have a high risk of bias for 1

item19,25 and other reports had an unclear risk of bias in one

aspect at least.

Based on the GRADE approach, downgraded factors were

considered as follows: inconsistency resulting from heteroge-

neity, imprecision resulting from unavailable standard devia-

tions, or a small number of participants (less than 400). We

did not assess publication bias with funnel plots or regression

analysis due to the dearth of eligible studies.27 Finally, the

quality of evidence was rated from moderate to low, as pre-

sented in Table 3.

Table 1. Characteristics of Included Studies.

Study Country

Participants Intervention

Comparator

Measurements

N Type (diagnostic criteria) Dose Duration Sleep Cognition

Serfaty et al,19 2002 London 44 AD, other forms of dementiaa

(DSM-IV)
6 mg SR 2 weeks Placebo TST, SE

(ACT)
MMSE

Asayama et al,20

2003
Japan 20 AD (NINCDS-ADRDA, DSM-

IV)
3 mg 4 weeks Placebo TST

(ACT)
MMSE, ADAS-cog

Singer et al,21 2003b United
States

157 AD (NINCDS-ADRDA) 2.5 mg SR/10 mg
IR

8 weeks Placebo TST, SE
(ACT)

MMSE, ADAS-cog

Dowling et al,22

2008c
USA 33d AD (NINCDS-ADRDA) 5 mg 10 weeks Light TST

(ACT)
Riemersma-van der

Lek et al,23 2008e
Dutch 189 AD, other forms of dementiaf

(DSM-IV, NINCDS-
ADRDA)

2.5 mg 3.5 years Placebo/
light

TST, SE
(ACT)

MMSE

Gehrman et al,24

2009
United

States
41 AD (NINCDS-ADRDA) 10 mg (8.5 mg IR

and 1.5 mg SR)
10 days Placebo TST, SE

(ACT)
Gao et al,25 2009 China 36 AD (NINCDS-ADRDA) 2.9 mg 24 weeks Placebo MMSE

Abbreviations: ACT, actigraphy; ADAS-cog, Alzheimer’s Disease Assessment-Cognitive subscale; DSM-IV, Diagnostic Statistical Manual of Mental Disorders, Fourth
Edition; IR, immediate release; MMSE, Mini-Mental State Examination; NINCDS-ADRDA, Clinical Diagnosis of the National Institute of Neurological and
Communicative Disorders and Stroke and the Alzheimer’s disease and Related Disorders Association; SR, sustained-release.
aIncluding vascular dementia, a mix of Alzheimer’s disease and vascular dementia, and Lewy body dementia.
bA 3-arm designed trial: 2.5 mg sustained-release melatonin vs 10 mg immediate-release melatonin vs placebo. Data on ‘‘2.5 mg melatonin vs placebo’’ and ‘‘10 mg
melatonin vs placebo’’ were included in meta-analysis.
cA 3-arm designed trial: 5 mg melatonin with light therapy vs light therapy alone vs placebo. Data exclusively on ‘‘5 mg melatonin with light therapy vs light therapy
alone’’ were included.
dRepresents patients in trial arms of interest only.
eA 4-arm designed trial: 2.5 mg melatonin vs placebo vs 2.5 mg melatonin with light therapy vs light therapy alone. Data on ‘‘2.5 mg melatonin vs placebo’’ and ‘‘2.5
mg melatonin with light therapy vs light therapy alone’’ were included in meta-analysis.
fIncluding vascular dementia, dementia due to multiple etiologies, frontal-type dementia, Lewy-body dementia, Parkinson disease, and Wernicke-Korsakoff.

Table 2. Risk of Bias for Included Studies.

Study
Random sequence
generation

Allocation
concealment

Blind participants,
personnel

Blind outcome
assessment

Incomplete
outcome data

Selective
reporting Other

Serfaty et al,19 2002 Low Low Low Low High High Unclear
Asayama et al,20 2003 Low Low Low Low Low Low Unclear
Singer et al,21 2003 Low Low Low Low Low Low Unclear
Dowling et al,22 2008 Low Unclear Low Low Low Low Unclear
Riemersma-van der Lek

et al,23 2008
Low Low Low Low Low Low Unclear

Gehrman et al,24 2009 Low Unclear Low Low Low Low Unclear
Gao et al,25 2009 Unclear Unclear Unclear Unclear Low Low High
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Outcomes

Sleep
Sleep efficacy. Data on SE were available in 4 trials.21-24 Over-

all, there was a marginal enhancement in SE (MD ¼ 1.78, 95%
CI:�0.31 to 3.70, I2¼ 25%, P¼ .07, Figure 2A). After melatonin

administration for more than 4 weeks, SE showed a statistically

significant improvement by 2.23% (95% CI: 0.29-4.16, I2 ¼
29%, P¼ .02, Figure 2B).21,23 Considering AD exclusively,21,24

SE was increased significantly by 1.86% (95% CI: 0.29-3.43, I2¼
0%, P¼ .02, Figure 2C). Among the patients with AD, there was a

significant improvement by 2.0% (95% CI: 0.40-3.60, I2 ¼ 0%,

P ¼ .01, Figure 2D) after more than 4 weeks of treatment.21

Total sleep time. Of all the 7 publications, 6 offered data on

TST.19-24 Due to melatonin treatment, a statistically significant

prolongation of 24.36 minutes (95% CI: 3.26-45.46, I2 ¼ 59%,

P ¼ .02, Figure 3A) was found in TST when all data available

Table 3. Quality of Evidence, Adapted From GRADE Approach.a

Outcomes

Illustrative comparative risks (95% CI)b

Assumed risk
Control

Corresponding risk
Melatonin

No of Participants
(studies)

Quality of the
evidence (GRADE) Comments

Sleep efficacy
Wrist actigraphy.
Follow-up: 1.43 to 8
weeks

The mean difference
in sleep efficacy
ranged across
control groups
from �4% to 3%

The mean difference in
sleep efficacy in the
intervention groups
was 1.78 higher (0.13
lower to 3.70 higher)

447 (6 studiesc) ����: moderated,e

Total sleep time
Wrist actigraphy.
Follow-up: 1.43 to
10 weeks

The mean difference
in total sleep time
ranged across
control groups
from �42 to 28
minutes

The mean difference in
total sleep time in the
intervention groups
was 24.36 higher (3.26
to 45.46 higher)

498 (8 studiesc) ����: lowd,e,f

MMSE
Mini-Mental State
Examination. Scale
from: 0 to 30.
Follow-up: 2 to 24
weeks

The mean difference
in MMSE ranged
across control
groups from �0.3
to 2.1 points

The mean difference in
MMSE in the
intervention groups
was 0.06 higher (0.55
lower to 0.67 higher)

455 (7 studiesc) ����: moderated,e

ADAS-cog
Alzheimer’s disease
Assessment-
cognitive subscale.
Scale from: 0 to 70.
Follow-up: 4 to 8
weeks

The mean difference
in ADAS-cog ran-
ged across control
groups from 0.3 to
1.4 points

The mean difference in
ADAS-cog in the
intervention groups
was 1.73 lower (3.82
lower to 0.36 higher)

218 (3 studiesg) ����: lowe,f,h

Adverse effects
Reported by
participants and
caregivers

See comment See comment 444 (5 studiesc) See comment Due to the diverse
way of reporting
AEs, combing data
for quantitative
analysis was not
possible.

Abbreviations: ADAS-cog, Alzheimer’s Disease Assessment-Cognitive subscale; AEs, adverse events; CI, Confidence interval; MMSE, Mini-Mental State Exami-
nation; SD, standard deviation; GRADE, grading of recommendations assessment, development and evaluation.
aGRADE Working Group grades of evidence. High quality: Further research is very unlikely to change our confidence in the estimate of effect. Moderate quality:
Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate. Low quality: Further research is
very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate. Very low quality: We are very uncertain
about the estimate.
bThe basis for the assumed risk (eg, the median control group risk across studies) is provided in footnotes (c and g). The corresponding risk (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% CI).
cIncluding data in all-cause dementia.
dDowngraded by 1 for SDs were not available in some studies.
ePublication bias could not be objectively assessed due to the small numbers of studies.
fDowngraded by 1 for unexplained heterogeneity (I2>50%) across studies.
gAvailable data in Alzheimer’s disease only.
hDowngraded by 1 for total number of participants <400.
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were employed. A follow-up over 4 weeks revealed a stronger

effect in lengthening TST by 28.78 minutes (95% CI: 4.96-

52.60, I2¼ 69%, P¼ .02, Figure 3B).20-23 Among patients with

AD, the outcome proved to be statistically insignificant with an

increase in TST of 23.98 minutes (95% CI: �6.09-54.06, I2 ¼
76%, P ¼ .12) when involving all treatment duration,20-22,24

and 29.69 minutes (95% CI: �2.67-62.06, I2 ¼ 80%, P ¼
.07) when patients with AD were treated over a period of more

than 4 weeks.20-22

Cognition
Mini-Mental State Examination. Five studies reported

MMSE.19,20,21,23,25 Overall, melatonin improved MMSE by

0.06, which was insignificant in dementia of any etiology

(95% CI: �0.55-0.67, I2 ¼ 0%, P ¼ .85, Figure 4A). No

remarkable results were found over a longer treatment period

of greater than 4 weeks (MD ¼ 0.04, 95% CI: �0.58-0.66,

I2 ¼ 0%, P ¼ .90).20,21,23,25 Three trials involving AD

exclusively were assessed, and all of them undertook a treat-

ment for more than 4 weeks.20,21,25 Finally, MMSE was

unchanged in patients with AD undergoing melatonin treat-

ment (MD ¼ 0.08, 95% CI: �0.58-0.74, I2 ¼ 0%, P ¼ .81).

Alzheimer’s Disease Assessment-Cognitive subscale. Two trials

assessed the impact of melatonin on cognitive function by

ADAS-cog20,21 and 1 trial used a 3-arm design.21 All of them

included patients with AD exclusively for 4 to 8 weeks of treat-

ment. Similarly, quantitative synthesis did not present a signif-

icant improvement in ADAS-cog (MD ¼ �1.73, 95% CI:

�3.82-0.36, I2 ¼ 57%, P ¼ .11, Figure 4B).

Report of Adverse Events

Among the 7 studies, 3 of them collected data on adverse

events (AEs) due to melatonin associated treatment.21,23,19 In

1 study, a conclusion of no AEs was drawn, as none were

reported by caregivers.19 No severe AEs were found in 2 other

Figure 2. Effects of exogenous melatonin on sleep efficacy. (A) Melatonin treatment for 10 days to 8 weeks in patients with all-cause dementia;
(B) melatonin treatment for at least 4 weeks in patients with all-cause dementia; (C) melatonin treatment for 10 days to 8 weeks in patients with
Alzheimer’s disease (AD); and (D) melatonin for 8 weeks in patients with AD. *Riemersma 2008, study 1 represents ‘‘placebo vs melatonin’’
group. Reimersma 2008, study 2 represents ‘‘light therapy alone vs melatonin plus light therapy’’ group. Singer 2003, study 1 represents ‘‘placebo
vs 2.5 mg sustained-release melatonin’’ group. Singer 2003, study 2 represents ‘‘placebo vs 10 mg immediate-release melatonin’’ group.
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studies.21,23 One study reported AEs as abnormal behavior,

aches/pain, falls, gastrointestinal distress, infection, respira-

tory/pulmonary symptoms, skin/subcutaneous tissue, and urin-

ary symptoms, but no differences existed in mean number,

severity, seriousness, or relatedness ratings of spontaneously

reported AEs between placebo and the melatonin-treatment

group.21 One study revealed drowsiness and irritability as most

commonly seen AEs, and symptoms of headache, hyperactiv-

ity, sweating, and trembling hands were reported more in

melatonin-treated individuals than in the placebo group.

Figure 3. Effects of exogenous melatonin on total sleep time. (A) Melatonin treatment for 10 days to 10 weeks in patients with all-cause
dementia and (B) melatonin treatment for at least 4 weeks in patients with all-cause dementia. *Riemersma 2008, study 1 represents ‘‘placebo vs
melatonin’’ group. Reimersma 2008, study 2 represents ‘‘light therapy alone vs melatonin plus light therapy’’ group. Singer 2003, study 1 rep-
resents ‘‘placebo vs 2.5 mg sustained-release melatonin’’ group. Singer 2003, study 2 represents ‘‘placebo vs 10 mg immediate-release melatonin’’
group.

Figure 4. Effects of exogenous melatonin on cognitive function in patients with all-cause dementia. (A) Mini-Mental State Examination (MMSE);
(B) Alzheimer’s disease Assessment-Cognitive subscale (ADAS-cog). *Riemersma 2008, study 1 represents ‘‘placebo vs melatonin’’ group.
Reimersma 2008, study 2 represents ‘‘light therapy alone vs melatonin plus light therapy’’ group. Singer 2003, study 1 represents ‘‘placebo vs 2.5
mg sustained-release melatonin’’ group. Singer 2003, study 2 represents ‘‘placebo vs 10 mg immediate-release melatonin’’ group.

444 American Journal of Alzheimer’s Disease & Other Dementias® 30(5)



However, all AEs failed to reach a significant P value (P > .05)

between 2 groups.23

Discussion

According to published literature including case reports and

open-label trials assessing the therapeutic value of melatonin

in dementia, this study represents the first to quantitatively ana-

lyze these effects employing randomized controlled trials. The

present meta-analysis suggested that patients with dementia

eventually benefited from increased SE and TST after melato-

nin therapy, but without an improvement in cognition as mea-

sured by MMSE or ADAS-cog. In respect to Alzheimer’s type

dementia, SE was enhanced by exogenous melatonin treat-

ment; however, TST and cognitive function were not influ-

enced at all.

We found that the most popular method for recording sleep

used by previous reports was actigraphy (ACT) rather than

polysomnography (PSG). Actigraphy is accepted as a reliable

and uniform method for studying sleep and had an excellent

correlation with PSG in dementia.21,28 Although PSG is

regarded as the gold standard, it requires in-depth understand-

ing for adherence to guidelines of use, and poor adherence to

these guidelines may have compromised its application in

advanced stages of dementia.29

Sleep quality is a broad concept comprising both objective

sleep parameters and subjective sleep quality. In the present

analysis, we evaluated both SE and TST from ACT as objective

factors for their generally ascribed value in assessing the effi-

cacy of hypnotic drugs in clinical trials. Both improvement in

SE and extension of TST indicate a better subjective sleep qual-

ity and resulted in a subjective improvement in well-being of

patients after awakening.12 The present study suggests efficacy

as measured by SE and TST in patients with dementia medi-

cated with melatonin, with a more appreciable effect following

a longer duration of therapy. Within the confines of the current

studies analyzed in our meta-analysis, improvement in SE and

prolonged TST were more likely significant following contin-

ued therapy for at least 4 weeks. No substantial differences

were found when analyzing patients with AD exclusively and

comparing to population samples of general dementia. In terms

of other sleep parameters, the measurements and reports varied

in different studies. The analysis of 3 studies indicated no dif-

ference in daytime napping as an effect of melatonin medica-

tion (MD ¼ �11.08, 95% CI: �25.47-3.30, I2 ¼ 43%, P ¼
.13),20,21,24 and this was also the case for time awake after sleep

onset (MD ¼ �8.27, 95% CI: �18.26-1.73, I2 ¼ 0%, P ¼
.11).21,24 Only 1 study reported sleep onset latency, and mela-

tonin benefits in diminishing this latency by �8.23 minutes

(95% CI: �15.38- to 1.08, P ¼ .02).

The second finding of our meta-analysis is that melatonin

treatment failed to improve cognitive function in patients with

dementia. Among the included studies, only 1 reported benefi-

cial effects of melatonin as measured by MMSE.25 In this

study, a significant (P < .05) improvement in MMSE was

reached after 24 months of medication with melatonin, while

no significant influence occurred within 12 months of melato-

nin treatment (P > .05). This outcome is consistent with our

quantitative analysis that benefits are more likely observed

with longer periods of melatonin replacement treatment. Two

studies employed ADAS-cog as an outcome,20,21 and 1

reported an improvement in ADAS-cog (P < .05).20 One possi-

ble explanation of the limited cognitive improvement by mel-

atonin could be a lack of sensitive measurements, as 1 study

revealed a positive impact by melatonin on delayed recall in

dementias.30 We also could not exclude that cognitive

improvement might be a secondary consequence of melatonin.

Previous literature indicated that melatonin is effective in treat-

ing sundowning/agitated behavior and depression in demen-

tia.13,23 As sleep promotion at night could contribute to a

better cognitive performance in the daytime, this effect might

not be obvious and consistent due to individual differences and

various uncontrollable elements. Additionally, patients

recruited for the studies evaluated currently mainly consisted

of advanced dementia; therefore, the limited effects of melato-

nin observed could be explained by severe late-stage CI. Stud-

ies investigating patients with mild cognitive impairment

(MCI) revealed significant improvements in both cognition and

sleep following melatonin replacement.31,32 Patients with MCI

showed cognitive amelioration as measured by MMSE, ADAS-

cog, Trail A and B tasks, and the Rey verbal test. Accordingly,

clinical trials focusing on early prevention of dementia are

needed to clarify possible improvements in cognition using

melatonin at an earlier juncture.

Finally, we assessed the safety of melatonin therapy for peo-

ple with dementia. Few studies have investigated AEs due to

administration of melatonin. For those publications reporting

AEs, the melatonin treatment group was similar to placebo,

considering the incidence and type of AEs, indicating that mel-

atonin was safe in patients with dementia. This finding supports

previous studies of melatonin therapy in elderly people.33 Mel-

atonin provided a more tolerable choice for the elderly popula-

tion compared to most benzodiazepines, which exert side

effects that exacerbate impairment of memory and cognitive

function.

There are certain limitations to be considered in our meta-

analysis. Although SE and TST were analyzed, the dearth of lit-

erature and disunity in measurements do limit the application

of quantitative analysis across other parameters including sleep

onset latency, duration of awakenings at night, and daytime

sleep time. Besides, the range of melatonin doses used is huge,

from 1.5 mg to 10 mg. When combining data on TST for all-

cause dementia, there is significant heterogeneity, particularly

considering the study of Asayama and coworkers. The exclu-

sion of this outlier decreased I2 with a similar result (MD ¼
12.33, 95% CI: 1.44-23.23, I2 ¼ 0%, P ¼ .03); a randomized

effect model was employed to control this limitation.34

The present meta-analysis concludes that melatonin may

have a positive effect in ameliorating sleep disturbances in peo-

ple with dementia, especially patients with circadian rhythm

disturbances. Completion of randomized trials over extended

periods, and across the wide range of doses utilized in the
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primary studies reviewed here, fulfilling sensitive measure-

ments with regard to amelioration of cognitive decline are

required to examine the possible effect of melatonin on func-

tional ability and cognition in the future. Given the recent find-

ings that sleep promotes amyloid clearance,7 it would also be of

interest for future studies of a broad scope and appeal to corre-

late sleep patterns of individuals over long periods of life to

their postmortem amyloid plaque burden.

Authors’ Note

Jing Xu and Li-Ling Wang contributed equally to this work.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The authors disclosed receipt of the following financial support for the

research, authorship, and/or publication of this article: This study was

supported by the National Basic Research Development Program of

China (No. 2010CB945200, 2011CB504104), the National Natural

Science Foundation of China (No. 81171027, 81200842, 91332107),

National ‘‘Twelfth Five-Year’’ Plan for Science & Technology

Support (No.2012BAI10B03), a Shanghai Key Project of Basic Sci-

ence Research (No.09DZ1950400) and the Program for Outstanding

Medical Academic Leaders (No. LJ 06003).

References

1. Prince M, Bryce R, Albanese E, Wimo A, Ribeiro W, Ferri CP.

The global prevalence of dementia: a systematic review and

metaanalysis. Alzheimers Dement. 2013;9(1):63-75. e62.

2. Shub D, Darvishi R, Kunik ME. Non-pharmacologic treatment of

insomnia in persons with dementia. Geriatrics. 2009;64(2):22-26.

3. Hart DJ, Craig D, Compton SA, et al. A retrospective study of the

behavioural and psychological symptoms of mid and late phase

Alzheimer’s disease. Int J Geriatr Psychiatry. 2003;18(11):

1037-1042.

4. McCurry SM, Gibbons LE, Logsdon RG, Vitiello MV, Teri L.

Nighttime insomnia treatment and education for Alzheimer’s dis-

ease: a randomized, controlled trial. J Am Geriatr Soc. 2005;

53(5):793-802.

5. Havekes R, Vecsey CG, Abel T. The impact of sleep deprivation

on neuronal and glial signaling pathways important for memory

and synaptic plasticity. Cell Signal. 2012;24(6):1251-1260.

6. Deuker L, Olligs J, Fell J, et al. Memory consolidation by replay

of stimulus-specific neural activity. J. Neurosci. 2013;33(49):

19373-19383.

7. Xie L, Kang H, Xu Q, et al. Sleep drives metabolite clearance

from the adult brain. Science. 2013;342(6156):373-377.

8. Singer C. Dementia in long-term care. J Am Med Dir Assoc. 2003;

4(6 suppl):S133.

9. Tariot PN, Podgorski CA, Blazina L, Leibovici A. Mental disor-

ders in the nursing home: another perspective. Am J Psychiatry.

1993;150(7):1063-1069.

10. Rovner BW, Kafonek S, Filipp L, Lucas MJ, Folstein MF. Preva-

lence of mental illness in a community nursing home. Am J Psy-

chiatry. 1986;143(11):1446-1449.

11. Pollak CP, Perlick D, Linsner JP, Wenston J, Hsieh F. Sleep

problems in the community elderly as predictors of death and

nursing home placement. J Community Health. 1990;15(2):

123-135.

12. Brzezinski A, Vangel MG, Wurtman RJ, et al. Effects of exogen-

ous melatonin on sleep: a meta-analysis. Sleep Med Rev. 2005;

9(1):41-50.

13. de Jonghe A, Korevaar JC, van Munster BC, de Rooij SE. Effec-

tiveness of melatonin treatment on circadian rhythm disturbances

in dementia. Are there implications for delirium? A systematic

review. Int J Geriatr Psychiatry. 2010;25(12):1201-1208.

14. Chakraborti D, Tampi DJ, Tampi RR. Melatonin and Melatonin

Agonist for Delirium in the Elderly Patients[published online

June 18, 2014]. Am J Alzheimers Dis Other Demen. 2014.

15. Folstein MF, Folstein SE, McHugh PR. ‘‘Mini-mental state’’. A

practical method for grading the cognitive state of patients for the

clinician. J Psychiatr Res. 1975;12(3):189-198.

16. Rosen WG, Mohs RC, Davis KL. A new rating scale for Alzhei-

mer’s disease. Am J Psychiatry. 1984;141(11):1356-1364.

17. Higgins JPT, Green S (eds). Cochrane Handbook for Systematic

Reviews of Interventions Version 5.1.0. The Cochrane Colla-

boration, 2011. http://www.cochrane-handbook.org. Updated

March, 2011.

18. Atkins D, Best D, Briss PA, et al. Grading quality of evidence and

strength of recommendations. BMJ. 2004;328(7454):1490.

19. Serfaty M, Kennell-Webb S, Warner J, Blizard R, Raven P. Dou-

ble blind randomised placebo controlled trial of low dose melato-

nin for sleep disorders in dementia. Int J Geriatr Psychiatry.

2002;17(12):1120-1127.

20. Asayama K, Yamadera H, Ito T, Suzuki H, Kudo Y, Endo S. Dou-

ble blind study of melatonin effects on the sleep-wake rhythm,

cognitive and non-cognitive functions in Alzheimer type demen-

tia. J Nippon Med Sch. 2003;70(4):334-341.

21. Singer C, Tractenberg RE, Kaye J, et al. A multicenter, placebo-

controlled trial of melatonin for sleep disturbance in Alzheimer’s

disease. Sleep. 2003;26(7):893-901.

22. Dowling GA, Burr RL, Van Someren EJ, et al. Melatonin and

bright-light treatment for rest-activity disruption in institutiona-

lized patients with Alzheimer’s disease. J Am Geriatr Soc.

2008;56(2):239-246.

23. Riemersma-van der Lek RF, Swaab DF, Twisk J, Hol EM, Hoo-

gendijk WJ, Van Someren EJ. Effect of bright light and melatonin

on cognitive and noncognitive function in elderly residents of

group care facilities: a randomized controlled trial. JAMA.

2008;299(22):2642-2655.

24. Gehrman PR, Connor DJ, Martin JL, Shochat T, Corey-Bloom J,

Ancoli-Israel S. Melatonin fails to improve sleep or agitation in

double-blind randomized placebo-controlled trial of institutiona-

lized patients with Alzheimer disease. Am J Geriatr Psychiatry.

2009;17(2):166-169.

25. Gao QW LY, Luo GQ, Xiang W, Peng KR. [Effect of melatonin

on mild Alzheimer’s disease in elderly male patients]. Parct Ger-

iatr. 2009;23(1):56-58.

26. Furukawa TA, Barbui C, Cipriani A, Brambilla P, Watanabe N.

Imputing missing standard deviations in meta-analyses can pro-

vide accurate results. J Clin Epidemiol. 2006;59(1):7-10.

446 American Journal of Alzheimer’s Disease & Other Dementias® 30(5)

http://www.cochrane-handbook.org


27. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-

analysis detected by a simple, graphical test. BMJ. 1997;

315(7109):629-634.

28. Ancoli-Israel S, Clopton P, Klauber MR, Fell R, Mason W. Use of

wrist activity for monitoring sleep/wake in demented nursing-

home patients. Sleep. 1997;20(1):24-27.

29. Camargos EF, Louzada FM, Nobrega OT. Wrist actigraphy for

measuring sleep in intervention studies with Alzheimer’s disease

patients: application, usefulness, and challenges. Sleep Med Rev.

2013;17(6):475-488.

30. Jean-Louis G, von Gizycki H, Zizi F. Melatonin effects on sleep,

mood, and cognition in elderly with mild cognitive impairment.

J Pineal Res. 1998;25(3):177-183.

31. Cardinali DP, Vigo DE, Olivar N, Vidal MF, Furio AM, Brusco

LI. Therapeutic application of melatonin in mild cognitive impair-

ment. Am J Neurodegener Dis. 2012;1(3):280-291.

32. Furio AM, Brusco LI, Cardinali DP. Possible therapeutic value

of melatonin in mild cognitive impairment: a retrospective study.

J Pineal Res. 2007;43(4):404-409.

33. Wade AG, Ford I, Crawford G, et al. Nightly treatment of pri-

mary insomnia with prolonged release melatonin for 6 months:

a randomized placebo controlled trial on age and endogenous

melatonin as predictors of efficacy and safety. BMC Med.

2010;8:51.

34. Riley RD, Higgins JP, Deeks JJ. Interpretation of random effects

meta-analyses. BMJ. 2011;342:d549.

Xu et al 447



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


