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Effect of melatonin on cognitive function D
in adults with cognitive impairment: a multi-
dimensional meta-analysis of randomized
trials
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Abstract

Background Cognitive impairment leads to poor daily social and occupational functions and sleep disturbances.
Approximately two-thirds of all individuals with mild cognitive impairment (MCI) experience sleep problems that
further reduce cognitive function. Melatonin, a hormone secreted by the pineal gland, has proven effective in
mitigating sleep problems and cognitive function in individuals with MCl. The current review investigated the efficacy
of melatonin in improving cognitive function in adults with cognitive impairment.

Methods Seven databases were systematically searched for relevant randomized controlled trials published (in
English or Chinese) until April 2025. Two reviewers independently selected studies, assessed quality (using the
Physiotherapy Evidence Database scale), and extracted data.

Results In total, 394 potentially eligible articles were identified. Finally, 8 studies (518 participants) were included.
Five, one, and two studies had good, excellent, and low quality, respectively. Pooled results indicated that melatonin
significantly improved cognitive function in adults with cognitive impairment (mean difference [MD]: 1.08; p < 0.0001).
Subgroup analyses by treatment duration, administration time, and cognitive impairment level revealed that the
effects of melatonin were significant when it was administered for 13—-24 weeks (MD: 2.04; p < 0.00001), between the
times of 20:30 and 21:00 (MD: 2.2; p <0.00001), and to individuals with MCI (MD: 2.63; p <0.000001).

Conclusions Our findings suggest that melatonin is relatively safe for individuals with cognitive impairment. Thus,
we recommend it for adults with MCI. It should be administered between 20:30 and 21:00 for 13-24 weeks.
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Background

Mild cognitive impairment (MCI) is an intermediate
state between normal cognition and dementia [1, 2]. It
is considered to be a transitional stage toward Alzheim-
er’'s disease (AD) [3]. MCI can be further subtyped into
amnestic and nonamnestic forms [1], with the amnestic
subtype commonly progressing to AD [4]. Notably, indi-
viduals with dementia exhibit impaired daily social and
occupational functions [2] and frequent sleep distur-
bances [5, 6].

A recent systematic review (SR) reported that the
crude prevalence of MCI is 27%, whereas that of demen-
tia is 7% [7]. In many individuals, MCI does not progress
to dementia and may even revert to normal cognition [8].
However, approximately half of all individuals with MCI
develop AD within 5 years [9]. Approximately 65% of all
individuals with MCI experience sleep problems [10],
which further impair their cognitive function [11].

Given the lack of effective treatment options for demen-
tia, the MCI stage is a critical period in delaying disease
progression [7]. Thus, early screening and intervention
are crucial to preventing cognitive decline in individuals
with MCIL. Common tools used by health-care profession-
als to screen for dementia and evaluate cognitive func-
tion include the Mini-Mental State Examination (MMSE),
Montreal Cognitive Assessment, and Mini-Cog [2].

Both pharmacological and nonpharmacological inter-
ventions are used to decelerate the progression of MCI
to dementia. Nonpharmacological interventions include
lifestyle modifications (e.g., cognitive training) and sup-
plements aimed at improving cognitive function (e.g.,
Souvenaid) [12]. However, evidence on the effective-
ness of lifestyle modifications remains inconclusive, and
research indicates that Souvenaid does not confer sub-
stantial benefits in individuals with MCI [12]. Addition-
ally, available pharmacological interventions, such as the
use of acetylcholinesterase inhibitors, anti-inflammatory
agents, and nootropics, are focused on mitigating symp-
toms rather than reversing the condition [12]. Further-
more, because of their health risks like increased risk of
fall and dependance, sedatives such as benzodiazepines
are rarely used to manage sleep problems in individuals
with MCI or dementia [11].

Melatonin, a hormone secreted by the pineal gland, can
regulate the circadian rhythm, exert antioxidative effects,
and modulate immune responses [13]. It has been con-
sidered as a dietary supplement in the United States and
is available over-the-counter without a prescription since
1994 [14]. An analysis of UK Biobank data (N = 479,420)
revealed that adequate sleep duration is associated with
improved cognitive performance [15]. Therefore, mela-
tonin supplementation is considered a potential inter-
vention for managing sleep problems and improving
cognitive function in individuals with MCI or dementia
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[13]. However, no SR has comprehensively analyzed the
beneficial effects of melatonin against cognitive impair-
ment across different dimensions such as administration
time, level of cognitive impairment, and dementia sever-
ity. In this review, we analyzed the efficacy of melatonin
in improving cognitive function in adults with cognitive
impairment. Efficacy was analyzed with consideration
of the duration of treatment, dosage of treatment, type
and level of cognitive impairment, and time of melatonin
administration.

Methods

Guidelines

The protocol for this SR and meta-analysis was regis-
tered with the International Prospective Register of Sys-
tematic Reviews (PROSPERO) (registration number:
CRD42024554855). This study adhered to the 2020 Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines [16]

Review question

Can melatonin effectively improve cognitive function in
adults with cognitive impairment? To answer the ques-
tion, we performed subgroup analyses by treatment dura-
tion and dosage, type and level of cognitive impairment,
dementia severity, and melatonin administration time.

Eligibility criteria

This SR included randomized controlled trials where
adults (age > 18 years) with any types of cognitive impair-
ment, such as MCI and any forms of dementia (popula-
tion), received supplementary melatonin (intervention)
or placebo (comparator) and underwent assessments
of postintervention changes in cognitive function (out-
come). Articles published in English or Chinese were eli-
gible for inclusion.

We excluded studies focusing on animals, children, or
adolescents; those involving multiple interventions (i.e.,
melatonin supplementation plus other interventions); and
those analyzing pharmacodynamics or pharmacokinetics.

Search strategy

A three-step approach was adopted to identify potentially
eligible articles. The Cochrane Library (Cochrane Central
Register of Controlled Trials and Cochrane Methodol-
ogy Register), China National Knowledge Infrastructure,
CINAHL, SCOPUS, MEDLINE, Embase, and Web of Sci-
ence databases were systematically searched for relevant
articles published until April 2025. First, MEDLINE was
searched to identify the keywords in the titles or abstracts
and index terms of potentially eligible studies. Second,
all electronic databases were extensively searched using
the identified keywords and Medical Subject Head-

ings terms—such as “melatonin,” “ cognitive,
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cognition,



Leung et al. Alzheimer's Research & Therapy (2025) 17:238

“cognitive function,” “dementia,” and “Alzheimer” Third,
other literature sources were manually searched to iden-
tify eligible original studies. In addition, the reference
lists of all identified studies were reviewed for additional
original studies. Furthermore, the ClinicalTrial.gov reg-
istry was searched for relevant and ongoing studies. The
search strategies used for the seven databases are pre-
sented in Supplementary S-Table 1.

Article selection

The search results were imported into a Web and mobile
application, Rayyan, for duplicate removal [17]. A pilot
screening and selection of the studies was conducted
to ensure consistency before reviewing all studies. Two
reviewers (LYL and HL) independently screened the titles
and abstracts of all identified studies to confirm their eli-
gibility for inclusion in this SR. If a study was deemed
eligible for inclusion or if the information provided in
the title or abstract was insufficient, the full text was
reviewed for eligibility assessment. Between-reviewer
disagreements were resolved through discussion with a
third reviewer (JKM). The agreement level of the review-
ers was assessed using Cohen’s Kappa coefficient, with
the result K = 0.8160 (excellent agreement) [18].

Study quality assessment

Before the inclusion of eligible studies, LYL and HL inde-
pendently assessed methodological quality by using the
Physiotherapy Evidence Database (PEDro) scale [19].
This scale comprises 11 yes/no items. With the exception
of the first, all items contribute 1 point each to the total
score, which ranges from 0 to 10 points. The included
studies were rated as “excellent” (9-10 points), “good”
(6—8 points), “fair” (4-5 points), or “poor” (< 4 points).
Risk of bias was evaluated in the following domains: gen-
eration of a randomization sequence, concealment of
treatment allocation, blinding of participants and person-
nel, completeness of outcome data, selective reporting
of outcome data, and other sources of bias (Supplemen-
tary S-Table 2). Between-reviewer disagreements were
resolved through discussion with JKM.

Data extraction

LYL and HL independently extracted the following data
from the included studies by using a self-developed
extraction form (Microsoft Excel): author name; pub-
lication year; study aim, design, country, setting, and
duration; sample size; population characteristics; inter-
ventions; and outcome measures. Authors of the origi-
nal articles were contacted for data that were missing or
could not be extracted. JKM confirmed the accuracy of
the extracted data.
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Data synthesis and statistical analysis

If three or more studies reported the outcome of inter-
est, data were pooled and subjected to meta-analysis,
which was performed using Review Manager [RevMan],
[Computer program], Version 5.4, The Cochrane Col-
laboration, 2020. Mean difference (MD) values and
corresponding 95% confidence intervals (Cls) were calcu-
lated for continuous data collected using the same scale.
Heterogeneity across the included studies was assessed
using the I” statistic, with I” values of 25%, 50%, and 75%
indicating low, moderate, and high levels of heteroge-
neity, respectively [20, 21]. In cases of low to moderate
heterogeneity or when only a few studies were available
to obtain an accurate estimate of the between-studies
variance, a fixed-effects model was used; otherwise, a
random-effects model was adopted [22, 23]. Sensitivity
analysis was performed for meta-analysis results with
high heterogeneity or when the eligibility of certain stud-
ies was doubtful. For outcomes reported in a single SR or
when data pooling was statistically infeasible, the find-
ings were summarized narratively. If sufficient data were
available, subgroup analyses by treatment duration and
dosage, different types and levels of cognitive impair-
ment, dementia severity, and melatonin administration
time were performed.

Protocol deviation

This review strictly adhered to the registered protocol,
with the exception that the criteria for model selection
in the meta-analyses were refined during the review
process.

Patient and public involvement
Neither patients nor the public was involved in the con-
duct of this study or the preparation of the manuscript.

Results

Study selection

The literature search yielded 394 English and Chinese
articles. After the removal of 27 duplicate records and
294 irrelevant articles, 73 articles were subjected to full-
text screening. From these articles, 65 were excluded due
to irrelevant populations, interventions, outcomes, or
study designs; duplicate entries; articles available only as
abstracts or protocols; and those not published in English
or Chinese. The excluded studies are listed in Supplemen-
tary S-Table 3. Finally, eight studies (518 participants)
were included in this SR (Fig. 1) [5, 6, 11, 24-28].

Study characteristics

Table 1 presents the characteristics of the included stud-
ies. The studies were published between 2002 and 2024.
Two studies were conducted in China [25, 28], whereas
the remaining studies were conducted in Australia [26],
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Fig. 1 Flow diagram of retrieving and selecting studies

Japan [24], Mexico [11], the Netherlands [27], the United
States [5], and the United Kingdom plus the United States
[6]. Sample sizes ranged from 20 [24] to 157 [5]. Daily
melatonin dosages ranged from 2 mg [6] to 25 mg [26].
Intervention durations ranged from 5 weeks [24] to 3.5
years [27]. Participants included patients with AD [6, 24,
25], dementia [27], MCI [26, 28], or AD with sleep dis-
turbances [5]. Administration times for melatonin were
as follows: 20:30 [24, 28], 21:00 [11], before bedtime [27],
and 1 to 2 h before bedtime [5, 6, 26]. Notably, Gao et al.
did not report the time of melatonin administration [25].
All included studies did not report any industry sponsor-
ship or funding. Outcome measures included cognitive
function, dementia severity, depression severity, func-
tional independence, sleep quality, self-esteem, and func-
tional impairment.

Study quality

The methodological quality of the included studies was
assessed using the PEDro scale (Supplementary S-Table
4). Quality scores ranged from 5 to 10, with an average
of 7.375. Two studies had fair quality [25, 28], five had
good quality [5, 6, 11, 24, 26], one had excellent quality
[27]. All studies reported random allocation (Item 2 of
the PEDro scale). However, only one study adopted the

intention-to-treat approach [27], and only three studies
reported therapist (intervention provider) blinding [6, 11,
271].

Results of meta-analysis

In addition to performing a meta-analysis of cogni-
tive function, we performed subgroup analyses and the
results as follow.

Overall effects of melatonin on cognitive function

The pooled results from seven studies indicated that
melatonin supplementation led to significant improve-
ments in cognitive function [5, 6, 11, 24, 25, 27, 28], as
indicated by the patients’ MMSE scores (MD: 1.08; 95%
CL 0.56-1.60; P = 53%; p < 0.0001; Fig. 2). However,
their Alzheimer’s Disease Assessment Scale—Cognitive
Subscale (ADAS-Cog) scores revealed no significant
improvement (MD: -0.68; 95% CI: -2.00 to 0.63; I° =
14%; p = 0.31; Fig. 3). Consistently, Menczel Schrire et al.
reported that melatonin did not improve cognitive func-
tion [26], as indicated by the patients’ Cambridge Neu-
ropsychological Test Automated Battery scores (MD:
-0.06; 95% CI: —0.50 to 0.39) of the subscale Total Errors
Adjusted, Partial Assessment Learning Task.
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Riemersma-van (2.5mg, 1.5y) -0.2 235 18 -06 591 18  31% 0.40[-2.54,3.34] 2008
Riemersma-van (2.5mg, 1y) 1.2 1.83 27 02 785 22 24% 1.00[-2.35,4.35 2008
Riemersma-van (2.5mg, 2y) 0 233 9 -1.8 5863 10 19% 1.80[2.01,561] 2008
Riemersma-van (2.5mg, 6mo) -03 24 39 1.3 6.62 3 45% -1.60[-4.05,085) 2008 I
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Gao (2.9mg, 24w) 08 1.34 15 -05 581 16  31% 1.30[-1.63,4.23] 2009 B
Wade (2mg, 24w) -02 1.9 32 19 587 29 54% 1.70[-0.54,3.94] 2014 -
Morales-Delgado (5mg, 8w) -1 244 16 -1 4.04 15 48% 0.00[-237, 237 2018 I ER
Xu (0.15mglkg, 6mo) 1.1 1.99 40 -1.53 1.98 39 350% 2.63[1.75,351] 2020 —
Subtotal (95% ClI) 364 291 100.0% 1.08 [0.56, 1.60] <&
Heterogeneity: Chi*= 25.64, df=12 (P=0.01), F= 53%
Test for overall effect: Z= 4.09 (P < 0.0001)
Total (95% CI) 364 291 100.0% 1.08[0.56, 1.60] <&
Heterogeneity: Chi*= 25.64, df=12 (P = 0.01); = 53% x 3 0 } :
Test for overall eﬁegt: Z=409(P <« 000(01) Control Melatonin
Test for subgroup differences: Not applicable
Fig. 2 Changes in cognitive functions (MVMSE)
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Fig. 3 Changes in cognitive functions (ADAS-Cog)Changes in cognitive functions (ADAS-Cog)

Results of subgroup analysis by treatment duration

We performed a subgroup analysis by treatment duration.
Pooled data from seven studies [5, 6, 11, 24, 25, 27, 28]
suggested that melatonin significantly improved cognitive
function when administered for 13—24 weeks (MD: 2.04;
95% CI: 1.30-2.79; I = 72%; p < 0.00001; Fig. 4), as indi-
cated by the patients’ MMSE scores. However, pooled data
from three studies revealed no significant improvement
for any treatment duration, as indicated by the patients’
ADAS-Cog scores (Fig. 5) [5, 6, 24].

Results of subgroup analysis by treatment dosage

We performed a subgroup analysis by treatment dosage.
Pooled data from seven studies revealed that melatonin
significantly improved cognitive function when admin-
istered at a daily dosage of > 5 mg (Fig. 6) [5, 6, 11, 24,
25, 27, 28], as indicated by the patients’ MMSE scores.
However, cognitive outcomes for a daily dosage of = 5 mg
exhibited high heterogeneity (MD: 1.61; 95% CI: 0.90 to
2.32; Z = 87%; p < 0.00001; Fig. 6). Pooled data from three

studies suggested no significant effect of any dosage, as
indicated by the patients’ ADAS-Cog scores (Fig. 7) [5, 6,
24].

Results of subgroup analysis by cognitive impairment type
We performed a subgroup analysis by cognitive impair-
ment type. Cognitive impairment was categorized as AD
[5, 6, 25], MCI [28], or mixed/other types (e.g., mild or
moderate dementia) [6, 11, 27]. The meta-analysis indi-
cated that melatonin exerted no significant effect on
cognitive function in individuals with AD or mixed/
other types of cognitive impairment. However, Xu et al.
reported that melatonin significantly improved cogni-
tive function in individuals with MCI (MD: 2.63; 95% CI:
1.75-3.51; p < 0.00001; Fig. 8) [28].

Results of subgroup analysis by dementia severity

We performed a subgroup analysis by dementia severity.
On the basis of the MMSE score, dementia was catego-
rized as mild [6, 25] or moderate [5, 11, 24, 27]. The pooled
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Melatonin Control Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed.95%Cl Year IV, Fixed. 95% CI
3.1.1 equal to or less than 12 wks
Asayama (3mg, 4w) 2.7 268 10 16 283 8 41% 1.10[-1.47,3.67] 2003 ]
Singer (10ma, 8w) 02 34 50 034 27 24 131% -0.54[1.97,0.89) 2003 —T
Singer (2.5mg, 8w) 033 28 47 034 27 23 144% -0.01[1.37,1.35 2003 —
Riemersma-van (2.5mg, 6w) 18 24 46 11 694 40 53% 0.70[-1.56,2.96) 2008 —
Gao (2.9mg, 12w) 0.4 136 15 -0.3 581 16 31% 0.70[-2.23,3.63] 2009 -
Morales-Delgado (5mg, 8w) -1 244 16 -1 404 15 48% 000237237 2018 - L
Subtotal (95% Cl) 184 126 44.7% 0.07 [-0.70, 0.84] >
Heterogeneity. Chi*=1.81,df=5(P=0.88), F=0%
Test for overall effect: Z= 0.18 (P = 0.86)
31.21310 24 wks
Riemersma-van (2.5mg, 6mo) -03 24 39 1.3 6.62 3 4.5% -1.60[-4.05,0.85 2008 I
Gao (2.9mg, 24w) 08 1.34 15 -05 581 16 31% 1.30[-1.63,64.23] 2009 -
Wade (2mg, 24w) 02 1.9 32 -19 587 29 54% 1.70[-0.54,3.94] 2014 ]
Xu (0.15mglkg, 6mo) 1.1 199 40 -1.53 198 39 350% 263(1.75,351] 2020 ——
Subtotal (95% Cl) 126 115 48.0% 2.04[1.30,2.79] >
Heterogeneity. Chi*= 10.56, df= 3 (P=0.01); F=72%
Test for overall effect: Z= 5.36 (P < 0.00001)
3.1.3 25 wks or more
Riemersma-van (2.5mg, 2y) 0 233 9 -18 563 10 1.9% 1.80[-2.01,6561] 2008
Riemersma-van (2.5mg, 1.5v) -0.2 235 18 -06 591 18 31% 040[-254,3.34] 2008
Riemersma-van (2.5mg, 1y) 1.2 183 27 02 785 22 24% 1.00[235,64.35] 2008
Subtotal (95% CI) 54 50 7.3% 0.95[-0.96, 2.86] —~a—
Heterogeneity: Chi*= 0.33, df= 2 (P = 0.85), F= 0%
Test for overall effect: Z= 0.97 (P =0.33)
Total (95% CI) 364 291 100.0% 1.08 [0.56, 1.60] <&
Heterogeneity: Chi*= 25.64, df= 12 (P = 0.01); F= 53% = 1 & &
Test for overall effect: Z= 4.09 (P < 0.0001) Control Melatonin
Test for subgroup differences: Chi*=12.94, df=2 (P = 0.002), F=84.5%
Fig. 4 Changes in cognitive functions in different durations (MMSE)

Melatonin Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95%ClI IV, Fixed, 95% CI
3.2.1 Equal to or less than 12 wks
Asayama (3mg, 4w) -43 619 10 03 412 8 75% -460([-9.38,0.18)
Singer (10mg, 8w) 025 54 50 14 49 23 27.4% -1.15[-3.65,1.35) T T
Singer (2.5mg, 8w) 097 55 50 14 49 24 278% -043[-291,209) -
Subtotal (95% CI) 110 55 62.7% -1.24[-2.90,0.41] B
Heterogeneity: Chi*=2.31,df=2(P=0.32); F=13%
Testfor overall effect: Z=1.47 (P=0.14)
3.2.213 10 24 wks
Wade (2mg, 24w) 0.44 499 29 019 297 26 37.3% 0.25[-1.90, 2.40) t
Subtotal (95% CI) 29 26 37.3% 0.25[-1.90, 2.40]
Heterogeneity: Not applicable
Test for overall effect: Z=0.23 (P = 0.82)
Total (95% CI) 139 81 100.0% -0.69[-2.00,0.62] q
Heterogeneity: Chi*= 3.48, df = 3 (P = 0.32); F= 14% v g g : i

Test for overall effect: Z=1.03 (P = 0.30)

Test for subgroup differences: Chi*=1.17,df=1 (P=0.28), F=14.4%

Fig.5 Changes in cognitive functions in different durations (ADASCog)

results indicated that melatonin insignificantly improved
cognitive function in individuals with mild dementia (MD:
1.32; 95% CI: —0.20-2.84; I = 0%; p = 0.09; Fig. 9).

Results of subgroup analysis by melatonin administration
time

We performed a subgroup analysis by melatonin admin-
istration time. The drug was administered between

Melatonin Control

20:30 and 21:00 [11, 24], 1 to 2 h before bedtime [5,
6, 26], immediately before bedtime [27], or at other
times [25]. The results indicated that melatonin signifi-
cantly improved cognitive function when administered
between 20:30 and 21:00 (MD: 2.20; 95% CI: 1.42-2.98;
P = 60%; p < 0.00001; Fig. 10).
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Melatonin Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% CI
4.1.1 less than or equal to 4.9mg
Singer (2.5mg, 8w) 033 28 47 034 27 23 144% -0.01[1.37,1.35 2003 . S
Asayama (3muo, dw) 2.7 288 10 1.6 2.83 8 41% 1.10[-1.47,3.67] 2003 —
Riemersma-van (2.5mg, 2v) 0 233 9 -18 563 10 1.9% 1.80[2.01,561] 2008
Riemersma-van (2.5mg, Bmao) -03 24 39 1.3 BB2 3 4.5% -1.60[-4.05 0.85 2008 —
Riemersma-van {2.5mg, Gw) 1.8 24 46 11 694 40  5.3% 0.70[1.56,2.96] 2008 —
Riemersma-van (2.5mag, 1.5v) -0.2 2.35 18  -06 591 18 31% 0.40[-254,3.34] 2008
Riemersma-van (2.5ma, 1y) 1.2 183 27 02 785 22 24% 1.00[2.35 4.35 2008
Gan (2.9mg, 24w) 0.8 134 15 -05 581 16  31% 1.30[1.63,4.23] 2009
Gao (2.9mg, 12w) 0.4 1.36 15  -0.3 581 16 31% 0.70[-2.23,363] 2009
Wade (2rmg, 24w) -0.2 1.9 32 1.9 887 29 5.4% 1.70[-0.54,3.94] 2014 -
Subtotal (95% Cl) 258 213 47.2% 0.49[-0.26,1.25] i
Heterogeneity: Chi*=5.55, df=9{P=0.78);, F= 0%
Test for averall effect: Z=1.28 (F=0.20)
4.1.2 5mg or more
Singer (10mag, 8w) -0.2 34 50 034 27 24 131% -0.54[-1.97,0.89] 2003 —
Morales-Delgado (5o, 8w) 1 244 1B -1 404 15 4.8% 000[2.37,2.37] 2018
¥u (0.1 5marky, Bmo) 14 193 40 -1.53 1.98 38 350% 2.63[1.75 3.51] 2020 —a—
Subtotal (95% Cl) 106 78 52.8% 1.61[0.90,2.32] ‘
Heterogeneity: Chi*= 15.63, df= 2 (P = 0.0004); F=87%
Test for averall effect: Z=4.43 (P = 0.00001)
Total (95% CI) 364 291 100.0% 1.08 [0.56, 1.60] <>
Heterogeneity: Chi*= 2564, df=12 (P =0.01); F=53% 54 12 b é 4{1
Test for overall effect: Z=4.08 (P = 0.0001) Conliol Metstonin
Test for subgroup differences: Chi*= 4,46, df=1 {P=0.03), F=77.6%
Fig.6 Changes in cognitive functions at different dosages (MMSE)
Melatonin Control Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed. 95% Cl IV, Fixed. 95% CI
4.2.1 Less than or equal to 4.9mg
Asayama (3mg, 4w) -43 619 10 03 412 8 7.5% -460[-9.38,0.18]
Singer (2.5mg, 8w) 097 55 50 14 489 24 28.0% -0.43[-2.91,2.05) -
Wade (2mg, 24w) 0.44 499 289 019 297 26 37.5% 0.25[-1.90, 2.40] :
Subtotal (95% CI) 89 58 73.0% -0.51[-2.05,1.03]
Heterogeneity: Chi*= 3.30, df= 2 (P =0.19), F= 39%
Test for overall effect: Z= 0.65 (P = 0.51)
4.2.2 5mg or more
Singer (10mg, 8w) 025 54 47 14 489 23 27.0% -1.15[-3.68,1.38) -7 [
Subtotal (95% CI) 47 23 27.0% -1.15[-3.68,1.38] i
Heterogeneity: Not applicable
Test for overall effect: Z=0.89 (P = 0.37)
Total (95% CI) 136 81 100.0% -0.68[-2.00,0.63] q
Heterogeneity: Chi*= 3.47, df = 3 (P = 0.32); F= 14% o * > : L

Test for overall effect. Z=1.02 (P=0.31)

Test for subgroup differences: Chi*=0.18, df=1 (P = 0.67), F=0%

Fig. 7 Changes in cognitive functions at different dosages (ADASCog)

Results of sensitivity analysis by treatment dosage

Sensitivity analysis was performed to investigate the
effect of a daily melatonin dosage of > 5 mg on cognitive
function. After the exclusion of the study by Singer et al.
(5], the I value for heterogeneity remained high (MD:
2.31; 95% CI: 1.49-3.14; > = 76%; p < 0.00001; Supple-
mentary S-Table 5). When the study by Xu et al. was
excluded [28], both the I value for the subgroup analy-
sis and the overall /* value decreased to 0%, indicating
the elimination of heterogeneity. However, the results
regarding the effect of the indicated melatonin dosage on

Melatonin Control

cognitive function became nonsignificant (Supplemen-
tary S-Table 5).

Adverse effects

Two studies reported no adverse effects (AEs) of the
intervention [24, 28]. Two other studies reported no AEs
throughout the study period [11, 25]. The remaining four
studies reported AEs separately for the intervention and
control groups [5, 6, 26, 27]. The AEs of the intervention
groups included gastrointestinal distress, fall, abnor-
mal dreams, etc., where the AEs of the control groups
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Melatonin Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed,95%Cl Year IV, Fixed, 95% CI
7.1.1 Mild cognitive impairment

Hu (0.1 5malkg, Bmo) 1.1 1.99 40 -1.53 1.498 39 350% 263 [1.753.51] 2020 ——
Subtotal (95% CI) 40 39 35.0% 2.63[1.75 3.51] -
Heterogeneity: Mot applicable

Test for overall effect: Z=5.89 (P = 0.00001)

7.1.2 Alzheimer's dementia

Asayama (3mg, 4w) 27 268 10 16 283 8 41% 110[1.47, 367 2003 -

Singer (10mg, Sw) -0z 34 50 034 27 24 131% -0.54 [1.97,0.89] 2003 - 1

Singer (2.5mo, 8w) 033 28 47 034 27 23 14.4% -0.01[1.37,1.35] 2003 -1

Gao (2.9mg, 12w) 04 1.368 15 -0.3 581 16 31% 0.70[2.23 3.63] 2009 -

Gao (2.9mg, 24w) 08 1.34 18 -05 581 16 31% 1.30[1.63, 4.23] 2009 -

Subtotal (95% CI) 137 87 37.8% 0.09[0.75,0.94] -
Heterogeneity: Chi*= 218, df=4 (P =0.70); F= 0%

Test for overall effect: Z=0.22 (P = 0.83)

7.1.3 Mixed or other types

Riemersma-van (2.5mg, Bw) 18 24 46 1.1 694 40 53% 0.70[1.56,2.96) 2008 -1
Riemersma-van {2.5mg, 1.5v) -0.2 235 18 -06 591 18 31% 0.40[2.54, 3.34] 2008

Riemersma-van {2.5mg, 1v) 1.2 1.83 27 02 785 22 24% 1.00[2.35 435 2008

Riemersma-van (2.5mg, 2v) 0 233 5 -18 5863 10 1.89% 1.80[2.01,5.61] 2008

Riemersma-van {2.5mg, Gma) -03 24 39 1.3 GBE2 kil 4.5% -1.60[4.05 085 2008 _

YWade (2mo, 24w) -0.2 1.3 32 189 587 29 54% 1.70[0.54, 394 2014 -1
Morales-Delgado (5mg, Sw) -1 244 16 -1 404 18  48% 000[2.37 237 2018

Subtotal (95% CI) 187 165 27.2% 0.46 [-0.53, 1.46] -
Heterogeneity: Chi*= 4 66, df=6 (P = 0.59), F=0%

Test for overall effect: Z=0.91 (P = 0.36)

Total (95% CI) 364 291 100.0% 1.08 [0.56, 1.60] <>
Heterogeneity, Chi#= 25.64, df= 12 (P = 0.01}; F=53% 4 2 } 2 4
Test for averall effec't: Z=409 (P < 0.0001) Control Melatonin
Test far subaroup differences: Chi*=18.79, df=2 (P = 0.0001), F= 89.4%
Fig. 8 Changes in cognitive functions across different types of cognitive impairment (MMSE)

Melatonin Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% CI
9.1.1 Mild level

Gao (2.9mg, 12w) 0.4 136 15 -03 581 16 4.8% 070[2.23 363 2009 —

Gao (2.9mg, 24w) 08 1.34 15 -05 581 16 4.8% 1.30[1.63, 423 2009 —

Wade (2mg, 24w) -0.2 1.9 32 -189 587 29 B2% 1.70[-0.54, 3594] 2014 ]

Subtotal (95% CI) 62 61 17.9% 1.32[-0.20,2.84] e
Heterogeneity: Chi®=0.28, df= 2 {F=087), F=0%

Test for averall effect: Z=1.71 (P =0.09)

9.1.2 Moderate level

Singer (10mg, 8w -0z 34 50 034 27 24 201% -0.54[-1.97 089 2003 .

Singer (2.5mg, Sw) 033 28 47 034 27 23 22.2% -0.01[-1.37,1.39 2003 .
Asayama (3mg, 4w) 2.7 268 10 1.6 283 8  B.2% 1.10[1.47 367 2003 —
Riemersma-van (2.5mdg, Gw) 18 24 46 1.1 694 40 B1% O070[-1.56,2.96 2008 R —
Riemersma-van {2.5mug, 1.5v) -0.2 235 18 -06 591 18 48% 040254, 334 2008 E—
Riemersma-van (2.5mg, 14) 1.2 1.83 27 0.2 785 22 37% 1.00[-2.35,4.35 2008

Riemersma-van (2.5mug, 2y) 0 233 9 -1.8 563 10  2.8% 1.80[2.01,561] 2008

Riemersma-van (2.5mg, Gma) -03 24 349 1.3 B.62 kKl 6.9% -1.60[-4.05 0.85] 2008 —
Morales-Delgado (5mug, 8w) -1 244 16 -1 4.04 15  74% 000[2.37, 237 2018 B —
Subtotal (95% CI) 262 191 82.1% 0.01[-0.69,0.72] <
Heterogeneity: Chi*= 453, df=8{F =081}, F=0%

Test for averall effect: Z=0.04 {P=0.97)

Total (95% CI) 324 252 100.0% 0.25[-0.39,0.89] ?
Heterogeneity: Chi*= 715, df=11 (P=0.79); F=0% 14 52 3 t jl

Testfor overall effect: Z= 0.76 (P = 0.45)

Test for subgroup differences: Chi*=2.34, df=1 (P=013), F=57.3%

Fig. 9 Changes in cognitive functions across different levels of dementia (MMSE)

Control Melatonin
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Melatonin Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV.Fixed,95%Cl Year IV, Fixed, 95% CI
8.1.1 20:30 to 21:00
Asayama (3ma, 4w) 27 268 10 16 283 8 41% 1.10[1.47 3.67] 2003 ]
Morales-Delgado (5mg, 8w) -1 244 16 -1 404 15  48% 000[F2.37, 237 2018
Hu {0.15mofkg, Bmo) 1.1 1.99 40 -1.53 1.98 39 350% 2.63[1.75 3.41] 2020 ——
Subtotal (95% CI) 66 62 43.8% 2.20[1.42,2.98] -
Heterogeneity: Chi®= 4.95 df=2 (P=0.08), F=60%
Test for overall effect: Z=5.52 (P = 0.00001)
8.1.2 1-2 hr before bedtime
Singer (10mg, 8w) -0.2 34 50 034 27 24 131% -0.54 [1.97,0.88] 2003 - 1
Singer (2.5mg, Bw) 033 28 47 034 27 23 14.4% -0.01[1.37,1.35] 2003 - 1
Wade {Zmg, 24w) -0.2 1.9 32 19 587 289  54% 1.70[0.54, 3.94] 2014 ]
Subtotal (95% CI) 129 76 32.8% 0.06 [-0.85,0.96] -
Heterageneity: Chi*= 2.75, df= 2 (P=0.25), F= 27%
Test for overall effect: Z=0.13 (P = 0.90)
8.1.3 before bedtime
Riemersma-van (2.5mg, Bw) 18 24 46 11 694 40 53% O0.70[1.56, 2.96) 2008 ]
Riemersma-van (2.5mdg, 1.5y) -0.2 235 18 -06 59 18 31% 0402454, 3.34] 2008
Riemersma-van {2.5mg, 1) 1.2 1.83 27 02 785 22 2.4% 1.00[2.35 435 2008
Riemersma-van (2.5mg, 2v) 0 233 9 -18 563 10 1.8% 1.80[F2.01,5.61] 2008
Riemersma-van (2.5mg, 6mao) 03 24 39 1.3 662 kil 4.5% -1.60[-4.05, 085 2008 - 1
Subtotal (95% CI) 139 121 17.1% 0.20 [-1.05, 1.46] ~
Heterogeneity: Chi*= 318, df= 4 (P=0.53); F=0%
Test for averall effect Z=0.32 (F=0.7%9)
8.1.4 Other
Gao (2.9mg, 24w) 0e 1.34 15 -05 581 16 31% 1.30[1.63,4.23] 2009
Gao (2.9mg, 12w) 0.4 1.36 15 -03 581 16 31% 0.70[F2.23 3.63] 2009 - =
Subtotal (95% CI) 30 32 6.3% 1.00 [-1.07, 3.07] —i———
Heterogeneity, Chi*=0.08, df=1 (P=0.78); F=0%
Test for overall effect: Z= 095 (P =0.34)
Total (95% Cl) 364 291 100.0% 1.08 [0.56, 1.60] <&

Il 1 1

Heterogeneity: Chi*= 25.64, df=12 (P=0.01); F=53%
Test for overall effect: Z=4.09 (P = 0.0001)
Testfor subgroup differences: Chi*=14.68, df= 3 (P =0.002), F=79.6%

1
-2 0 2 4
Control  Melatonin

Fig. 10 Changes in cognitive functions at different administration times (MMSE). Remarks: Other = at night time, not specify the administration time of

melatonin

included fatigue, insomnia, sinusitis, etc. (Supplementary
S-Table 6).

Attrition rate

All studies reported attrition rates, which ranged from
0% [24, 28] to 96.7% [27]. The high attrition rate in the
study by Lek et al. occurred during a 3.5-year follow-up
period [27]. However, this high rate did not influence
treatment outcomes when the analysis was limited to the
first 1.5 years of follow-up. Only one study reported an
overall attrition rate without differentiating between the
study groups [25].

Discussion

Summary of evidence

To the best of our knowledge, this is the first SR and
meta-analysis to analyze the efficacy of melatonin in
improving cognitive function in adults with cognitive
impairment and the effects of treatment duration and
dosage, type and level of cognitive impairment, demen-
tia severity, and administration time on this efficacy.
Data from eight studies were analyzed [5, 6, 11, 24—28].
The pooled results revealed that melatonin significantly

improved cognitive function, as indicated by patients’
MMSE scores. This finding differs from those of Wang
et al. [29] and Xu et al. [30], who reported no significant
improvement on the basis of patients’ MMSE or ADAS-
Cog scores.

In this study, subgroup analyses indicated that mela-
tonin significantly improved cognitive function when
administered for 13-24 weeks, between the times of
20:30 and 21:00, and to individuals with MCI. Similarly,
Gao et al. reported that melatonin supplementation for
24 weeks markedly improved cognitive function in indi-
viduals with early AD [25], as indicated by their MMSE
scores. The researchers suggested that long-term melato-
nin use can decelerate the progression of AD in its early
stages. These findings align with those of Sumsuzzman et
al. [13], who concluded that melatonin is relatively effec-
tive in individuals with MCI and when administered for
>12 weeks, as indicated by patients’ MMSE but not their
ADAS-Cog scores.

Our findings are in line with a previous review that
some outcomes assessed by MMSE demonstrated signifi-
cant results, but all outcomes assessed with ADAS-Cog
showed no significant differences [13]. In comparison
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with ADAS-Cog, MMSE is more sensitive to measur-
ing changes in MCI and early stages of AD [31]. Another
possible reason is related to the focus of the scales that
ADAS-Cog emphasizes ideation and motor planning,
while MMSE focuses on attention [32].

Although a high attrition rate (96.7%) was noted in the
reviewed literature, it occurred in a single study with a
follow-up duration of 3.5 years [27]. The main reasons for
attrition were the closure of facilities, high vulnerability
of the population, and admission to nursing homes [27].
However, attrition rates in the remaining studies ranged
from 0% to 20%, which is considered acceptable [33].

Reporting biases

All included studies had fair [25, 28] to excellent [27]
quality. All studies were double-blinded but lacked blind-
ing of all therapists (Item 7 of the PEDro scale). Xu et al.
reported that one outcome assessor was blinded to group
allocation and clinical diagnosis [28]. The lack of assessor
blinding may have led to overestimation of intervention
effects [34]. Six studies (75%) did not adopt the intention-
to-treat approach (Item 9 of the PEDro scale) [5, 6, 11, 24,
25, 28], which increases the limitations and reduces the
accuracy of the findings [35, 36].

Strengths

This study has several strengths. First, to the best of our
knowledge, it is the first study to evaluate the efficacy of
melatonin in improving cognitive function in adults with
cognitive impairment and the effects of treatment duration
and dosage, cognitive impairment type, dementia severity,
and administration time on this efficacy. Second, the quality
of the included studies was assessed using the well-validated
PEDro instrument. Third, the SR protocol was registered
with the PROSPERO. No amendments were made after
registration, which increased the transparency of the review
process. Fourth, a comprehensive search was conducted
across multiple electronic databases to identify potentially
eligible studies. Finally, study selection, quality appraisal,
and data extraction were independently performed by two
reviewers, with disagreements resolved through discussion
with a third reviewer.

Limitations

This review has four key limitations. First, the possibil-
ity of a publication bias cannot be ignored because only
Chinese or English articles were included in our SR,
resulting in the exclusion of relevant studies published
in other languages. Second, the included studies gener-
ally had small sample sizes, with a median of 50 partici-
pants, resulting in wide CIs and low precision. Third, the
studies varied in terms of treatment duration (range: 4
weeks to 3.5 years) and melatonin administration time
(at night, before bedtime, or 1 to 2 h before bedtime). To
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address this, we performed subgroup analyses. Fourth,
for some subgroups with moderate to high heterogeneity
(e.g., changes in cognitive functions from 13 to 25 weeks
as measured by MMSE), meta-regression is recom-
mended in future reviews to examine treatment effects
while adjusting for differences across studies and iden-
tify study-level covariates that may explain heterogene-
ity [37]. Fifth, the inclusion of only Chinese and English
studies in this review may limit the generalizability of the
results. Finally, treatment adherence was not reported;
this reduces the accuracy of the results.

Implications for future studies and practice

Our findings highlight a need for large-scale studies. In
addition, we strongly recommend conducting individual
participant data meta-analyses or network meta-analy-
ses to examine effect moderators more comprehensively
in future studies. Future research should analyze the
effects of melatonin across treatment durations, dosages,
and patient characteristics. Longitudinal methodologi-
cally rigorous studies are required to confirm the effects
of melatonin on cognitive function. On the basis of our
findings, we recommend melatonin for adults with MCL
For optimal benefits, melatonin should be administered
between 20:30 and 21:00 for 13—-24 weeks.

Although melatonin is regarded as a supplement instead
of a prescription medication, it is important to consider its
safety, tolerability, and adverse effects when administer-
ing it. Tuft et al. reviewed primary studies that reported the
maximum dosages of up to 1600 mg per day [14]. However,
it is suggested to start with a lower dosage of 1-2 mg daily
[38] and avoid exceeding 10 mg daily, as a higher dosage is
associated with a higher rate of adverse effects [14].

Conclusion

This SR supports the benefits of melatonin in adults with
cognitive impairment, particularly those with MCI, when
administered between 20:30 and 21:00 for 13-24 weeks.
Melatonin appears to be relatively safe for individuals with
cognitive impairment. However, individual participant
data meta-analyses or network meta-analyses incorporat-
ing meta-regression are recommended to be conducted in
future. In addition, further clinical trials with robust meth-
ods and large sample sizes are necessary to confirm this.
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