
 

 

Introduction 
 
Normal aging is characterized by a decline of 
cognitive capacities including reasoning, mem-
ory and semantic fluency, which can be de-
tected as early as the 5th decade of life [1]. 
Although there is a high variability across cogni-
tive domains measured and between individu-
als in the degree and timing of age-related cog-
nitive losses, there is evidence for a preclinical 
stage in dementia in which cognitive perform-
ance is borderline as compared to normal aging 
[2]. In community-based studies up 28% of a 
sample of healthy community-dwelling older 
show deficits in performance that were not ex-
plained by age related changes, education lev-
els, mood or health status [3]. This strongly sug-
gests the existence of early pathological 
changes which is a transitional state taking 
place between normal aging and early Alz-

heimer disease (AD) [4].  
 
Mild cognitive impairment (MCI) is diagnosed in 
those who have an objective and measurable 
deficit in cognitive functions, but with a preser-
vation of daily activities. The estimates of an-
nual conversion rates to dementia vary across 
studies but may be as high 10-15% [5, 6], MCI 
representing a clinically important stage for 
identifying and treating individuals at risk. In-
deed, the degenerative process in AD brain 
starts 20-30 years before the clinical onset of 
the disease [7, 8]. During this phase, plaques 
and tangles loads increase and at a certain 
threshold the first symptom appears [9, 10].  
 
Several studies show that melatonin levels are 
lower in AD patients compared to age-matched 
control subjects (see for ref. [11]). CSF mela-
tonin levels decrease even in preclinical stages 
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(at Braak stages I-II) when the patients do not 
manifest any cognitive impairment, suggesting 
that the reduction in CSF melatonin may be an 
early trigger and marker for AD [12, 13]. Al-
though it is not known whether the relative me-
latonin deficiency is either a consequence or a 
cause of neurodegeneration, it seems clear that 
the loss in melatonin aggravates the disease 
and that early circadian disruption can be an 
important deficit to be considered.  
 
We previously reported a retrospective analysis 
in which daily 3 - 9 mg of a fast-release mela-
tonin preparation p.o. at bedtime for up to 3 
years significantly improved cognitive and emo-
tional performance and daily sleep/wake cycle 
in 25 MCI patients [14]. We now report data 
from another series of 96 MCI outpatients, 61 
of who had received daily 3 - 24 mg of a fast-
release melatonin preparation p.o. at bedtime 
for 15 to 60 months in comparison to a similar 
group of 35 MCI patients who did not receive it. 
In addition, all patients received the individual 
standard medication considered appropriate by 
the attending psychiatrist. 
 
Subjects and methods 
 
This is a retrospective study of 96 outpatients 
complaining of MCI symptoms examined during 
the period 2007 - 2012 at the facilities of the 
Centro de Neuropsiquiatría y Neurología de la 
Conducta, Hospital de Clinicas “José de San 
Martín”, Facultad de Medicina, Universidad de 

Buenos Aires. The diagnostic criteria used for 
MCI were those of Petersen et al. [15]. They 
included amnesic MCI of a degenerative nature 
(insidious onset and gradual progression), im-
paired memory and a score of 24 to 30 on the 
Mini–Mental State Examination (MMSE). The 
study was approved by the institutional review 
board at the Faculty of Medicine, University of 
Buenos Aires. It was conducted according to the 
Declaration of Helsinki. All participants were 
informed on the confidentiality of data and on 
that by no means they would be personally iden-
tified in case of publication of the study. 
 
Sixty-one patients in the sample selected had 
received daily 3 to 24 mg of a fast-release mela-
tonin preparation (Melatol®, Elisium S.A., Bue-
nos Aires, Argentina) given p. o. at bedtime. The 
patients were indicated to take melatonin 30 
min before the expected time of sleep every 
day. Melatonin was given in addition to the indi-
vidual standard medication prescribed by the 
attending psychiatrist. Specific medication in 
the case of the melatonin group included me-
mantine / donepezil (30 patients), memantine 
(9 patients), memantine / atenolol (4 patients), 
paroxetine (4 patients), memantine / L-
thyroxine (4 patients), memantine / donepezil / 
alprazolam (1 patient), memantine / sertraline / 
lorazepam (1 patient), memantine / L-
thyroxine / atenolol (1 patient), memantine / 
escitalopram / atenolol (1 patient), meman-
tine / clonazepam (1 patient), donepezil / alpra-
zolam / paroxetine (1 patient), L-thyroxine / 

Table 1. Basal characteristics of the sample of MCI patients examined 
Variable Melatonin 

(N= 61) 
Non Melatonin 

(N= 35) 
Age — yr 69.2 ± 9.03 72.0 ± 9.78 
Number of females (%) 48 (78.7) 26 (74.2) 
MMSE score 26.1 ± 1.8 25.8 ± 1.8 
ADAS-Cog score 19.4 ± 7.7 16.4 ± 5.1 
Mattis´ score 130.1 ± 6.6 133.7 ± 6.2 
Digit-symbol 16.3 ± 9.3 19.1 ± 7.7 
Trail A task 120.5 ± 15.6 118.6 ± 15.4 
Trail B task 154.9 ± 28.9 148.2 ± 33.4 
Rey´s verbal test 71.1 ± 17.1 65.4 ± 18.9 
Beck inventory 30.9 ± 9.6 28.7 ± 7.9 
Wakefulness quality 5.3 ± 1.3 5.4 ± 1.7 
Sleep quality 5.4 ± 2.5 5.3 ± 1.2 
Shown are the means ± SD. Normal scores for the several neuropsychological tests employed are described in Methods. For every 
parameter tested the differences between groups were not significant as shown by Mann-Whitney U tests. 
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levopromazine (1 patient), lorazepam (1 pa-
tient), atenolol (1 patient) and escitalopram / 
clonazepam (1 patient).  
 
Specific medication in the case of MCI patients 
not taking melatonin included memantine / 
donepezil / alprazolam (8 patients), meman-
tine / donepezil (6 patients), donepezil / alpra-
zolam (4 patients), donepezil / alprazolam / 
paroxetine (4 patients), memantine / L-
thyroxine (3 patients), memantine / alprazolam 
(2 patients), memantine / sertraline / loraze-
pam (1 patient), lorazepam / clonazepam / ser-
traline (1 patient), fluoxetine / alprazolam / car-
bamazepine (1 patient) and L-thyroxine / 

clonazepam (1 patient).  
 
MCI patients with a minimum of 15 and a maxi-
mum of 60 months of treatment were included. 
Duration of treatment and number of patients in 
the melatonin and non-melatonin groups were 
as followed: 15 – 24 months (34 and 15 pa-
tients, respectively), 25 – 36 months (15 and 
13 patients, respectively), 37 – 48 months (9 
and 6 patients, respectively) and 49 – 60 
months (3 and 1 patients, respectively). Other 
demographic characteristics of the individuals 
studied are summarized in Table 1. All patients 
had undergone clinical examination, routine 
blood tests and neuropsychological evaluation 

Figure 1. Retrospective analysis of 96 outpatients complaining of MCI symptoms, 61 of which received daily 3 to 24 
mg of a fast-release melatonin preparation p.o. at bedtime for 15 to 60 months. Melatonin was given in addition to 
the individual standard medication prescribed by the attending psychiatrist. The other 35 subjects selected received 
the medication prescribed by the attending psychiatrist which did not include melatonin. Initial and final neuropsy-
chological evaluation including the MMSE, ADAS-Cog, Mattis´ test and Digit-symbol task are depicted. See Methods 
for further experimental details. Shown are the means ± SD. P values denote the differences between groups of 
changes in neuropsychological evaluation before and after the follow-up period (Mann-Whitney U test). Z values are 
depicted in Table 2.  
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when first examined and at the end of the pe-
riod considered for the retrospective analysis.  
 
The neuropsychological evaluation included the 
MMSE, the cognitive subscale of the Alz-
heimer’s Disease Assessment Scale (ADAS-Cog) 
and a neuropsychological battery comprising 
the Mattis´ test, the Digit-symbol test, Trail A 
and B tasks and the Rey´s verbal test. A 21-
item Beck Depression Inventory and a global 
assessment of wakefulness and sleep quality 
were also completed for each patient. Scores 
for the MMSE rage from 0 to 30, with higher 
scores indicating better function. Scores for the 
ADAS-Cog range from 0 to 70, with higher 
scores indicating poorer function. Mattis´ 
scores range from 0 to 144 with higher scores 
indicating better function. Digit-symbol, Trail A 
and B tasks should be normally completed in 
less than 10, 120 and 150 seconds, respec-
tively. Normal scores for Rey´s verbal test 
should be > 85 while those for Beck inventory 
should be < 20. Scores for wakefulness and 
sleep quality scales range from 0 to 10, with 
higher scores indicating better function. 
 
Statistical analysis of results was performed by 
non-parametric Mann-Whitney U tests. Differ-
ences between groups were analyzed for basal 
characteristics and for differences of neuropsy-
chological evaluation before and after the follow
-up period. A Χ2 test was used for comparison of 
percent use of benzodiazepines in both groups. 
All tests were made assuming a level of statisti-

cal significance of P < 0.05. 
 
Results 
 
Both groups of MCI patients did not differ sig-
nificantly at admission time in any of the neuro-
psychological parameters tested (Mann-Whitney 
U tests) (Table 1).  
 
Figures 1 to 3 and Table 2 summarize the re-
sults obtained in the MCI patients treated or not 
with melatonin for 15 - 60 months. Patients 
receiving melatonin showed significantly better 
performance in every neuropsychological test 
assessed. As shown in Figure 3, abnormally 
high Beck Depression Inventory scores de-
creased in melatonin-treated patients, concomi-
tantly with an improvement in wakefulness and 
sleep quality. 
 
Table 2 summarizes mean ± SD of differences 
between final and initial neuropsychological 
evaluation and Z values obtained after a non 
parametric Mann-Whitney U test. There were 
significant differences between melatonin and 
non-melatonin groups in every neuropsychologi-
cal parameter tested. 
 
The comparison of the medication profile in 
both groups of MCI patients indicated that 9.8% 
(i.e., 6 out of 61 patients) in the melatonin 
group received benzodiazepines vs. 62.8% (i.e., 
22 out of 35 patients) in the non-melatonin 
group (P < 0.0001, Χ2 test).  

Table 2. Mean values and statistical analysis of the (final – initial) differences in neuropsychological as-
sessment of melatonin-treated (N= 61) and non melatonin MCI patients (N= 35). 
Variable Melatonin Non Melatonin Z (P value) 

MMSE score 2.34 ± 2.09 -0.36 ± 3.01 -4.867 (<0.001) 

ADAS-Cog score -8.96 ± 8.11 0.65 ± 8.84 -5.733 (<0.001) 

Mattis´ score 10.32 ± 11.1 -4.73 ± 12.9 -6.591 (<0.001) 

Digit-symbol -4.52 ± 8.54 -1.51 ± 9.57 -2.318 (<0.02) 

Trail A task -18.68 ± 14.3 0.14 ± 24.7 -3.581 (<0.001) 

Trail B task -19.31 ± 35.1 0.26 ± 30.2 -3.674 (<0.001) 

Rey´s verbal test 15.82 ± 20.4 -0.14 ± 19.8 -4.209 (<0.001) 

Beck inventory -15.46 ± 9.91 -5.00 ± 11.2 -4.519 (<0.001) 

Wakefulness quality 2.84 ± 1.99 0.39 ± 2.45 -4.709 (<0.001) 

Sleep quality 2.88 ± 2.86 0.87 ± 2.66 -3.266 (< 0.01) 

Shown are the means ± SD. Statistical analysis of results was performed by non-parametric Mann-Whitney U tests. 
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Discussion 
 
The foregoing results support the hypothesis 
[14] that melatonin can be a useful add-on drug 
for treatment of MCI in a clinical environment. In 
every neuropsychological task tested, the 61 
MCI patients receiving melatonin in addition to 
their standard medication showed a better per-
formance than their 35 non-melatonin-treated 
counterparts. This coincided with a decrease in 
mood-related symptoms as assessed by the 
Beck inventory and with an improvement in sub-
jective global assessment of the sleep/wake 
cycle. Generally, the findings agree with our pre-
vious observations in a smaller sample of 25 
MCI patients who had received 3 - 9 mg/day of 
a fast-release melatonin preparation p.o. at bed-
time for 9 to 18 months [14], except for that the 
Digit-symbol test remained unchanged in that 
former sample.  

There is published information in the literature 
indicating that melatonin, as a chronobiotic 
agent, is effective in treating irregular sleep-
wake cycles and sundowning symptoms in AD 
patients [16-25]. A review of the published re-
sults concerning melatonin use in AD [26] 
yielded eight reports (5 open-label studies, 2 
case reports) (N = 89 patients) supporting a 
possible efficacy of melatonin: sleep quality 
improved and in patients with AD sundowning 
was reduced and cognitive decay slowed pro-
gression. In six double blind, randomized pla-
cebo-controlled trials, a total number of 210 AD 
patients were examined. Sleep was objectively 
measured by wrist actigraphy (N = 5) and addi-
tionally neuropsychological assessment and 
sleep quality were subjectively evaluated. Sleep 
quality increased and sundowning decreased 
significantly and cognitive performance im-
proved in 4 studies (N = 143) whereas there 

Figure 2. Retrospective analysis of 96 outpatients complaining of MCI symptoms, 61 of which received daily 3 to 24 
mg of a fast-release melatonin preparation p.o. at bedtime for 15 to 60 months. For details see Legend to Figure 1. 
Initial and final neuropsychological evaluation of trail A and trail B tasks, and Rey´s verbal test are depicted. Shown 
are the means ± SD. P values denote the differences between groups of changes in neuropsychological evaluation 
before and after the follow-up period (Mann-Whitney U test). Z values are depicted in Table 2. 
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was absence of effects in 2 studies (N = 67) 
[26].  
 
Another systematic search of studies published 
between 1985 and April 2009 on melatonin 
and sundowning in AD patients was published 
[27]. All papers on melatonin treatment in de-
mentia were retrieved and the effects of melato-
nin on circadian rhythm disturbances were sco-
red by means of scoring sundowning/agitated 
behavior, sleep quality and daytime functioning. 
A total of 9 papers, including 4 randomized con-
trolled trials (n = 243), and 5 case series (n = 
87) were reviewed. Two of the randomized con-
trolled trials found a significant improvement in 
sundowning/agitated behavior. All five case 
series found an improvement. The results on 
sleep quality and daytime functioning were in-
conclusive [27]. 

Therefore, whether melatonin has any value in 
preventing or treating AD remains uncertain. It 
must be noted that one of the problems with AD 
patients with fully developed pathology is the 
heterogeneity of the group examined. Moreover, 
the reduced hippocampal expression of MT2 
melatonin receptors in AD patients [28] and of 
MT1 receptors in the circadian apparatus at 
later stages the disease may explain why mela-
tonin treatment is less effective or erratic at this 
stage [29].  
 
Thus, an early initiation of treatment can be 
decisive for therapeutic success [30]. In a re-
cent publication, published data concerning 
melatonin treatment in MCI were analyzed [31]. 
Five double blind, randomized placebo-
controlled trials and 1 open-label retrospective 
study (N = 651) consistently showed that the 

Figure 3. Retrospective analysis of 96 outpatients complaining of MCI symptoms, 61 of which received daily 3 to 24 
mg of a fast-release melatonin preparation p.o. at bedtime for 15 to 60 months. For details see Legend to Figure 1. 
Initial and final neuropsychological evaluation of Beck Depression Inventory and a global assessment of wakefulness 
and sleep quality are depicted. Shown are the means ± SD. P values denote the differences between groups of 
changes in neuropsychological evaluation before and after the follow-up period (Mann-Whitney U test). Z values are 
depicted in Table 2.  
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administration of daily evening melatonin impro-
ves sleep quality and cognitive performance in 
MCI patients [14, 26, 32-34]. Together with the 
results reported herein, one can conclude that 
melatonin treatment could be effective at early 
stages of the neurodegenerative disease.  
 
There are two reasons why it is convenient the 
use of melatonin in MCI patients. In the course 
of the neurodegenerative process, the age-
related deterioration in circadian organization 
becomes significantly exacerbated [29, 35] and 
is responsible of behavioral problems like sun-
downing [36, 37]. Age-related cognitive decline 
in healthy older adults can be predicted by the 
fragmentation of the circadian rhythm in loco-
motor behavior [38]. Hence, replacement of the 
low melatonin levels occurring in brain [12, 13] 
can be highly convenient in MCI patients. On the 
other hand, the bulk of information on the neu-
roprotective properties of melatonin derived 
from experimental studies (see for ref. [11, 39]) 
turns highly desirable to employ pharmacologi-
cal doses in MCI patients with the aim of arrest-
ing or slowing disease´s progression. 
 
The prevalence of sleep disorder in MCI, subjec-
tively measured, ranged 14 to 59% [40]. Gener-
ally sleep disturbances in MCI are approximately 
double that in controls, and half that in demen-
tia [41]. However, the subjective evaluation of 
sleep is not always in agreement with objective 
evaluation by actigraphy. For example, recent 
studies reported no differences in any sleep 
parameter actigraphically determined in MCI 
and control subjects although reduced ampli-
tude and/or phase delay of 24-h rhythm, inde-
pendently of sleep were found in MCI patients 
[42, 43].  
 
In the present study melatonin treatment was 
effective to improve subjectively evaluated 
sleep/wake cycle. The sleep-promoting activity 
of melatonin in humans has been known for 
years [44, 45] and a number of studies pointed 
to a beneficial effect of melatonin in a wide vari-
ety of sleep disorders (see for ref. [46]). How-
ever, controversy continues to surround claims 
of melatonin’s therapeutic potential. A meta-
analysis on the effects of melatonin in sleep 
disturbances at all age groups (including young 
adults with presumably normal melatonin lev-
els) failed to document significant and clinically 
meaningful effects of exogenous melatonin on 
sleep quality, efficiency and latency [47]. How-

ever another meta-analysis involving 17 con-
trolled studies in old subjects has shown that 
melatonin was effective in increasing sleep effi-
ciency and in reducing sleep onset latency [48]. 
After the approval by the European Medicines 
Agency of a prolonged release form of 2 mg 
melatonin (Circadin®, Neurim, Tel Aviv, Israel) 
for treatment of insomnia in patients ≥ 55 years 
of age, a recent consensus of the British Asso-
ciation for Psychopharmacology on evidence-
based treatment of insomnia, parasomnia and 
circadian rhythm sleep disorders concluded that 
that prolonged release melatonin is the first 
choice treatment when a hypnotic is indicated 
in old patients [49]. 
 
In addition to sleep promotion, melatonin has a 
mild sedating effect. This may be the cause for 
the decrease in Beck´s score seen in the pre-
sent study. Melatonin has a facilitatory effect on 
GABAergic transmission [50] which may be re-
sponsible for the anticonvulsant, anxiolytic, anti-
hyperalgesic and antinociceptive effects of the 
methoxyindole. Recently, agomelatine (Servier, 
Neuilly-sur-Seine, France), the first MT1/MT2 
melatonergic agonist displaying also 5-HT2C se-
rotonergic antagonism, has been introduced in 
the market as a novel antidepressant [46]. 
Agomelatine is effective in several models of 
depression as well as in anxiety. It must be 
noted, however, that both melatonin and ra-
melteon have been shown to display antide-
pressant-like effects even though they are not 
reportedly known to affect serotonergic activity 
significantly [51-53]. 
 
The mechanisms accounting for the therapeutic 
effect of melatonin in MCI patients remain to be 
defined. Melatonin treatment mainly promotes 
slow wave sleep in the elderly [54] and can be 
beneficial in MCI by augmenting the restorative 
phases of sleep, including the augmented se-
cretion of GH and neurotrophins. Melatonin was 
found to protect against the circadian changes 
produced by β-amyloid25-35 microinjection in the 
suprachiasmatic nuclei of golden hamsters 
[55]. The demonstration of the utility of mela-
tonin treatment in correcting the biochemical 
pathology of AD was given by studies in trans-
genic murine models of AD (see for ref. [11, 
39]). As outlined, melatonin acts at different 
levels relevant to the development and manifes-
tation of AD. The antioxidant, mitochondrial and 
antiamyloidogenic effects can be seen as a pos-
sibility of interfering with the onset of the dis-
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ease. Therefore, when melatonin treatment be-
gins can be decisive for final response [30]. 
 
One important aspect to be considered is the 
melatonin dose employed, which may be unne-
cessarily low when one takes into consideration 
the binding affinities, half-life and relative po-
tencies of the different melatonin agonists on 
the market. In addition to being generally more 
potent than the native molecule, melatonin ana-
logs are employed in considerably higher 
amounts [56]. Licensed doses of ramelteon vary 
from 8 to 32 mg/day while agomelatine has 
been licensed for treatment of major depressive 
disorder at doses of 25 – 50 mg/day. In clinical 
studies involving healthy human subjects, tasi-
melteon (Vanda Pharmaceuticals, Washington, 
DC, USA) was administered at doses of 10 to 
100 mg/day [57] while pharmacokinetics, phar-
macodynamics and safety of TIK-301 (Tikvah 
Pharmaceuticals, Atlanta, GA, USA) have been 
examined in a placebo controlled study using 
20 to 100 mg/day [58]. Therefore studies in 
MCI with melatonin doses in the range of 75 – 
100 mg/day are further warranted. 
 
Indeed, melatonin has a high safety profile, it is 
usually remarkably well tolerated and, in some 
studies, it has been administered to patients at 
very large doses. Melatonin (300 mg/day) for up 
to 3 years decreased oxidative stress in patients 
with amyotrophic lateral sclerosis [59]. In chil-
dren with muscular dystrophy, 70 mg/day of 
melatonin reduced cytokines and lipid peroxida-
tion [60]. Doses of 80 mg melatonin hourly for 4 
h were given to healthy men with no undesira-
ble effects other than drowsiness [61]. In healt-
hy women given 300 mg melatonin/day for 4 
months there were no side effects [62]. A recent 
randomized controlled double-blind clinical trial 
on 50 patients referred for liver surgery indica-
ted that a single preoperative enteral dose of 
50 mg/kg melatonin (i.e., an equivalent to 3 g 
for a 60-kg adult) was safe and well tolerated 
[63].  
 
Another outcome of the study is that when me-
latonin is employed much less benzodiazepines 
are needed to treat sleep disturbances in MCI. 
In the present series 6 out of 61 patients 
treated with melatonin received benzodiazepi-
nes vs. 22 out of 35 MCI patients not receiving 
melatonin. Since, as above mentioned, mela-
tonin and benzodiazepines shared some neuro-
chemical (i.e. interaction with GABA-mediated 

mechanisms in brain [50]) and behavioral prop-
erties (e.g., a similar day-dependent anxiolytic 
activity [64]), melatonin therapy was postulated 
to be an effective tool to decrease the dose of 
benzodiazepines needed in patients [16, 65-
67]. A recent retrospective analysis of a German 
prescription database identified 512 patients 
who had initiated treatment with prolonged re-
lease melatonin (2 mg) over a 10-month period 
[68]. From 112 patients in this group who had 
previously used benzodiazepines, 31% discon-
tinued treatment with benzodiazepines 3-
months after beginning prolonged release mela-
tonin treatment. The discontinuation rate was 
higher in patients receiving two or three mela-
tonin prescription [68]. Therefore melatonin can 
help to facilitate benzodiazepine discontinua-
tion in older insomniacs. This is particularly im-
portant since up to 30 to 40 % of seniors use 
sedative hypnotic benzodiazepines and related 
medication showing frequently side effects from 
hypnotics due to both increased nervous system 
sensitivity and decreased serum albumin (that 
binds the drugs) [69, 70]. These are major rea-
sons why the older population responds to 
drugs differently and less predictably than their 
younger counterparts [71, 72]. 
 
It must be noted that a retrospective study like 
that reported herein has several limitations. 
This non-aleatorized, intervention study includes 
external groups as control and thus it is subjec-
ted to a selection bias since groups are not ne-
cessarily homogenous. Although in the present 
report the basal conditions of melatonin and 
non-melatonin groups did not differ significantly 
it is always possible that the degree of initial 
disease did differ between groups. Another pos-
sible bias is observational, because it cannot be 
ruled out that in an open study like this either 
the subjects or the attending personnel could 
influence the final outcome.  
 
In conclusion, the question as to whether mela-
tonin has a therapeutic value in preventing or 
treating MCI, affecting disease initiation or pro-
gression of the neuropathology and the driving 
mechanisms, deserves further analysis in future 
studies. Double-blind multicenter studies are 
urgently needed to further explore and investi-
gate the potential and usefulness of melatonin 
as an antidementia drug at the early stage of 
disease. Its effectiveness in symptomatic treat-
ment of sleep, sundowning or cognitive impair-
ment in a naturalistic environment like that of 
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the present study further underlines the need 
for such decisive studies. 
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