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Objective: Melatonin has been considered to have an essential role in the pathophysiology of Alzheimer’s disease (AD)
for its regulatory function on circadian rhythm and interaction with glutamate for the modulation of learning and
memory. Previous studies revealed that melatonin levels decreased in patients with AD. However, melatonin supplement
didn’t show promising efficacy for AD. This study compared trough melatonin levels among elderly people with different
severities of cognitive deficits.

Methods: We enrolled 270 elder individuals (consisting four groups: healthy elderly, amnestic mild cognitive impairment
[MCI], mild AD, and moderate-severe AD) in the learning cohort. Trough melatonin levels in plasma were measured
using ELISA. Cognitive function was evaluated by Clinical Dementia Rating Scale (CDR) and Mini-Mental State
Examination (MMSE). An independent testing cohort, also consisting of four groups, was enrolled for ascertainment.
Results: In the learning cohort, trough melatonin levels decreased in the MCI group but elevated in the mild and moder-
ate to severe AD groups. Trough melatonin levels were associated with CDR and MMSE in MCI or AD patients
significantly. In the testing cohort, the results were similar to those in the learning cohort.

Conclusion: This study demonstrated that trough melatonin levels in the peripheral blood were decreased in MCI but
increased with the severity of AD. The finding supports the trials indicating that melatonin showed efficacy only in
MCI but not in AD. Whether trough melatonin level has potential to be a treatment response biomarker for AD, espe-
cially its early phase needs further studies.

KEY WORDS: Melatonin; Alzheimer’s disease; Mild cognitive impairment; Cognitive function; Clinical dementia rating
scale; Mini-mental state examination.

even decades before the cognitive and functional decline
in AD patients [1].
Currently, the diagnosis of mild cognitive impairment

INTRODUCTION

Cognitive deterioration is prevalent in the elderly pop-

ulation, particularly in the aging society. Alzheimer’s dis-
ease (AD) is the most common cause of cognitive deterio-
ration in the elderly. Early detection and intervention are
vital for preventing or slowing the development of AD,
because the brain changes in pathology are found years or
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(MCl, a condition with minimal cognitive impairment and
relatively intact daily functioning) [2] or AD is based upon
symptomatology. Feasible laboratory tests for assisting the
diagnosis or predicting treatment response are still lacking,
particularly those from peripheral approach. However,
collecting sample from brain tissue is difficult and rela-
tively more invasive. It has been proposed that gene ex-
pression in the peripheral blood might be a surrogate for
that in the brain when the target gene is expressed simul-
taneously in peripheral and central tissues [3].

Many possible pathophysiological mechanisms have
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been proposed for AD, dysregulation of melatonin is
among them [4]. Melatonin is involved in the synchroni-
zation of the circadian rhythm [5] and has a role as an an-
tioxidant [6]. It has been well-known that glutamate mod-
ulation involves in the melatonin synthesis [7-9]. Glutamate
is the most abundant amino acid neurotransmitter in the
mammalian brain, and its dysfunction contributes to vari-
ous neuropsychiatric disorders. On the other hand, mela-
tonin also has protective effect against glutamate-induced
excitotoxicity which may result in neurodegeneration
[10,11].

Some previous studies suggest that the melatonin level
decreases in AD patients [12-14] or daily rhythm of serum
melatonin disappears in patients with neurodegenerative
type dementias [15]. However, the efficacy of melatonin
to treat patients with AD was not verified in clinical trials.
Interestingly, there is evidence to show therapeutic effect
of melatonin on patients with MCI [16,17]. Moreover, a
large-scale review found no evidence that melatonin or
ramelteon (an antagonist for MT; and MT, receptors)
helped sleep problems in patients with moderate to severe
AD [18]. These evidences suggest that the changes of mel-
atonin might not be the same among different stages of de-
mentia, and the role of melatonin needs to be further in-
vestigated in different stages of AD.

Identifying risky population (e.g., elderly people with
lower melatonin) might be helpful in preventing and treat-
ing AD. The melatonin level peaks between midnight and
early morning [19]. Measuring trough melatonin level in
the morning might be more feasible than peak melatonin
or total melatonin secretion for large-scale screening in
the elderly people. To our knowledge, studies that com-
pare melatonin levels among different stages of AD are
lacking. The aim of this study is to examine the trough
melatonin levels in elderly healthy individuals and pa-
tients with cognitive decline, and investigate the associa-
tion between trough melatonin levels and the severity of
cognitive deficits.

METHODS

Participants

All participants were recruited and evaluated from
Kaohsiung Chang Gung Memorial Hospital, China Medical
University Hospital, and Taipei City Municipal Hospital
in Taiwan. This study was carried out in accordance with

the recommendations of Good Clinical Practice (GCP),
Institutional Review Boards of Kaohsiung Chang Gung
Memorial Hospital, China Medical University Hospital,
and Taipei City Municipal Hospital, Taiwan. The protocol
was approved by the Institutional Review Boards of the
aforementioned hospitals (no. 104-9692B, CMUH103-
REC3-111). All subjects gave written informed consent in
accordance with the Declaration of Helsinki.

All participants were 50—100 years old Han Chinese
who were healthy physically with normal blood routine
and biochemical tests. All participants were evaluated by
research physicians thoroughly. Participants were re-
cruited if they (1) had adequate education for effective
communication and were able to complete the assess-
ments of the study, and (2) agreed to join the study and
provided written informed consent. Exclusion criteria in-
cluded major medical, neurological, or psychiatric con-
ditions other than AD; delirium symptoms; substance
abuse or dependence (including alcohol); Hachinski
Ischemic Score > 4; history of significant cerebrovascular
disease; severe hearing or visual impairment; and being
unable to follow protocol. The healthy volunteers were
free from any psychiatric disorder. Similarly, all healthy
participants had no substance abuse or dependence
(including alcohol) diagnosed by the Diagnostic and
Statistical Manual of Mental Disorders 4th edition.

+ Patients with MCl satisfied criteria for amnestic MCI
[20] of a probably degenerative course defined as
subjective memory complaint and insufficient glob-
al cognitive and functional impairment to meet
National Institute of Neurological and Communicative
Disorders and Stroke and the Alzheimer’s Disease
and Related Disorders Association (NINCDS-ADRDA)
[21] criteria with a Clinical Dementia Rating (CDR)
[22] score of 0.5.

+ Patients with mild AD satisfied NINCDS-ADRDA
criteria for probable AD with a CDR score of 1.

+ Patients with moderate to severe AD satisfied
NINCDS-ADRDA criteria for probable AD with a
CDR score of 2 or greater.

+ Healthy individuals had a CDR score of 0.

All AD patients were enrolled from the outpatient de-
partment at the aforementioned hospitals. All healthy in-
dividuals were enrolled from the communities in south-
ern, central and northern Taiwan.

AD patients with and without anti-dementia drugs were
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both recruited. AD patients without anti-dementia drugs
were free from those medications for three months or
longer. For patients with anti-dementia drugs treatment,
those medications had been maintained for three months
or longer with unchanged dose. Medication history was
determined by reviewing medical records, contacting
other health care providers, and interviewing the partic-
ipants and their family or caregivers. Healthy individuals
were free from anti-dementia drugs.

A learning cohort composed of participants with differ-
ent severities of cognitive deficits was enrolled. In order to
specify the effects of age, sex and education on cognitive
function and to check whether the finding in the learning
cohort can be replicated, we enrolled an independent
testing cohort. In the testing cohort, age, sex and educa-
tional level were matched among all the groups with dif-
ferent cognitive function.

Cognitive Function Assessments

The cognitive function of the participants was eval-
uated by CDR and Mini-Mental State Examination (MMSE)
[23]. MMSE is a common tool for the screening of de-
mentia and the measurement of cognition [23]. Nevertheless,
MMSE is easily influenced by education and age [24], and
has low sensitivity for mild cognitive deficits that limit its
use [25].

In contrast, CDR has good discrimination power for de-
mentia with slight impairment [26]. In addition, CDR has
shown good reliability and validity for the assessment and
staging of dementia with favorable inter-rater reliability
[27]. Thus, the grouping of participants was based upon
CDR and MMSE that represent both the cognitive and
global impairment of the participants. Of note, CDR score
is not influenced by education and age [28].

Laboratory Assessments

Trough melatonin level measurement

The blood specimens were collected during 8 —12 AmM
for measuring the trough melatonin level. We have col-
lected plasma samples from several subjects for measur-
ing melatonin level at different time points to validate the
method. Melatonin protein concentrations were meas-
ured using commercially available enzyme-linked im-
munosorbent assay (ELISA) kits according to the manu-
facture’s recommended protocol (MyBioSource, San

Diego, CA, USA). Briefly, 100 pl plasma samples and the
standard were added to each well of a 96-well plate. The
solutions were incubated for 2 hours at 37°C. The liquid
was then removed. One hundred microliters of Biotin-an-
tibody (1x) was added to each well and incubated for 1
hour at 37°C. Each well was washed with buffer for 3
times. One hundred microliters of HRP-avidin (1x) was
added to each well and incubated for 1 hour at 37°C.
Each well was washed with buffer for 5 times and then in-
cubated with 90 pl substrate solution for 15 —30 minutes
at 37°C with the protection from light. Fifty microliters of
stop solution was added to each well, and mixed thoroughly.
A Benchmark Plus Microplate Reader (Bio-Rad, Hercules,
CA, USA) was used to read the optical density at 450 nm.
The concentrations of melatonin in the samples were de-
termined according to a standard curve.

Statistical Analysis

All participants’ clinical and demographic character-
istics and melatonin levels were shown as number (per-
centage) or mean =+ standard deviation. All percentages
between groups were compared by 3 test, and mean val-
ues between groups were compared by independent
t test or Mann—Whitney U test for two groups, one-way
ANOVA or Kruskal —Wallis test for three or more groups.
Multiple linear regression analysis was used to generate
predictive models for cognitive function. A p value less
than 0.05 was considered significant statistically. All stat-
istical analyses were performed using IBM SPSS Statistics
version 22.0 (IBM Co., Armonk, NY, USA).

RESULTS

A total of 270 subjects were enrolled for the learning
cohort: 73 healthy individuals, 47 amnestic MCl patients,
98 mild AD patients, and 52 moderate to severe AD
patients. There were more males in the controls than the
other three AD groups (p = 0.002). The age distribution
and education were significantly different among the four
groups (p < 0.001). The percentage of patients using an-
ti-dementia agents (including memantine and AChEI)
among the three groups with cognitive deficits reached a
borderline significance (p = 0.058). The demographic
characteristics are shown in Table 1.

We further enrolled an independent age-, sex-, and ed-
ucation-matched cohort (testing cohort) to verify the re-
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Table 1. Demographic characteristics of the learning cohort (n = 270)

Demographic Healthy elderly MCI Mild AD Moderate to severe
characteristics (n=73) (n=47) (n=98) AD (n =52) VIS
Demographics
Sex, female 31 (42.5) 29 (61.7) 66 (67.3) 37(71.2) 0.002°
Age (yr) 66.3 £9.0 66.1 £5.0 752 %71 82.5+7.0 < 0.001°
CDR 0.0+0.0 0.5+0.0 1.0+0.0 24+0.5 < 0.001°
MMSE 283x15 23.1+£3.2 18.6 +4.2 10.5+4.0 < 0.001"
Education (yr) 13.6 +2.3 45%43 3.6x27 3337 < 0.001°
Number of subjects using anti-dementia drugs
Total NA 4(8.5) 25(25.5) 11(21.2) 0.058"*
Donepezil (dose) NA 75+29(n=4) 9.2+1.9(n=18) 93+19((n=7) 0.280%*
Rivastigmine (dose) NA 0 6.8+26(=4) 9.0(n=1) 0.325%*
Galantamine (dose) NA 0 16.0 £ 0.0 (n=3) 16.0 (n=1) 0.472%*
Memantine (dose) NA 0 0 20.0+0.0(n=2) 0.060™*
Melatonin level (pg/ml) 92.9 £53.6 55.3£49.7 71.5+£49.9 115.7 £ 60.1 < 0.001°
Melatonin level (pg/ml) in subjects NA 57.5+78.5 74.5+52.2 112.0+61.0 0.138"*
using anti-dementia drugs
Melatonin level (pg/ml) in subjects 92.9 +53.6 55.1 £47.6 70.5 +49.5 116.7 + 60.6 < 0.001"

without anti-dementia drugs

Values are presented as number (%) or mean + standard deviation.
AD, Alzheimer’s disease; MCl, mild cognitive impairment; CDR, Clinical Dementia Rating; MMSE, Mini Mental Status Examination; NA, not

associated.
“Chi-square test; "Kruskal —Wallis test; *Comparison among MCI, mild AD and moderate to severe AD groups.

Table 2. Demographic characteristics of the testing cohort (age-, sex- and education-matched) (n = 136)

Demographic Healthy elderly MCI Mild AD Moderate to severe
characteristics (n =35) (n=34) (n =36) AD (n =31) p value
Demographics
Sex, female 18 (51.4) 18 (52.9) 19 (51.8) 16 (51.6) 0.999°
Age (yr) 70.0 £ 10.1 70.5+£9.2 70.3+9.8 71.5+8.7 0.935°
CDR 0.0£0.0 0.5+0.0 1.0+0.0 25+05 < 0.001"
MMSE 27.8+1.6 23.6 £3.1 18.1+£5.0 10.6 £5.4 < 0.001"
Education (yr) 8.2x44 9.5+£4.2 9.1+£4.8 8.5x54 0.142°
Number of subjects using anti-dementia drugs
Total NA 5(14.7) 18 (50.0) 5(16.1) 0.001%*
Donepezil (dose) NA 6.3+25(n=4) 89+22(n=9) 10.0+0.0(n=2) 0.086"*
Rivastigmine (dose) NA 9.0(n=1) 75+26((n=3) 6.7+2.1(n=3) 0.519"*
Galantamine (dose) NA 0 14.7 £33 (n=06) 0 0.003"*
Memantine (dose) NA 0 0 0 NA
Melatonin level (pg/ml) 929 +51.5 42.7 +38.2 64.5 +51.6 127.8 +48.7 < 0.001"
Melatonin level (pg/ml) in subjects NA 13.8x11.6 47.0 £44.5 120.9 £42.2 0.001"*
using anti-dementia drugs
Melatonin level (pg/ml) in subjects 92.9 £51.5 47.7 £39.1 82.1 £53.3 129.2 £ 50.5 < 0.001"

without anti-dementia drugs

Values are presented as number (%) or mean =+ standard deviation.

AD, Alzheimer’s disease; MCI, mild cognitive impairment; CDR, Clinical Dementia Rating; MMSE, Mini Mental Status Examination NA, not
associated.

“Chi-square test; "Kruskal —Wallis test; ANOVA test; *Comparison among MCI, mild AD and moderate to severe AD groups.

sults in the learning cohort. In the testing cohort, there was age of anti-dementia drugs use in the three groups with
no significant difference among the four groups in age, cognitive deficits (p = 0.001). The demographic charac-
sex, and education (p = 0.935, 0.999, 0.639, respec- teristics of the testing cohort are shown in Table 2.

tively). There was a significant difference in the percent-



Melatonin Decreases in MCI 139

Trough Melatonin Levels were Lowest in Patients
with Mild Cognitive Impairment

The trough melatonin levels in the healthy controls,
amnestic MCI, mild AD, and moderate to severe AD were
92.9 + 53.6 pg/ml, 55.3 + 49.7 pg/ml, 71.5 + 49.9 pg/ml
and 115.7 £ 60.1 pg/m, respectively (p < 0.001) (Table 1
and Fig. 1A). The melatonin levels in amnestic MCl or AD
patients (79.3 = 57.2) were lower than those in healthy
controls (p = 0.078). Post-hoc analysis using Bonferroni
method revealed that the melatonin level in amnestic MCl
patients was lower than healthy controls and moderate to
severe AD patients (p < 0.001, p < 0.001, respectively).
The melatonin level in mild AD patients was lower than
moderate to severe AD patients (p < 0.001). The melato-
nin levels between MCI patients and mild AD patients
were not significantly different (p = 0.516). The melatonin
levels between controls and moderate to severe AD pa-
tients were not significantly different either (p=10.111). A
borderline significance was found in melatonin level be-
tween healthy controls and patients with mild AD (p =
0.056). The melatonin levels in patients with or without
anti-dementia drugs were not significantly different (Table 1).

For the testing cohort, the trough melatonin levels in the
healthy individuals, amnestic MCI, mild AD and moder-
ate to severe AD were 92.9 = 51.5 pg/ml, 42.7 + 38.2
pg/ml, 64.5 £ 51.6 pg/ml and 127.8 + 48.7 pg/ml, re-
spectively (p < 0.001) (Table 2 and Fig. 1B). The melato-
nin levels in amnestic MCI or AD patients (76.6 + 58.2)
were lower than those in healthy controls (p = 0.144). In

A Learning cohort
250 1 p=0.111
: p<0.001* '
I 1
200 p <0.001*
p =0.056 1
T>) I 1
A< nNN1* !
) i p < 0.001
- 150 p=0516
'S
o
% 100 -
>
50
0 T T T 1
Control MCI MildAD  Moderate to
Groups severe AD

Fig. 1. (A) Learning cohort. (B) Testing cohort.
MCI, mild cognitive impairment; AD, Alzheimer’s disease.
*p < 0.05.

post-hoc analysis using Bonferroni method, the melato-
nin level in controls was higher than amnestic MCl pa-
tients and lower than moderate to severe AD patients (p <
0.001, p = 0.022, respectively). The melatonin level in
amnestic MCI patients was lower than healthy controls
and moderate to severe AD patients (p < 0.001, p <
0.001, respectively). The melatonin level in mild AD was
lower than moderate to severe AD patients (p < 0.001).
The melatonin levels were not significantly different be-
tween mild AD patients and healthy controls, and be-
tween amnestic MCl and mild AD (p=0.082, p = 0.355,
respectively). The melatonin levels in mild AD patients re-
ceiving anti-dementia drugs were significantly lower than
those not receiving anti-dementia drugs (p = 0.039). The
melatonin levels in amnestic MCl and moderate to severe
AD patients receiving anti-dementia drugs were not sig-
nificantly different from those without anti-dementia
drugs (p=0.066, p = 0.734, respectively) (Table 2).

We further checked the association between melatonin
levels and age in each group of subjects. There were no
significant association between melatonin levels and age
in healthy individuals, amnestic MCI, mild AD and mod-
erate to severe AD groups (p = 0.606, 0.701, 0.308,
0.414, respectively). We also checked the association be-
tween melatonin levels and anti-dementia drugs use.
There was no significant association between melatonin
levels and anti-dementia drugs use in all subjects (p =
0.077).

B Testing cohort
250 - . p = 0.022* .
p <0.001*
I 1
200 A p <0.001*
p =0.082 [ —
] " p<0.001* '
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Groups severe AD



140 C.H.Lin, etal.

Table 3. Multiple linear regression analyses of independent factors
associated with cognitive function in all participants (learning cohort
and testing cohort) (stepwise)

Variable B (SE) t p value
CDR score
Age (yr) 0.026 (0.004)  6.174 < 0.001
Sex 0.087 (0.080) 1.082 0.280
Education (yr) —0.042(0.008) —5.171 < 0.001
Anti-dementia drug use 0.354 (0.103)  3.445 0.001
Melatonin level (pg/ml) 0.004 (0.001)  5.683 < 0.001
Adjusted R square = 0.281
MMSE score
Age (yr) —0.162(0.036) —4.470 < 0.001
Sex —0.754 (0.661) —1.141 0.255
Education (yr) 0.503 (0.066) 7.579 < 0.001
Anti-dementia drug use ~ —2.896 (0.850) —3.408 0.001
Melatonin level (pg/ml) ~ —0.030 (0.006) —5.388 < 0.001

Adjusted R square = 0.299

The regression model was adjusted with age, sex, and education. The
variables were melatonin level and anti-dementia drug use.

CDR, Clinical Dementia Rating; MMSE, Mini Mental Status Exami-
nation.

Factors Associated with CDR and MMSE Score

We applied multiple linear regression analyses for test-
ing the variables that might be related to CDR and MMSE
score. The multiple regression models were adjusted with
sex, age and educational level. In the overall (learning
plus testing) cohort, CDR score was associated with age,
education, anti-dementia drug use and melatonin level
significantly (adjusted R square = 0.281). Similarly, MMSE
score was also associated with age, education, anti-de-
mentia drug use and melatonin level significantly (adjusted
R square = 0.299) (Table 3). In the learning cohort, CDR
was associated with age, education, and melatonin level
significantly (adjusted R square = 0.500). MMSE was also
significantly associated with age, education, and melato-
nin level (adjusted R square = 0.525) (Supplementary
Table 1; available online). In the testing cohort, CDR was
associated with anti-dementia drug use and melatonin
level significantly (adjusted R square = 0.150). MMSE was
significantly associated with education, anti-dementia
drug use and melatonin level (adjusted R square = 0.130)
(Supplementary Table 2; available online).

DISCUSSION

This study reports that peripheral trough melatonin levels
of amnestic MCl patients are lower than those observed in

elderly controls and AD patients, and that trough melato-
nin levels are associated with the severity of cognitive
impairment. In general, melatonin production declines
with age in adults [29]. Although previous studies showed
that melatonin levels were lower in patients with AD than
controls and suggested that melatonin deficiency may
contribute to the acceleration of aging [30], melatonin
levels were not examined in different stages of AD. This
study demonstrated that trough melatonin levels were
lower in amnestic MCl and increased with the severity of
cognitive deficits in patients with AD.

The beneficial effect of melatonin treatment for AD re-
mains controversial. Srinivasan et al. [31] suggested that
melatonin replacement has therapeutic potential for AD,
particularly at the early phases of the disease and in those
with intact melatonin receptors. Wu and Swaab [32] also
found that the dysfunction of the pineal melatonin syn-
thesis is responsible for melatonin changes during the ear-
ly AD stage. Our findings support previous reports that
suggest melatonin therapy is beneficial for individuals
with MCI but not AD [16-18]. This study indicates that pa-
tients with amnestic MCl, especially, those who have low-
er melatonin levels, might be the targeted population for
melatonin supplement therapy.

There is a diurnal variation of the melatonin level, with
the peak at night and trough during daytime due to the
suppression by light [33,34]. A faster decline of the mela-
tonin level from the nocturnal peak was found in the eld-
erly people compared to young adults [35]. A recent sys-
tematic review suggested that total melatonin production
in 24 hours does not change in healthy aging, but the
maximal nocturnal peak of melatonin level might decline
with aging [36]. In this study, the trough melatonin levels
were measured instead of nocturnal peak melatonin. The
blood sampling time in this study was during 8 =12 Am
when the melatonin level was considered to be the
trough, making the mean melatonin level in the four
groups comparable and representative. We believe that
trough melatonin levels measurement in the morning is
more feasible for the elderly people and has more poten-
tial to be developed as large-scale screening tool. The ref-
erence range of melatonin level in peripheral blood has
been reported to be 3.83—80.4 pg/ml at 8:00 AM [37]. In
our study, the melatonin level of healthy elderly seemed
to be a little bit higher than previous reports. A large-scale
study found that the melatonin signaling pathway may be



Melatonin Decreases in MCl 141

different with global variation in sunshine duration [38].
Day light exposure is positively associated with urinary
6-sulfatoxymelatonin excretion in the elderly [39]. Whether
the abundant sunshine in Taiwan contributes to the higher
melatonin level in this study needs further investigation.

Participants in this study were aged between 50 and
100 years old and most women were postmenopause.
Most of the participants were free from medications that
can modulate the melatonin secretion including agomela-
tine [40] and ramelteon [41] by a thorough history taking
through reviewing medical records, contacting other
health care providers, and interviewing the participants
and their family or caregivers. However, the possibility of
psychotropic drugs use as well as unusual light exposure
that might alter the melatonin level or sleep pattern can-
not be completely excluded.

Whether melatonin interacts with anti-dementia drugs
remains unclear. An in vitro study found synergistic neu-
roprotective effects of combined galantamine (an ace-
tylcholinesterase inhibitor) and melatonin against oxida-
tive stress in neuroblastoma cells [42]. An animal study
found that melatonin supplementation increased choline
acetyltransferase activity in the frontal cortex and hippo-
campus in a transgenic mouse model of AD [43]. A num-
ber of melatonin and anti-dementia drugs hybrids have
been synthesized and tested for their effects on neuro-
degenerative diseases [44]. In the learning cohort of this
study, the melatonin levels in AD patients receiving an-
ti-dementia drugs were close to patients not receiving an-
ti-dementia drugs, although there seemed to be a trend in
the testing cohort that patients using anti-dementia drugs
had lower melatonin level than those without anti-de-
mentia drugs. There was no significant association be-
tween melatonin levels and anti-dementia drugs use in all
subjects in our study (p=0.077); however, whether mela-
tonin level is altered by anti-dementia drugs use in AD pa-
tients needs further evaluation in future clinical studies.

The higher melatonin level in patients with moder-
ate-severe AD in this study deserves further investigation.
Zhou et al. [12] has shown that melatonin levels in
post-mortem cerebrospinal fluid (CSF) constantly de-
creases from MCI to severe AD. To the best of our knowl-
edge, there is no published study that compares melato-
nin levels in peripheral blood in different stages of AD.
The inconsistent finding between CSF and peripheral
blood needs further clarification in future studies.

Increased oxidative stress might play a role underlying
processes of aging or neurodegenerative diseases. In an
animal study, antioxidant enzymes such as NAD(P)H:qui-
none oxidoreductase 1, superoxide dismutase 1 and Sirtuin
1 were found increased in some brain regions in 3xTg-AD
mice that expressed behavioral and psychological symp-
toms in dementia (BPSD)-like symptoms [45]. One of the
functions of melatonin is to act as an antioxidant [6,46]. It
might be likely that melatonin excretion increases in later
phase of AD as a compensatory response for the defense
of oxidative stress. This preliminary speculation deserves
further studies. Moreover, sleeping patterns are some-
times backwards in moderate-severe AD patients. That
might be one of the reasons why trough melatonin levels
are rather elevated in the moderate-severe AD group.
This study is limited in several aspects. Firstly, findings
from this cross-sectional study cannot be extrapolated to
longitudinal follow-up study. Secondly, although an ear-
lier study found that melatonin levels in cerebrospinal flu-
id samples were similar to or lower than those in plasma
by using chromatographic run by high-performance liquid
chromatography (HPLC) [47], the peripheral blood-CNS
relationship of melatonin still requires investigation in AD
patients. In the meanwhile, using ELISA instead of HPLC
for the measurement of melatonin level may be another
limitation for this study. Thirdly, as aforementioned, the
blood samplings were not at the same time for all partic-
ipants, although we had restricted the blood sampling
time to be within 8 —12 AM. Determining the timing of the
blood collection for melatonin measurement relative to
each individual’s sleep-wake and light exposure-estimated
trough via a sleep diary or actigraphy for the two weeks
preceding the melatonin assessment would be of great
help in future study. Fourthly, findings from Han Chinese
require replication by other groups in various racial
populations. Fifthly, depression scores need to be as-
sessed in future study because depression in elderly peo-
ple is a risk factor for the conversion of AD. Sixthly, the
cognitive measurement in this study only included the to-
tal score of CDR and MMSE. More complete cognitive
measurements should be included in future studies.
Lastly, despite a thorough physical and mental work-up to
exclude patients with comorbid mental or organic dis-
orders, it was not possible to exclude with certainty other
neurodegenerative diseases (e.g., Huntington’s disease
and Parkinson’s disease) that may alter melatonin levels
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[48-51].

In summary, trough melatonin levels in the peripheral
blood decrease in MCl patients, but increase with the se-
verity of cognitive deficits in patients with AD. It is too ear-
ly to regard melatonin as a biomarker for cognitive aging.
However, trough melatonin level has potential to be a bi-
omarker for high risk population for developing AD [52].
Moreover, baseline melatonin level might be able to serve
as a treatment response biomarker for melatonin therapy
[53]. Combine multiple potential biomarkers for the assis-
tance of diagnosis of AD is favorable because neuro-
degenerative diseases are substantially multifactorial. For
instance, melatonin level combined with other potential
assessments, e.g., D-amino acid oxidase [54] and B-amy-
loid [32] levels, may be a possible approach. In the future,
the alteration of melatonin level in the progression from
the early phase of AD to its later phase requires further in-
vestigation in prospective longitudinal larger scale studies
in patients with different stages of cognitive decline. More
importantly, whether melatonin, that has high-safety pro-
files, can be developed as a treatment for AD, especially
in its early phase, needs to be testified in larger-scale
randomized controlled trials [46].
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