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ABSTRACT
Introduction  Melatonin has multiple proposed therapeutic 
benefits including antioxidant properties, synchronisation 
of the circadian system and lowering of blood pressure. 
In this protocol, we outline a randomised controlled trial 
to assess the feasibility, acceptability and tolerability of 
higher dose (25 mg) melatonin to target brain oxidative 
stress and sleep disturbance in older adults with mild 
cognitive impairment (MCI).
Methods and analysis  The study design is a randomised 
double-blind, placebo-controlled, parallel group trial. Forty 
individuals with MCI will be recruited from the Healthy 
Brain Ageing Clinic, University of Sydney and from the 
community, and randomised to receive either 25 mg oral 
melatonin or placebo nightly for 12 weeks. The primary 
outcomes are feasibility of recruitment, acceptability 
of intervention and adherence to trial medication at 12 
weeks. Secondary outcomes will include the effect of 
melatonin on brain oxidative stress as measured by 
magnetic resonance spectroscopy, blood pressure, blood 
biomarkers, mood, cognition and sleep. Outcomes will be 
collected at 6 and 12 weeks. The results of this feasibility 
trial will inform a future conclusive randomised controlled 
trial to specifically test the efficacy of melatonin on 
modifiable risk factors of dementia, as well as cognition 
and brain function. This will be the first trial to investigate 
the effect of melatonin in the population with MCI in this 
way, with the future aim of using this approach to reduce 
progression to dementia.
Ethics and dissemination  This protocol has been 
approved by the Sydney Local Health District Ethics 
Committee (X18-0077). This randomised controlled 
trial will be conducted in compliance with the protocol 
published in the registry, the International Conference 
for Harmonisation on Good Clinical Practice and all other 
applicable regulatory requirements. The findings of the 
trial will be disseminated via conferences, publications 
and media, as applicable. Participants will be informed of 
results of the study at the conclusion of the trial. Eligible 
authors will include investigators who are involved in 

the conception and design of the study, the conduct of 
the trial, the analysis of the results, and reporting and 
presentation of study findings.
Trial registration number  Australian and New Zealand 
Clinical Trials Registry (ANZCTRN 12619000876190).
Protocol version  V.8 15 October 2020.

BACKGROUND
Neurodegenerative dementias represent a 
significant socioeconomic burden, currently 
affecting 46.8 million people worldwide, with 
numbers expected to double every 20 years.1 
Due to this rising incidence and the current 
lack of a cure, there has been increased focus 
on developing novel, preventative measures 
to slow cognitive decline in those who are 
at risk of developing dementia. It is believed 
that the neurobiological changes associated 
with the most common form of dementia, 
Alzheimer’s disease (AD), commence 20–30 
years prior to clinical diagnosis,2 suggesting 

Strengths and limitations of this study

►► This is the first study to investigate the effect of mel-
atonin on brain oxidative stress in a population with 
mild cognitive impairment.

►► The study uses a higher dose of 25 mg, which al-
lows the role of melatonin as an antioxidant to be 
explored.

►► The study examines many pathways to dementia, 
rather than a single outcome.

►► This study is a pilot study and will not have the pow-
er to give definitive efficacy information.

►► This study is not investigating the effects of mela-
tonin withdrawal, which could be affected if mela-
tonin were incorporated into treatment.
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there is a long prodromal phase. Therefore, preventative 
approaches targeting multiple modifiable risk factors for 
cognitive decline, early in the disease course, will likely 
have the best chance at modifying the clinical trajectory 
of AD.

Mild cognitive impairment (MCI) is defined as cogni-
tive decline greater than the average for an individual’s 
age and education level, without significantly affecting 
daily activities.3 As MCI is considered a prodromal phase 
for dementia, those with MCI can be considered a key 
population group to target with prevention strategies, to 
decelerate the rate of cognitive decline, and potentially 
prevent or delay dementia onset. This subgroup has a 
high rate of conversion to dementia, with an estimate 
of 53.7% developing AD and 15.7% developing other 
forms of dementia within 5 years.4 Recent studies have 
estimated that approximately 35% of dementia risk is 
attributable to modifiable health and lifestyle factors such 
as midlife obesity, low educational attainment, diabetes, 
midlife hypertension, hearing loss, later life depression, 
physical inactivity, smoking and social isolation.5 Sleep 
and circadian disturbances are also common in the popu-
lation with MCI, and are also increasingly recognised as 
potential risk factors for dementia6; thus, they may also be 
viable secondary prevention targets.7

Oxidative stress levels, characterised as the imbalance 
between the oxidant/antioxidant state of brain cells, 
have been shown to be involved in the progression of 
many neurodegenerative diseases including dementia.8 
Individuals with MCI have increased brain oxidative 
stress compared with those who are cognitively normal.9 
Furthermore, antioxidant treatment in animal models 
has demonstrated significant improvements in AD-like 
disease processes.10 Importantly, dietary supplementa-
tion has been shown to modify brain oxidative stress 
levels in older adults,11 which signifies that this pathway 
can be exogenously modified and targeted for dementia 
interventions.

Melatonin is an endogenous hormone secreted from 
the pineal gland that has a major role in the synchroni-
sation of the body’s circadian rhythm. This also strongly 
influences sleep–wake cycles, with melatonin secre-
tion initiating a cascade of physiological events that 
cause increases in sleep propensity.12 It has been shown 
to have many properties including antioxidant, anti-
inflammatory, antihypertensive, anxiolytic and antiapop-
totic effects.13–15 These properties have all been suggested 
as possible mechanisms by which to slow neurodegenera-
tion, cognitive decline and dementia.16 17 Melatonin also 
affects mood, behaviour, sleep efficiency and total sleep 
time, which are independently associated with dementia 
risk.18–20 Additionally, animal studies have demonstrated 
that the administration of melatonin may interrupt the 
production and accretion of both neurofibrillary plaques 
and tangles, and has prevented the death of cells exposed 
to toxic levels of amyloid‐beta, which are pathological 
signs of AD.21 It is timely therefore to propose a study to 
investigate the use of melatonin as a possible preventative 

treatment, given that it may potentially curtail neurode-
generative pathways.

The varying effects of exogenous melatonin have been 
previously examined in different populations. To date, 
evidence for the effectiveness of melatonin in dementia 
has been limited to improvements in sleep efficiency and 
total sleep time, with any cognitive benefits being attrib-
utable to improved sleep rather than a direct effect of 
melatonin.22 This lack of a direct effect may be due to the 
late stage of disease studied, where neurodegeneration 
was potentially too advanced and therefore irreversible. 
Consequently, intervention in the earlier stages of disease 
prior to extensive cognitive decline, for example, in those 
with MCI, may be more impactful. The current evidence 
for an antineurodegenerative effect of melatonin in the 
prodromal phase of dementia including in MCI is very 
limited and may be dose dependent. Currently, the 
dosage in humans that would be required to target brain 
oxidative stress has not yet been established. Previous 
retrospective studies in MCI have included varying doses 
of melatonin (3–24 mg) and have shown improvements 
in22 23 24 cognition, mood and sleep. The only randomised 
controlled trial (RCT) investigating melatonin’s effect at 
a 6 mg dose in patients with MCI was only for a 10-day 
duration and included just 10 participants with both MCI 
and AD, which showed a decrease in depressive symp-
toms, enhanced sleep–activity rhythms, improved sleep 
quality and ability to remember previously remembered 
items.18 The results of this trial demonstrated improved 
rest–activity rhythm and enhanced sleep quality but other 
sleep quality indices, such as total sleep time and wake 
within sleep were not different between melatonin and 
placebo arms. However, this small, preliminary study also 
showed an improvement in memory and mood with mela-
tonin compared with placebo.

Based on these preliminary data, we outline a proposal 
to determine the feasibility of a 12-week randomised, 
parallel group, double-blind, placebo-controlled clin-
ical trial of 25 mg melatonin in MCI. This dose selection 
has been made after triangulating evidence related to 
melatonin efficacy, pharmacology and toxicology. We 
believe this should provide sufficient antioxidant effect 
while minimising adverse events (AEs). The duration of 
the study has been chosen to examine the longer term 
effects of melatonin, while providing preliminary data for 
a longer study in the future. The study specifically aims 
to provide viability, feasibility and safety data, as well as 
preliminary efficacy data in order to power a larger defin-
itive trial. The current study is the first to investigate 
melatonin as a possible preventative treatment due to its 
potential to target pathophysiological pathways involved 
in neurodegeneration.

METHODS
Study design
The study will use a parallel group, individually 
randomised, double-blind design with one intervention 
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and one control arm, using a 1:1 allocation ratio. Data 
collection time points will be baseline, 6 weeks and 12 
weeks, with 12 weeks as the main time point of interest. 
Participants will be recruited from the Healthy Brain 
Ageing (HBA) Clinic, University of Sydney and from 
the community. After screening for eligibility, providing 
informed consent and undergoing baseline procedures, 
participants will be randomised to either the melatonin 
or placebo group. Excluded participants and reasons for 
exclusion will be recorded. Assessments will include MRI 
and magnetic resonance spectroscopy (MRS); question-
naires relating to mood, sleep and chronotype; blood 
collection; 24-hour central aortic pressure; pulse wave 
velocity and analysis; and cognitive tests. Actigraphy data 
will also be collected for 7–14 days prior to the baseline 
visit. Participants will complete these measurements 
again at the 12-week follow-up, with the questionnaires 
also administered at the 6-week follow-up. The current 
protocol has been prepared in accordance with Standard 
Protocol Items: Recommendations for Interventional 
Trials statement25 (online supplemental file 1) and the 
WHO Trial Registration Data Set (online supplemental 
file 2).

Participants and setting
Participants with MCI will be recruited from the specialist 
HBA Clinic at the Brain and Mind Centre, University of 
Sydney, Sydney, Australia. Advertisements may also be 
displayed in health magazines, websites or newspapers 
that are targeted towards older adults. Larger general 
practices and community centres in the general area will 
also be advised of the trial and will be requested to adver-
tise the trial for potential participants. Online recruitment 
platforms and social media advertising will also be used, 
including the StepUp for Dementia Research recruitment 
tool. This is an online self-registration service that enables 
volunteers with memory problems or dementia, carers of 
those with memory problems or dementia, and healthy 
volunteers to register their interest in taking part in 
research. The purpose of StepUp for Dementia Research 
is to allow such volunteers to be identified by researchers 
as potentially eligible for their studies. Researchers can 
then contact volunteers, in line with the volunteers’ 
preferred method of contact, to discuss potential recruit-
ment into a study.

Recruitment, eligibility and consent
Research staff will contact interested and provisionally 
eligible participants to explain details of the study, that 
is, objectives, benefits, risks and requirements. They 
will then obtain verbal consent to telephone screen the 
participant. The telephone screen will consist of the 
MoCA-Blind,26 Memory and Ageing Telephone Screen 
(MATS),27 the Wechsler Adult Intelligence Test-III Digit 
Span subtest,28 the Oral Trail Making Test Part A and 
Part B29 and the Delis Kaplan Executive Function System 
Letter Fluency.30 Participants will also be asked if they 
meet the inclusion or exclusion criteria, including their 

medications. Lastly, participants will be asked about the 
extent of their cognitive impairment and their func-
tional autonomy. Following this step, the participant will 
receive a detailed information statement to read prior 
to their medical screening, which will be conducted via 
telehealth. They will also be encouraged to discuss the 
study with their family and general practitioner prior 
to agreeing to participate and to call or email the study 
team if they have any questions or concerns about the 
study prior to medical screen. During the medical screen, 
participants, and if applicable their carers, will be given 
ample time to discuss the study with the study team prior 
to electronically signing the consent form via the online 
data capture system, REDCap. The medical screening 
will be conducted by a medical officer who will record 
the participant’s medications and medical history. The 
medical officer will decide if the participant is fit to partic-
ipate in the trial, or if they need to be referred on for 
further examination.

Eligible participants are those: (1) aged between 60 
and 80 years old; (2) diagnosed with MCI as defined 
by a cut-off score of ≤33 on the MATS27 and/or perfor-
mance 1.5 SDs below age-matched peers on: Wechsler 
Adult Intelligence Test-III Digit Span subtest, Oral Trail 
Making Test Part A and Part B, or Delis Kaplan Executive 
Function System Letter Fluency; (3) stability of at least 
4 weeks on permitted medications (ie, any medication not 
listed in the exclusion criteria below) and (4) fluent in 
English. The cut-off score for the MATS was selected in 
accordance with Rabin et al27 for the best specificity and 
selectivity of MCI. The other cognitive tests will allow for 
the assessment of non-memory domains. These tests are 
validated and easily administrated via telehealth and can 
detect non-amnestic MCI using the widely used defini-
tion of 1.5 SDs below the mean normative value for their 
age and education.31 The MATS also includes questions 
about subjective cognitive complaints, which will be used 
to assess any lack of functional autonomy, as required by 
MCI criteria of Petersen et al.31 All de-identified scores 
on screening, accompanied by any answers suggesting 
a lack of functional autonomy, will be forwarded on to 
a clinical neuropsychologist who will inform the study 
investigator if someone requires further testing for a 
dementia diagnosis for possible exclusion from the 
study. The clinical neuropsychologist will also examine 
the participant at baseline. Participants will be excluded 
if they (1) have suspected dementia with a score of <18 
on the MoCA-blind; (2) have a history of cerebrovascular 
events (eg, stroke, transient ischaemic attack) associated 
with persisting cognitive changes; (3) are a shift-worker 
or have engaged in transmeridian travel within 14 days 
of assessment; (4) have any neurological disorders (eg, 
Parkinson’s disease, epilepsy, multiple sclerosis); (5) 
have had a head trauma with associated loss of conscious-
ness >30 mins; (6) have a current psychiatric disorder 
including: bipolar disorder (I and II) and schizophrenia; 
(7) are currently regularly taking benzodiazepines, 
sedatives, antipsychotics or hypnotics; (8) have current 
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substance abuse or dependence (alcohol and/or other 
illicit substances); (9) have any significant systemic illness 
or medical condition that may hinder compliance with 
the protocol; (10) have a contraindication to MRI scan-
ning such as pacing devices, coronary or peripheral artery 
stents, cochlear implants or renal insufficiency; (11) are 
experiencing a current major depressive episode (not 
excluded if receiving treatment using antidepressants for 
maintenance of depression or subthreshold depression 
unless a medication listed in 7 and 12); (12) are currently 
taking monoamine oxidase inhibitors or melatonergics. 
Participants will be asked not to take excluded medica-
tions for the duration of the trial, and will not undergo 
study assessments within 2 weeks of travel across more 
than two times zones.

Randomisation and blinding
Randomisation will occur after completion of base-
line assessment and will be on a 1:1 basis to either the 
melatonin intervention group or to the placebo group. 
A randomisation sequence has been computer gener-
ated by an unblinded investigator (NSM) who will not 
otherwise be involved in the trial and will not have any 
contact with participants. The sequence will be stored in 
a password-protected online secure system, only acces-
sible by the unblinded investigator. A unique participant 
randomisation number will be assigned sequentially, 
in ascending order and will comprise a 2-digit number 
prefixed by ‘R’ (eg, R01, R02 and so on). Once a rando-
misation number has been allocated to a participant, it 
may not be reused. The unblinded investigator will give 
the randomisation list to the study pharmacist who will 
hold the list for the duration of the trial. To ensure the 
participant’s anonymity, documents will use the partici-
pant’s unique participant screening and randomisation 
numbers. Participants will be informed of their allocated 
treatment only after study completion and the dissemina-
tion of study results.

To maintain allocation concealment, once a partici-
pant has been randomised, the study coordinator will 
send the study prescription to the study pharmacist who 
will prepare the appropriate treatment (active drug or 
placebo) according to the randomisation outcome and 
will arrange a courier to deliver to the participant. The 
only people to be unblinded are the pharmacist and the 
unblinded investigator, both of whom will not have any 
direct contact with participants. Treatments will look 
identical to the participant, and in the case of a serious 
AE (SAE) where codes need to be broken, the dispensing 
pharmacist or unblinded investigator will be contacted, 
and drug allocation will be unblinded for that partici-
pant only. The dispensing pharmacist will then be able 
to inform study staff whether the participant was on the 
active treatment or placebo at the time.

Investigational product
Participants will be randomly allocated to receive nightly 
25 mg melatonin or matching placebo capsules for the 

entire 3-month study period. Participants will be provided 
instructions on how to store the melatonin and to take 
it before habitual bedtime. All investigational products 
will be provided by a compounding pharmacy that will 
prepare the melatonin and matching placebo, ensuring 
that the capsules are identical in size, shape, taste and 
colour. Participants will be instructed to take one capsule 
30–60 min before bed. At baseline and 6-week visits, the 
study medical officer will provide a prescription for the 
blinded study drug to the compounding pharmacy/phar-
macist who will prepare the investigational product. The 
study pharmacist will record all treatments supplied on 
the medication-dispensing forms along with the original 
script.

Primary outcomes
There are three equal primary outcomes: (1) to assess the 
feasibility of recruitment by determining the percentage 
(and associated CIs) of people who meet inclusion and 
exclusion criteria and could potentially join the study; (2) 
the acceptability of intervention by totalling the number 
of people who agree to be randomised (and take part in 
the trial) as a fraction of all potential participants; and 
(3) medication adherence as assessed by the number 
of people who correctly adhere to the study medication 
as instructed. Adherence will be measured by the study 
coordinator who will count the pills returned at each visit 
and via an adherence card that participants must tick off 
every day once they take their medication. The results will 
be used to inform progression to a definitive RCT. Thus, 
the number of eligible patients who attend a screening 
visit, the proportion who agree to be randomised and 
the proportion who adhere to the trial medication as 
instructed for the 3-month period will all be recorded.

Secondary outcomes
Secondary outcomes include brain oxidative stress, sleep–
wake disturbance, mood, vascular function, cognition 
and safety. The schedule of study procedures is shown in 
table 1. Effect sizes and variability (means, SDs, CIs) of 
melatonin and placebo on each of the following measure-
ments will be recorded:

Biomarkers
(a) The concentration of glutathione in the anterior and 
posterior cingulate measured via MRS, chosen as gluta-
thione is the primary indicator of oxidative stress in the 
brain.32 The involvement of the cingulate cortex in the 
earliest stages of MCI and AD has been emphasised in 
neuropathological, functional and volumetric studies.33 
Further, atrophy in both the heterogeneous subdivisions: 
the anterior and posterior cingulate cortex has been linked 
to MCI.33 Moreover, hypometabolism and hypoperfusion 
in the posterior cingulate occur before any other region 
in patients with MCI.34 Due to the inherent difficulties 
in using MRS to examine the hippocampus due to its 
proximity to the lateral ventricles and low signal-to-noise 
ratio, and as such the in vivo concentration of cingulate 
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glutathione is being examined, as per Duffy et al.35 Addi-
tionally, there is evidence for increased oxidative stress 
in the brains of people with MCI.36 We will use an estab-
lished spectroscopy sequence35 using a 32-channel head 
array. Analysis will be processed using a software program 
(LCModel).37 (b) Blood markers of oxidative stress and 
inflammation (including glutathione and C reactive 
protein), glucose and melatonin levels. Fasted bloods will 
be taken in the morning at baseline and 3 months.

Vascular markers
(c) Seated blood pressure and heart rate38; (d) pulse wave 
velocity and pulse wave analysis for the assessment of arte-
rial stiffness and central aortic pressure (Sphygmocor, 
Atcor Medical, Sydney, Australia)39; (e) 24-hour ambula-
tory central aortic pressure and arterial stiffness (Oscar 
2, SunTech Medical, Model 250, North Carolina, USA).40

Sleep and circadian measures
(f) Rest–wake activity (non-parametric and cosinor 
analysis) using actigraphy, a wrist-worn accelerometer 
collected over 2 weeks, accompanied by a sleep log (Phil-
lips Actiware V.6, Respironics, Murrysville, Pennsylvania, 
USA).41 Parameters measured will include sleep midpoint, 
sleep onset latency, wake after sleep onset, sleep efficiency 
and sleep offset. Cosinor variables will include: cosinor 
phase, cosinor amplitude, cosinor SD, cosinor mean 
and cosinor intercept. Non-parametric variables will 
include: interdaily stability, intradaily variability, relative 
amplitude, L5, L5 onset, M10 and M10 onset. Actigraphy 
will be processed R packages: ‘mice’ for imputation,42 
‘nparACT’ for non-parametric analysis43 and ‘psych’ for 
cosinor analysis.44 (g) Subjective sleep quality (Pittsburgh 
Sleep Quality Index, Insomnia Severity Index45), Leeds 
Sleep Evaluation Questionnaire,46 where an increase in 
total score indicates positive impacts on sleep.

Mood
(h) Depressive symptoms (Geriatric Depression Scale47); 
(i) anxiety symptoms (Geriatric Anxiety Scale48). All sleep, 
circadian and mood questionnaires will be completed 
online by the participant on REDCap.

Cognition
(j) Encoding, recall and recognition in a single modality 
(California Verbal Learning Test49); (k) set shifting 
and executive function (Oral Trail Making Test)50 (l) 
memory, processing speed and executive functioning 
(Cambridge Neuropsychological Test Automated Battery; 
Paired Associated Learning; Rapid Visual Processing and 
Multitasking Test)51; (m) verbal fluency (Delis, Kaplan 
Executive Functioning System Verbal Fluency Alternate). 
Cognitive tests will be administered via telehealth by an 
appropriately trained neuropsychologist.

Safety
(n) Raw AE reports supplied by patients will be coded 
using the latest version of MedDRA by a sleep physician 
and the medical principal investigator (PI) and reported 

as tabulated raw counts. (o) Safety and exploratory 
outcome (Leeds Sleep Evaluation Questionnaire), where 
a decrease in total score indicates negative impacts on 
sleep and daytime functioning. Safety will be collected via 
phone, email and online questionnaire.

All data collection personnel including phleboto-
mists, neuropsychologists and medical officers will be 
adequately qualified and trained for the role.

Where possible, aspects of the trial will be conducted via 
telehealth and online assessments (including screening, 
questionnaires, AE collections and cognitive assess-
ments). The 24-hour blood pressure cuff will be set up 
on the participant by the study coordinator at each visit. 
They will send it back to the site the next day in a prepaid 
envelope. The actigraphy watch will be sent in the mail 
with a prepaid return envelope with detailed instructions. 
The study coordinator will also contact the participant to 
explain the procedures. This procedure is currently in use 
at the HBA Clinic at the University of Sydney. Participants 
will be asked to attend face-to-face visits for assessments 
that are unable to be collected in this manner (eg, MRIs, 
blood collections and pulse wave analysis). If unable to 
attend due to COVID-19 restrictions, these tests will be 
omitted until it is safe to introduce them to the remaining 
participants. Once restrictions are lifted, we will aim to 
maintain as many of the assessments via telehealth and 
online as possible.

Table 1  Schedule of study procedures

List of 
interventions Screening Baseline

Follow-
up

Follow-
up

Week(s) −2 0 6 12

Cognitive 
assessment

X  �   �   �

Informed consent X  �   �   �

Inclusion/exclusion 
criteria

X  �   �   �

Medical 
assessment

X  �   �   �

Actigraphy 
assessment

 �  X  �  X

MRI scan  �  X  �  X

Questionnaires  �  X X X

Cognition and 
memory tests

 �  X  �  X

Blood collection  �  X X

Pulse wave velocity 
and analysis

 �  X X

24-hour central 
blood pressure 
monitoring

 �  X  �  X

Adverse event 
collection

 �   �  X X

Melatonin 
dispensing

 �  X X  �
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Data storage
All data will be stored at the HBA Clinic in written and 
electronic formats. Participants’ information will reside 
on a secure server that is regularly backed up. Data will 
be entered manually by keyboard into the electronic data 
capture system (REDCap), which has range checks for 
data values where appropriate. All participants will have 
unique screening and randomisation numbers. Partici-
pant personal details (name, date of birth and so on) 
will be de-identified in each record but are linkable via 
the allocated screening number. Only the investigator 
team will have access to the final trial data set. Any other 
persons would require approval from the investigator 
team. All data will be stored securely for at least 15 years 
as per local guidelines.52 Storage of the data collected 
will adhere to the University of Sydney regulations and 
the Australian Code for the Responsible Conduct of 
Research.

Confidentiality
Participant data will be identified by a code number that 
will be allocated after the participant gives consent to 
participate in the study. The key linking the participant’s 
identity to the relevant code will be stored in a password-
encrypted file. In any publication and/or presentation, 
information will be provided in such a way that partic-
ipants cannot be identified, except with their written, 
informed permission. Any information obtained for the 
purpose of this research that could identify participants 
will be treated as confidential and securely stored.

Adverse events
From the time the participant receives the study medica-
tion, all AEs (including SAEs), regardless of relatedness 
to the study drug, will be recorded. Relevant diagnosis, 
signs and symptoms associated with significant laboratory 
changes will be recorded as an AE. Surgical interventions 
which are planned prior to study enrolment will not be 
considered as AEs. In the event of an SAE, both PIs will be 
informed, and local regulatory authorities will be notified 
within 24 hours of the investigators becoming aware of 
the SAE. Study medical officers will ensure that follow-up 
of the participant is appropriate to the nature of the 
event, and that it continues until resolution.

Any change in terms of diagnosis, intensity, serious-
ness, measures taken, causality or outcome regarding 
an AE already reported will be recorded. If the AE has 
not resolved at the participant’s final visit in the study, 
the participant will be followed up suitably and any infor-
mation on the outcome of the event will be noted. The 
information will be collected at a follow-up visit. If the 
follow-up of the participant is not done directly by the 
investigator (hospitalisation, followed by a specialist or 
the participant’s general practitioner), the investigator 
will make all reasonable attempts to establish/main-
tain contact with the person/department in charge of 
follow-up of the participant.

Monitoring
All AEs and SAEs will be monitored by the investigating 
team and discussed at weekly meetings. These discussions 
will be undertaken blinded to treatment allocation. The 
participants will be called the week after commencing 
treatment and asked open-ended questions about any 
symptoms they are experiencing. The Leeds Sleep Eval-
uation Questionnaire53 will also be administered at the 
6-week and 12-week visits to assist with AE collection. 
Participants will be permitted to withdraw from the trial 
on their request, or if recommended by the medical 
PI. Participants will still be asked for data to use in an 
intention-to-treat analysis.

There are no planned interim analyses. The final deci-
sion to terminate the trial lies with the PIs. Stopping deci-
sions will be based on (1) safety data and (2) ongoing 
trial funding. The investigators will conduct a blinded six 
monthly reviews of all SAEs; and if after discussion the 
rate of SAEs is deemed unacceptable by the PIs, then the 
study will be stopped, and the Human Research Ethics 
Committee will be advised of the decision.

Sample size
The current protocol is intended as a feasibility study to 
demonstrate that this population would be willing and 
able to complete the study requirements. A power anal-
ysis was not conducted due to the exploratory nature 
of this study. A sample size of 20 participants in each 
group (40 total) was decided to be adequate to provide 
accurate information on the feasibility, tolerability and 
acceptability.

Data analysis
Data will be analysed using SPSS (IBM, V.25.0). Primary 
outcome data will be analysed by assessing the proportion 
of people who were eligible to join the study, agreed to 
be randomised and adhered to the trial medication. The 
minimum feasibility will be 80% for the three measures.

Secondary outcome data will be analysed using linear 
mixed-model analysis of variance due to expected inter-
patient variability and repeated measures. Participants 
will be random factors. Treatment and time (0, 6 and 
12 weeks where appropriate) will be fixed factors. The 
treatment x time interaction will be examined to see the 
specific difference between treatments at the 12-week 
time point with repeated measures. Analysis will be by 
intention-to-treat whereby all available data will be used 
in the final analyses, regardless of adherence to protocol 
or termination of study involvement. Per-protocol anal-
yses will be performed in completed participants as well 
as participants who are adherent to medication (taken on 
a specified proportion of nights). Correlations between 
outcomes of interest will be examined using Pearson’s 
correlation or Spearman’s correlations where appro-
priate. Qualitative, subjective feedback from participants 
and referrers will also be collected to determine barriers 
to feasibility.
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Patient and public involvement
This study was developed by the investigators based on 
existing literature, and patients were not consulted 
in terms of study design and the development of the 
protocol. However, as feasibility is the primary outcome, 
completed participants and consumer representatives will 
be invited to be involved in the development and design 
of larger scale trials.

ETHICS AND DISSEMINATION
This protocol has been approved by the Sydney Local 
Health District Ethics Committee (X18-0077). This 
RCT will be conducted in compliance with the protocol 
published in the registry, the International Conference 
for Harmonisation on Good Clinical Practice and all other 
applicable regulatory requirements. The findings of the 
trial will be disseminated via conferences, publications 
and media, as applicable. Participants will be informed of 
results of the study at the conclusion of the trial. Eligible 
authors will include investigators who are involved in the 
conception and design of the study, the conduct of the 
trial, the analysis of the results, and reporting and presen-
tation of study findings.

DISCUSSION
The current study aims to provide evidence for the feasi-
bility, acceptability and tolerability of 25 mg of melatonin 
in MCI. Evidence of the use of melatonin in populations 
‘at risk’ for dementia is extremely limited. This pilot will 
inform the powering and design of a larger definitive 
RCT to understand the effects of melatonin on modi-
fiable dementia risk factors as well as on cognition and 
brain functioning. This trial protocol may be of interest 
to others aiming to trial early interventions in MCI, which 
is a unique population with great potential for impacting 
progression to dementia.

Trial status
Recruitment began in October 2019 and is estimated to 
last for 2 years.

Author affiliations
1Healthy Brain Ageing Program, The University of Sydney School of Psychology, 
Sydney, New South Wales, Australia
2Charles Perkins Centre, The University of Sydney, Sydney, New South Wales, 
Australia
3Brain & Mind Centre, The University of Sydney, Sydney, New South Wales, Australia
4CIRUS, Centre for Sleep and Chronobiology, The Woolcock Institute of Medical 
Research, Camperdown, New South Wales, Australia
5Faculty of Medicine and Health, University of Sydney, Sydney, New South Wales, 
Australia
6Royal Prince Alfred Hosptial, Sydney Local Health District, Sydney, New South 
Wales, Australia

Twitter Zoe Menczel Schrire @zoemschrire, Nathaniel S Marshall @NatSleep and 
Camilla M Hoyos @HoyosCamilla

Acknowledgements  The authors thank all the staff at the Healthy Brain Ageing 
Clinic for assisting with implementing the trial.

Contributors  All authors contributed to the shaping and creating of this protocol. 
RRG and CMH are the medical and non-medical principal investigators, respectively. 
NSM is the trial statistician. All authors were involved in the conceptualisation and 
design of the study, of which CLP played an integral role. Specialist knowledge was 
provided about MRI and MRS by SLD, melatonin by CJG, clinical trials by JLC and 
pharmacy by BS. SJGL was the overseeing medical officer. LM and SLN oversaw 
the cognitive battery. SLN was the overseeing neuropsychologist. HMLM assisted 
in incorporating online cognition assessments. ZMS is the trial coordinator and 
responsible for data collection, entry and statistical analysis overseen by CMH 
and NSM. ZMS drafted the manuscript which all authors read, contributed to and 
approved.

Funding  The trial will be funded via Dr Hoyos’ NHMRC-ARC Dementia Research 
Development Fellowship (APP1104003). ZMS is funded by the Centre of Research 
Excellence to Optimise Sleep in Brain Ageing and Neurodegeneration (CogSleep 
CRE) Scholarship.

Competing interests  None declared.

Patient consent for publication  Not required.

Provenance and peer review  Not commissioned; externally peer reviewed.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://​creativecommons.​org/​licenses/​by-​nc/​4.​0/.

ORCID iDs
Zoe Menczel Schrire http://​orcid.​org/​0000-​0001-​9903-​0899
Camilla M Hoyos http://​orcid.​org/​0000-​0002-​6543-​4016

REFERENCES
	 1	 Ijaopo EO. Dementia-related agitation: a review of non-

pharmacological interventions and analysis of risks and benefits of 
pharmacotherapy. Transl Psychiatry 2017;7:e1250-e.

	 2	 Braak H, Braak E. Development of Alzheimer-related neurofibrillary 
changes in the neocortex inversely recapitulates cortical 
myelogenesis. Acta Neuropathol 1996;92:197–201.

	 3	 Jessen F, Wolfsgruber S, Wiese B, et al. AD dementia risk in late 
MCI, in early MCI, and in subjective memory impairment. Alzheimers 
Dement 2014;10:76–83.

	 4	 Buchhave P, Minthon L, Zetterberg H, et al. Cerebrospinal fluid levels 
of β-Amyloid 1-42, but not of tau, are fully changed already 5 to 10 
years before the onset of Alzheimer dementia. JAMA Psychiatry 
2012;69:98–106.

	 5	 Livingston G, Sommerlad A, Orgeta V, et al. Dementia prevention, 
intervention, and care. Lancet 2017;390:2673–734.

	 6	 Shi L, Chen S-J, Ma M-Y, et al. Sleep disturbances increase the risk 
of dementia: a systematic review and meta-analysis. Sleep Med Rev 
2018;40:4–16.

	 7	 Naismith SL, Mowszowski L. Sleep disturbance in mild cognitive 
impairment: a systematic review of recent findings. Curr Opin 
Psychiatry 2018;31:153–9.

	 8	 Wojsiat J, Zoltowska KM, Laskowska-Kaszub K, et al. Oxidant/
Antioxidant imbalance in Alzheimer’s disease: therapeutic and 
diagnostic prospects. Oxid Med Cell Longev 2018;2018:6435861

	 9	 Praticò D, Clark CM, Liun F, et al. Increase of brain oxidative stress in 
mild cognitive impairment: a possible predictor of Alzheimer disease. 
Arch Neurol 2002;59:972–6.

	10	 Lim GP, Chu T, Yang F, et al. The curry spice curcumin reduces 
oxidative damage and amyloid pathology in an Alzheimer transgenic 
mouse. J Neurosci 2001;21:8370–7.

	11	 Duffy SL, Lagopoulos J, Cockayne N, et al. The effect of 12-wk 
ω-3 fatty acid supplementation on in vivo thalamus glutathione 

https://twitter.com/zoemschrire
https://twitter.com/NatSleep
https://twitter.com/HoyosCamilla
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-9903-0899
http://orcid.org/0000-0002-6543-4016
http://dx.doi.org/10.1038/tp.2017.199
http://dx.doi.org/10.1007/s004010050508
http://dx.doi.org/10.1016/j.jalz.2012.09.017
http://dx.doi.org/10.1016/j.jalz.2012.09.017
http://dx.doi.org/10.1016/S0140-6736(17)31363-6
http://dx.doi.org/10.1016/j.smrv.2017.06.010
http://dx.doi.org/10.1097/YCO.0000000000000397
http://dx.doi.org/10.1097/YCO.0000000000000397
http://dx.doi.org/10.1155/2018/6435861
http://dx.doi.org/10.1001/archneur.59.6.972
http://dx.doi.org/10.1523/JNEUROSCI.21-21-08370.2001


8 Menczel Schrire Z, et al. BMJ Open 2021;11:e041500. doi:10.1136/bmjopen-2020-041500

Open access�

concentration in patients “at risk” for major depression. Nutrition 
2015;31:1247–54.

	12	 Cajochen C, Kräuchi K, Wirz-Justice A. Role of melatonin in the 
regulation of human circadian rhythms and sleep. J Neuroendocrinol 
2003;15:432–7.

	13	 Carpentieri A, Díaz de Barboza G, Areco V, et al. New perspectives in 
melatonin uses. Pharmacol Res 2012;65:437–44.

	14	 Broe GA, Grayson DA, Creasey HM, et al. Anti-Inflammatory drugs 
protect against Alzheimer disease at low doses. Arch Neurol 
2000;57:1586–91.

	15	 Paglieri C, Bisbocci D, Caserta M, et al. Hypertension and cognitive 
function. Clin Exp Hypertens 2008;30:701–10.

	16	 Slats D, Claassen JAHR, Verbeek MM, et al. Reciprocal interactions 
between sleep, circadian rhythms and Alzheimer’s disease: 
focus on the role of hypocretin and melatonin. Ageing Res Rev 
2013;12:188–200.

	17	 Wang X. The antiapoptotic activity of melatonin in neurodegenerative 
diseases. CNS Neurosci Ther 2009;15:345–57.

	18	 Jean-Louis G, von Gizycki H, Zizi F. Melatonin effects on sleep, 
mood, and cognition in elderly with mild cognitive impairment. J 
Pineal Res 1998;25:177–83.

	19	 Rolandi E, Zaccaria D, Vaccaro R, et al. Estimating the potential for 
dementia prevention through modifiable risk factors elimination in the 
real-world setting: a population-based study. Alzheimers Res Ther 
2020;12:94.

	20	 Tampi RR, Tampi DJ, Balachandran S. Antipsychotics, 
antidepressants, anticonvulsants, melatonin, and benzodiazepines 
for behavioral and psychological symptoms of dementia: a 
systematic review of meta-analyses. Curr Treat Options Psychiatry 
2017;4:55–79.

	21	 He H, Dong W, Huang F. Anti-amyloidogenic and anti-apoptotic 
role of melatonin in Alzheimer disease. Curr Neuropharmacol 
2010;8:211–7.

	22	 Asayama K, Yamadera H, Ito T, et al. Double blind study of 
melatonin effects on the sleep-wake rhythm, cognitive and non-
cognitive functions in Alzheimer type dementia. J Nippon Med Sch 
2003;70:334–41.

	23	 Cardinali DP, Vigo DE, Olivar N, et al. Therapeutic application of 
melatonin in mild cognitive impairment. Am J Neurodegener Dis 
2012;1:280–91.

	24	 Furio AM, Brusco LI, Cardinali DP. Possible therapeutic value of 
melatonin in mild cognitive impairment: a retrospective study. J 
Pineal Res 2007;43:404–9.

	25	 Chan A-W, Tetzlaff JM, Altman DG, et al. SPIRIT 2013 statement: 
defining standard protocol items for clinical trials. Ann Intern Med 
2013;158:200–7.

	26	 Wittich W, Phillips N, Nasreddine ZS, et al. Sensitivity and specificity 
of the Montreal cognitive assessment modified for individuals who 
are visually impaired. J Vis Impair Blind 2010;104:360–8.

	27	 Rabin LA, Saykin AJ, Wishart HA, et al. The memory and aging 
telephone screen: development and preliminary validation. 
Alzheimers Dement 2007;3:109–21.

	28	 Wechsler D. WAIS-III scoring assistant [Computer software]. San 
Antonio, TX: Psychological Corporation, 1997.

	29	 Ricker JH, Axelrod BN, Houtler BD. Clinical validation of the oral 
TRAIL making test. Neuropsychiatry, Neuropsychology, & Behavioral 
Neurology 1996.

	30	 Delis DC, Kaplan E, Kramer JH. Delis-Kaplan executive function 
system, 2001.

	31	 Petersen RC. Mild cognitive impairment as a diagnostic entity. J 
Intern Med 2004;256:183–94.

	32	 Duffy SL, Lagopoulos J, Hickie IB, et al. Glutathione relates to 
neuropsychological functioning in mild cognitive impairment. 
Alzheimer’s & Dementia 2014;10:67–75.

	33	 Choo ILH, Lee DY, Oh JS, et al. Posterior cingulate cortex atrophy 
and regional cingulum disruption in mild cognitive impairment and 
Alzheimer's disease. Neurobiol Aging 2010;31:772–9.

	34	 Matsuda H. Role of neuroimaging in Alzheimer’s disease, 
with emphasis on brain perfusion SPECT. J Nucl Med 
2007;48:1289–300.

	35	 Duffy SL, Lagopoulos J, Hickie IB, et al. Glutathione relates to 
neuropsychological functioning in mild cognitive impairment. 
Alzheimers Dement 2014;10:67–75.

	36	 Padurariu M, Ciobica A, Hritcu L, et al. Changes of some oxidative 
stress markers in the serum of patients with mild cognitive 
impairment and Alzheimer's disease. Neurosci Lett 2010;469:6–10.

	37	 Provencher SW. Estimation of metabolite concentrations 
from localized in vivo proton NMR spectra. Magn Reson Med 
1993;30:672–9.

	38	 Hadi A, Ghaedi E, Moradi S, et al. Effects of melatonin 
supplementation on blood pressure: a systematic review and 
meta-analysis of randomized controlled trials. Horm Metab Res 
2019;51:157–64.

	39	 Butlin M, Qasem A. Large artery stiffness assessment using 
SphygmoCor technology. Pulse 2017;4:180–92.

	40	 Serinel Y, Hoyos C, Qasem A, et al. Diurnal changes in central blood 
pressure and pulse pressure amplification in patients with obstructive 
sleep apnoea. Int J Cardiol Hypertens 2019;1:100002.

	41	 Martin JL, Hakim AD. Wrist actigraphy. Chest 2011;139:1514–27.
	42	 Sv B, Groothuis-Oudshoorn K. mice: Multivariate imputation by 

chained equations in R. Journal of statistical software, 2010: 1–68.
	43	 Blume C, Santhi N, Schabus M. ‘nparACT’ package for R: a free 

software tool for the non-parametric analysis of actigraphy data. 
MethodsX 2016;3:430–5.

	44	 Revelle W. Psych: procedures for psychological, psychometric, and 
personality research. Evanston, Illinois: Northwestern University, 
2014: 165. 1–10.

	45	 Buysse DJ, Reynolds CF, Monk TH, et al. The Pittsburgh sleep 
quality index: a new instrument for psychiatric practice and research. 
Psychiatry Res 1989;28:193–213.

	46	 Parrott AC, Hindmarch I. The leeds sleep evaluation 
questionnaire in psychopharmacological investigations—a review. 
Psychopharmacology 1980;71:173–9.

	47	 Yesavage JA, Brink TL, Rose TL, et al. Development and validation 
of a geriatric depression screening scale: a preliminary report. J 
Psychiatr Res 1982;17:37–49.

	48	 Segal DL, June A, Payne M, et al. Development and initial validation 
of a self-report assessment tool for anxiety among older adults: the 
geriatric anxiety scale. J Anxiety Disord 2010;24:709–14.

	49	 Delis DC, Kramer JH, Kaplan E, et al. CVLT: California verbal learning 
test-adult version: manual: psychological Corporation, 1987.

	50	 Ricker JH, Axelrod BN, Houtler BD. Clinical validation of the oral 
TRAIL making test. Neuropsych Neuropsychol Behav Neurol 
1996;9:50–3.

	51	 J. Fray P, W. Robbins T, J. Sahakian B. Neuorpsychiatyric 
applications of CANTAB. Int J Geriatr Psychiatry 1996;11:329–36.

	52	 Health N, and Medical Research Council ARCaU, Australia. 
Management of data and information in research: a guide supporting 
the Australian code for the responsible conduct of research. 
Commonwealth of Australia, Canberra, 2019.

	53	 Parrott AC, Hindmarch I. Factor analysis of a sleep evaluation 
questionnaire. Psychol Med 1978;8:325–9.

http://dx.doi.org/10.1016/j.nut.2015.04.019
http://dx.doi.org/10.1046/j.1365-2826.2003.00989.x
http://dx.doi.org/10.1016/j.phrs.2012.01.003
http://dx.doi.org/10.1001/archneur.57.11.1586
http://dx.doi.org/10.1080/10641960802563584
http://dx.doi.org/10.1016/j.arr.2012.04.003
http://dx.doi.org/10.1111/j.1755-5949.2009.00105.x
http://dx.doi.org/10.1111/j.1600-079X.1998.tb00557.x
http://dx.doi.org/10.1111/j.1600-079X.1998.tb00557.x
http://dx.doi.org/10.1186/s13195-020-00661-y
http://dx.doi.org/10.1007/s40501-017-0104-2
http://dx.doi.org/10.2174/157015910792246137
http://dx.doi.org/10.1272/jnms.70.334
http://www.ncbi.nlm.nih.gov/pubmed/23383398
http://dx.doi.org/10.1111/j.1600-079X.2007.00491.x
http://dx.doi.org/10.1111/j.1600-079X.2007.00491.x
http://dx.doi.org/10.7326/0003-4819-158-3-201302050-00583
http://dx.doi.org/10.1177/0145482X1010400606
http://dx.doi.org/10.1016/j.jalz.2007.02.002
http://dx.doi.org/10.1111/j.1365-2796.2004.01388.x
http://dx.doi.org/10.1111/j.1365-2796.2004.01388.x
http://dx.doi.org/10.1016/j.jalz.2013.01.005
http://dx.doi.org/10.1016/j.neurobiolaging.2008.06.015
http://dx.doi.org/10.2967/jnumed.106.037218
http://dx.doi.org/10.1016/j.jalz.2013.01.005
http://dx.doi.org/10.1016/j.neulet.2009.11.033
http://dx.doi.org/10.1002/mrm.1910300604
http://dx.doi.org/10.1055/a-0841-6638
http://dx.doi.org/10.1159/000452448
http://dx.doi.org/10.1016/j.ijchy.2019.100002
http://dx.doi.org/10.1378/chest.10-1872
http://dx.doi.org/10.1016/j.mex.2016.05.006
http://dx.doi.org/10.1016/0165-1781(89)90047-4
http://dx.doi.org/10.1007/BF00434408
http://dx.doi.org/10.1016/0022-3956(82)90033-4
http://dx.doi.org/10.1016/0022-3956(82)90033-4
http://dx.doi.org/10.1016/j.janxdis.2010.05.002
http://dx.doi.org/10.1002/(SICI)1099-1166(199604)11:4<329::AID-GPS453>3.0.CO;2-6
http://dx.doi.org/10.1017/S0033291700014379

	Feasibility of 3-­month melatonin supplementation for brain oxidative stress and sleep in mild cognitive impairment: protocol for a randomised, placebo-­controlled study
	Abstract
	Background﻿﻿
	Methods
	Study design
	Participants and setting
	Recruitment, eligibility and consent
	Randomisation and blinding
	Investigational product
	Primary outcomes
	Secondary outcomes
	Biomarkers
	Vascular markers
	Sleep and circadian measures
	Mood
	Cognition
	Safety

	Data storage
	Confidentiality
	Adverse events
	Monitoring
	Sample size
	Data analysis
	Patient and public involvement

	Ethics and dissemination
	Discussion
	Trial status

	References


