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Abstract

Background: Poor sleep, defined as short-duration or poor-quality sleep, is a frequently reported condition with many deleterious
effects including poorer cognitive functioning, increased accidents, and poorer health. Melatonin has been shown to be an
efficacious treatment to manage symptoms of poor sleep. However, the treatment effects of melatonin on sleep can vary greatly
between participants. Personalized, or N-of-1, trial designs represent a method for identifying the best treatment for individual
participants. Although using N-of-1 trials of melatonin to treat poor sleep is possible, the feasibility, acceptability, and effectiveness
of N-of-1 trials using melatonin are unknown. Using the National Institutes of Health Stage Model for Behavioral Intervention
Development, a stage IB (intervention refinement, modification, and adaptation and pilot testing) design appeared to be needed
to address these feasibility questions.

Objective: This trial series evaluates the feasibility, acceptability, and effectiveness of a series of personalized interventions
for remote delivery of melatonin dose (3 and 0.5 mg) versus placebo supplements for self-reported poor sleep among 60 participants.
The goal of this study is to provide valuable information about implementing remote N-of-1 randomized controlled trials to
improve poor sleep.

Methods: Participants will complete a 2-week baseline followed by six 2-week alternating intervention periods of 3 mg of
melatonin, 0.5 mg of melatonin, and placebo. Participants will be randomly assigned to 2 intervention orders. The feasibility and
acceptability of the personalized trial approach will be determined with participants’ ratings of usability and satisfaction with the
remote, personalized intervention delivery system. The effectiveness of the intervention will be measured using participants’
self-reported sleep quality and duration and Fitbit tracker–measured sleep duration and efficiency. Additional measures will
include ecological momentary assessment measures of fatigue, stress, pain, mood, concentration, and confidence as well as
measures of participant adherence to the intervention, use of the Fitbit tracker, and survey data collection.

Results: As of the submission of this protocol, recruitment for this National Institutes of Health stage IB personalized trial series
is approximately 78.3% complete (47/60). We expect recruitment and data collection to be finalized by June 2023.

Conclusions: Evaluating the feasibility, acceptability, and effectiveness of a series of personalized interventions of melatonin
will address the longer term aim of this program of research—is integrating N-of-1 trials useful patient care? The personalized
trial series results will be published in a peer-reviewed journal and will follow the CONSORT (Consolidated Standards of
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Reporting Trials) extension for N-of-1 trials (CENT 2015) reporting guidelines. This trial series was approved by the Northwell
Health institutional review board.

Trial Registration: ClinicalTrials.gov NCT05349188; https://www.clinicaltrials.gov/study/NCT05349188

International Registered Report Identifier (IRRID): DERR1-10.2196/45313

(JMIR Res Protoc 2023;12:e45313) doi: 10.2196/45313
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Introduction

Sleep health is understood to be a multidimensional construct
influenced by dimensions such as duration, satisfaction, timing,
efficiency, and alertness, and it is a partially subjective
experience that should be assessed in the context of the
individual. In recent years [1], the prevalence of self-reported
difficulty sleeping has increased, and population studies have
shown increasing trends toward shorter sleep duration [2]. A
recent study of US workers found the prevalence of short sleep
duration to be 37.6% and associated poor sleep quality to be
19.2% [3]. Deleterious effects of poor sleep include a heightened
stress response; pain; depression; anxiety; and deficits in
cognition, memory, and performance [4]. Short sleep duration
or poor-quality sleep is also associated with health outcomes
including obesity [5], diabetes [6], hypertension [7],
cardiovascular disease [7], higher productivity loss [8], reduced
quality of life [9], depression [9], and mortality [8]. The causes
of poor sleep, defined by short sleep duration and the commonly
associated poor-quality sleep [10], can be complex and diverse.
These include personal factors such as sex, mental health status,
and BMI [8]. Lifestyle factors such as smoking, poor diet, and
low physical activity (less than 120 minutes) also predict short
sleep duration [8]. Further, environmental factors including
financial concerns, children, marital status, irregular work hours,
and a long commute can also influence sleep quality and
duration. Finally, discrete sleep disorders such as obstructive
sleep apnea, insomnia, and restless leg syndrome may also affect
sleep [11]. The complex etiology of sleep duration and quality
means that not all individuals suffering from poor sleep have
comparable presentations. The widespread and increasing nature
of poor sleep and the gravity of its effects support the need for
innovative treatments. Furthermore, the diversity of factors
contributing to poor sleep warrants treatment that accounts for
individual differences among participants. Poor sleep has been
determined as high priority for a personalized trial approach by
previously interviewed clinicians and patients [12].

Exogenous melatonin supplements are widely used to treat
insomnia and sleep disorders as well as to adjust altered sleep
schedules related to jet lag [13]. Doses of melatonin available
over the counter range from 0.3 mg to a maximum of 10 mg,
but they typically fall within the range of 0.3 to 3 mg [14].
Because melatonin is naturally occurring within the brain and
external food sources such as fish, eggs, milk, nuts, and seeds
[15], it is considered a dietary supplement, therefore warranting
less regulation before distribution than a typical drug [16]. As
such, research evaluating the efficacy of melatonin across

populations is still developing. However, various clinical trials
have been conducted demonstrating the efficacy of exogenous
melatonin in treating sleep disorders regardless of the etiology
of the disorder [17-20].

Functionally, endogenous melatonin secretion is governed by
the suprachiasmatic nucleus (SCN) of the hypothalamus, which
is the primary circadian pacemaker in mammals [21]. In addition
to its endogenous activity, the SCN responds to retinal light
exposure to help regulate circadian rhythms, which impact
significant processes relevant to survival, including sleep, wake,
appetite, mood, hormone secretions, and behaviors. During the
daytime, the SCN, reinforced by external light patterns, activates
processes that maintain wakefulness, attention, and cognitive
capacity. Melatonin, secreted by the pineal gland primarily
during darkness or nighttime in response to a signal from the
SCN, is thought to facilitate sleep in part by inhibiting processes
associated with wakefulness [21]. Therefore, exogenous
melatonin supplements are thought to promote increased sleep
duration by signaling to melatonin receptors that day has, in
fact, shifted into night [22]. As such, melatonin has been found
to be particularly useful in facilitating sleep initiation and
increased sleep duration for individuals with disrupted circadian
rhythms resulting from, for example, overnight shift work, jet
lag, or sleep-wake disorders [23]. Melatonin has also been
indicated in improving sleep efficacy and daytime sleepiness
in healthy volunteers [24].

Importantly, clinical trials of melatonin therapy for sleep have
found that not all participants benefit equally from treatment
with melatonin. Several meta-analyses assessing the efficacy
of melatonin therapy found evidence for significant
heterogeneity in the effectiveness of melatonin interventions,
particularly for outcomes including sleep onset latency, total
sleep duration, and sleep efficiency [25,26]. Furthermore, the
authors of a recent systematic review assessing melatonin’s
effect on these sleep dimensions across 23 clinical trials
identified significant between-study heterogeneity, which they
attributed to differences in participant health status [27].
Participants with respiratory diseases, metabolic disorders, and
sleep disorders saw greater sleep improvement from melatonin
therapy than participants with a variety of other health concerns,
including mental disorders, neurodegenerative diseases, and
breast cancer [27]. Authors across meta-analytic publications
additionally cite concerns regarding the heterogeneity of
treatment dosage between studies; without consistent dosage
information, the authors could not draw robust conclusions
regarding overall treatment efficacy or minimum and maximum
dosage recommendations for different populations [26,28].

JMIR Res Protoc 2023 | vol. 12 | e45313 | p. 2https://www.researchprotocols.org/2023/1/e45313
(page number not for citation purposes)

Butler et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.2196/45313
http://www.w3.org/Style/XSL
http://www.renderx.com/


These findings suggest that not all participants benefit equally
from treatment with melatonin.

Because of this variability in treatment provision and response,
participants taking melatonin may benefit from a personalized
(N-of-1) trial approach [29,30]. Personalized trials are a research
approach that helps participants to select which treatments work
best for them individually. Participants in a personalized N-of-1
trial receive a multiple crossover trial with continuous collection
of objective outcome data throughout the trial. Interventions
are delivered in alternating time periods of treatment, alternative
treatment, and placebo therapies, usually in randomized blocks
[31,32]. At the completion of the personalized trial, the effect
of each intervention is evaluated and the trial participants are
able to select which intervention works best for them.
Personalized trials are designed to provide patients with
high-integrity, evidence-based information uniquely relevant
to the outcomes and values important to them so they may
identify efficacious treatments [33]. Despite the potential of
personalized trials, N-of-1 personalized designs are not often
used in clinical practice [31,34-36]. In surveys that examined
attitudes about personalized trials, hesitancy to engage in
personalized N-of-1 trials was attributed to the cost and effort
required for implementation [31,34,36].

In the context of melatonin therapy, personalized trials would
elucidate gaps in previous research by helping to identify the
optimal melatonin treatment for participants despite a variety
of demographic, health-related, and environmental factors.
However, given prior issues with implementing personalized
N-of-1 trials, it is important to evaluate the feasibility of this
type of intervention for feasibility and acceptability from a
participant perspective and the effectiveness of melatonin
delivered in a personalized N-of-1 trial. On the basis of
guidelines in the National Institutes of Health Stage Model for
Behavioral Intervention Development [37], we will conduct a

stage IB (ie, intervention refinement, modification, and
adaptation and pilot testing) design trial to address these
feasibility questions.

This study evaluates the feasibility, acceptability, and
effectiveness of a series of personalized interventions for remote
delivery of higher dose melatonin at 3 mg, lower dose melatonin
at 0.5 mg, and a placebo supplement in 60 participants with
self-reported poor sleep. By using new wearable technologies
(such as Fitbit devices), commercially available supplements
(such as melatonin produced by Pure Encapsulations), and
commercially available medication adherence devices (such as
Nomi by SMRxT), the current protocol allows for remote
assessment of outcomes and thereby also continuous data
collection. Further, remote delivery of the intervention allows
each participant to receive the intervention and be assessed for
poor sleep in their own home with limited disruption. Results
from this study will determine whether remote delivery of these
interventions is feasible and acceptable for participants with
self-reported poor sleep and will allow clinicians to identify
whether remote delivery of melatonin can effectively allow
patients to manage their sleep.

Methods

Study Design
The study is a series of 60 randomized personalized N-of-1
trials examining the effects of 3 mg of melatonin and 0.5 mg
of melatonin versus placebo for poor sleep. The intervention
will be delivered remotely to participants residing in the United
States over the course of 14 weeks. Participants will be provided
with a Fitbit Charge 5 device, all necessary supplements, and
3 Nomi by SMRxT medication adherence devices. Nomi by
SMRxT is a smart pill bottle that monitors medication-taking
behavior in real time to collect adherence data without active
participant input (see Figure 1).

Figure 1. The Nomi pill bottle by SMRxT.
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The first 2 weeks of the study will be a baseline assessment
period. Participants will not take any melatonin or placebo
pills during this time. During baseline assessment, each study
participant will be asked to both engage in their usual methods
of managing sleep and wear their Fitbit device at all times,
including during sleep. Participants will also be asked via SMS
text messaging to rate an ecological momentary assessment
(EMA) of their fatigue, pain, concentration, stress, mood, and
confidence at 3 random times throughout the day. Each morning,
participants will answer a survey questionnaire assessing their
sleep quality from the previous night. Every other Sunday
evening, participants will complete a longer survey measure
asking them to reflect on their sleep quality over the past 2
weeks. Participants will be encouraged to wear their Fitbit
devices day and night, asked to sync their device with the Fitbit
application on their phone at least every 2 days, and asked to
charge their Fitbit device at least every 4 days.

After successfully completing the baseline period, participants
will be randomized into 2 arms with six 2-week intervention
blocks of 3 mg of melatonin, 0.5 mg of melatonin, or placebo
pills. During the intervention, participants will be discouraged
from taking additional melatonin or using other sleep treatments
outside those provided during the study. Within 3 months of
the end of the 14-week trial, each participant will be provided
with a report containing their analyzed data and asked to
complete a satisfaction survey. After the satisfaction survey is
completed, study coordinators will reach out to each participant
to interview them about their experience with the personalized
trial. Study recruitment began in April 2022, and the study
completion is anticipated to occur by June 2023.

Study Population
Participants in this study will be volunteer subjects from across
several states within the United States. This will include the
approximately 77,000 employees of the Northwell Health
System [38]. Digital recruitment of potential participants will
include email blasts and advertisements in newsletters circulated
to the Northwell Health team member population. To expand
beyond the Northwell Health system, recruitment will also target
web and social media; Facebook and Google ads for the study
will be published in users’web feeds and searches. Additionally,
web posts to communities on platforms such as Reddit,
Craigslist, and LinkedIn will also be used to appeal to
individuals with sleep issues. With 93% of US adults reporting
using the internet, 69% reporting ever using Facebook, and 18%
reporting using Reddit, use of digital recruitment methods
significantly broadens the potential span of our outreach [39].

All potential participants will be required to self-identify as
having a minimum threshold of poor sleep for at least 4 weeks
using the Insomnia Symptom Questionnaire (ISQ). Poor sleep
for this study was defined by self-reported difficulty in falling
asleep, staying asleep, and feeling refreshed by sleeping 4 to 7
times per week for a period of at least 4 weeks. Participants
must also report 1 or more sleep symptoms that bother them
“quite a bit” or “extremely.” Potential sleep symptoms on the
ISQ include disrupted work, irritability, and feeling fatigued.
An example of the ISQ measure used to assess sleep disruption
can be found in Multimedia Appendix 1. Because of the high
prevalence of poor sleep [3] and wide reach of our recruitment
methods [39], we anticipate a large pool of potential participants
from which to recruit.

Recruitment and Consent
Participants for this study will be recruited via advertising and
social media posting on Facebook, Instagram, Google, Craigslist,
LinkedIn, and Reddit. Posting and advertisement will comprise
multiple formats of information (including videos, images, and
text posts). Additional recruitment methods will include
Northwell Health team member email listserves, word of mouth,
recruitment emails to individuals who previously expressed
interest in personalized trials, and the Northwell Health Clinical
Trials Listing.

Interested individuals who respond to any of the above
recruitment methods will be directed to an digital information
screen with details about the pilot study and asked to complete
screening measures containing questions regarding study
inclusion and exclusion criteria (Textbox 1). This information
will be reviewed by study staff to determine participant
eligibility before consent. If a potential participant is deemed
ineligible or is wait-listed due to high demand, study staff will
reach out to the participant to notify them within 2 business
days. Upon completion of screening, eligible individuals will
be provided with a link to an electronic consent form and a short
video explaining details of the study protocol and consent form.
If individuals wish to speak with a staff member regarding
details of the study or consent, they will be offered a 30-minute
informational phone call with study staff to review key points
within the consent form and any questions the potential
participant has about the study. A study staff member will
confirm the scheduled time for this call with the participant
within 2 business days. After the phone call, the study staff will
send the eligible participant a message containing the electronic
consent form, the explanatory video, and a 4-question screening
measure assessing participant understanding of the protocol and
consent process.
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Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• Aged ≥18 years

• Fluent in English

• Able to take melatonin and a placebo

• Self-report of poor sleep symptoms using the Insomnia Symptom Questionnaire

• Own and can regularly access a smartphone capable of receiving SMS text messages

• Owns and can regularly access an email account

• Lives in the United States

• Agrees to adhere to lifestyle considerations including wearing a Fitbit device day and night and potentially adapting their current melatonin
routine to fit the protocol throughout the study duration

Exclusion criteria

• Aged <18 years

• Pregnant or breastfeeding

• Diagnosed with depression, seasonal affective disorder, schizophrenia, autoimmune disease, or asthma

• Take monoamine oxidase inhibitors or corticosteroids

• Diagnosed with low blood pressure

• Clinically diagnosed with a sleep disorder (eg, narcolepsy, circadian rhythm sleep-wake disorders, periodic limb movement disorder, restless leg
syndrome, obstructive sleep apnea, etc) 

• Deemed unable to complete the study protocol due to cognitive impairment, severe medical or mental illness, or active or prior substance abuse 

• Participate in shift work (evening/night shifts, early morning shifts, rotating shifts, etc) 

• Frequently travel across time zones (eg, pilots or flight attendants)

• Receive specialty mental health care for insomnia (eg, cognitive behavioral therapy for insomnia and medications for insomnia) 

• Advised by a doctor or health care provider that taking melatonin is unsafe

• Do not own or cannot regularly access a smartphone capable of receiving SMS text messages

• Do not possess or cannot regularly access an email account

• Lives outside of the United States

• Scheduled for planned surgery within 6 months from the study start date

Persons who are eligible to participate after screening and who
opt out of the educational phone call will receive a message
from study staff containing an electronic copy of the consent
form and an explanatory video. These potential participants will
also receive the same 4-question screening measure to assess
their understanding of the consent form and study protocol.

Consent will be obtained electronically. Participants will receive
a copy of the institutional review board (IRB)–approved consent
form, a copy of their signed consent form, and a copy of their
signed HIPAA (Health Insurance Portability and Accountability
Act) authorization form via an encrypted message. Signed
consent and HIPAA authorization forms will be stored
electronically on a HIPAA-compliant, Northwell
Health–approved shared drive accessible only to the
IRB-approved study staff. The example study consent form can
be found in Multimedia Appendix 2.

After consent, participants will be able to choose a study start
date during their enrollment process from a provided list of

dates. No more than 20 potential participants will begin their
baseline period on the same day. Study enrollment will continue
until 60 participants have been randomized after the baseline
assessment.

Assignment of Interventions
Each treatment was assigned a letter with A=3 mg of melatonin,
B=0.5 mg of melatonin, and C=placebo. Of those participants
who are enrolled in the study, approximately 30 will be
randomized by the study statistician to receive the protocol in
the following order of 2-week treatment periods: 3 mg of
melatonin, 0.5 mg of melatonin, placebo, placebo, 0.5 mg of
melatonin, 3 mg of melatonin (ABCCBA). Approximately 30
more participants will be randomized in the following order of
2-week treatment periods: placebo, 0.5 mg of melatonin, 3 mg
of melatonin, 3 mg of melatonin, 0.5 mg of melatonin, placebo
(CBAABC). This randomization pattern can be viewed in the
participant time line in Figure 2.
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Figure 2. Participant Timeline.

Interventions
Once a participant successfully completes baseline and is
randomized into the study, they will be mailed 3 Nomi pill
bottles (see Figure 1). Each bottle will contain 28 pills of 3 mg
of melatonin, 0.5 mg of melatonin, or placebo labeled “A,” “B,”
or “C.” The doses of 3 and 0.5 mg of melatonin were selected
to compare high and low doses of melatonin, respectively.
Previous studies have classified doses of 0.3 to 1 mg as low

doses of melatonin, which may still be effective [40]. Higher
doses of melatonin (ranging between 2 mg and 6 mg) have been
found to be effective for treating sleep disruption [41,42]. In
this study, 3 and 0.5 mg of melatonin were selected because
they are provided by the manufacturer, and color- and
size-matched placebos are available. Both the 3 and 0.5 mg of
melatonin pills are presented in the same type of capsule (ie,
same size and appearance) but with different concentrations of
melatonin. The placebo pill is an identical capsule filled with
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a glucose solution. The melatonin and placebo doses provided
for this study are prepared by Pure Encapsulations LLC, a
National Sanitation Foundation Good Manufacturing
Practices–registered laboratory that exceeds United States
Pharmacopeia standards for supplement manufacturing. This
laboratory has a 50-year history of producing products for
clinical research [43-45]. Participants will receive a treatment
schedule that indicates which pill bottle of medications is
assigned to each week of the intervention. During intervention
weeks, participants will receive nightly SMS text message
reminders an hour before their self-reported bedtime, instructing
them to take a pill from their assigned pill bottle depending on
where they are in the randomization time line. Participants will
be asked to refrain from taking additional melatonin for the
duration of the study. During all treatment periods, participants
will be asked to wear the Fitbit device 24 hours a day and answer
up to 5 survey measures sent to them via SMS text messaging
daily.

Participant Time Line
Figure 2 illustrates the participant time line.

Adherence
During the baseline period, the study team will assess participant
adherence to the protocol. Adherence will be evaluated using
the Fitbit tracker and survey completion. Participants wearing
the Fitbit for 12 or more hours per day, including at least 180
minutes of sleep time, will be defined as adherent [46,47].
During the 14 days of the baseline period, participants who do
not achieve a minimum of 80% adherence to Fitbit tracker wear
and study measures (including EMA and survey measures) will
be withdrawn from the study before randomization. Those
participants with 80% adherence or higher by the final day of
the baseline period will be randomized to the intervention phase.
To encourage adherence, participants will be provided with
short educational videos and protocol reminders via SMS text
messaging, and they will be encouraged to contact study staff
with concerns by phone, email, or secure portal message.

Participant Report
Participants who complete the intervention portion of the trial
will have generated a 15-page personalized report summarizing
their trial results and showing the impact of 3 mg of melatonin,
0.5 mg of melatonin, and placebo on their Fitbit-recorded sleep
duration. The goal of the report is to display participants’ sleep
duration averaged across each study intervention with the goal
of helping participants to select which treatment works best for
them. The participant report also presents summaries and results
for other sleep- and wellness-related outcomes that are both
Fitbit-recorded (such as sleep efficiency, average time spent in
sleep stages, and average number of steps) and self-reported
(such as daily sleep quality and EMA fatigue). This report is
not to be interpreted as medical advice. Participants are
encouraged to seek a medical professional’s opinion if they
have any questions or concerns about the data displayed in their
report. A similar version of the participant report in a series of
personalized trials for chronic lower back pain is described and
displayed in further detail elsewhere [48].

Results for the participant report are generated by comparing
the effectiveness of 3 mg of melatonin and 0.5 mg of melatonin
relative to placebo for each of the outcomes measured in the
study. The participant report contains information about the
magnitude of the difference for each outcome between each
treatment period. Participants will be provided information
about whether the difference was statistically significant (defined
as α≤.05) in generalized least-squares (GLS) regression
analyses. They will also be provided with estimates of their
adherence to the intervention, Fitbit device, and survey
measures.

After automated generation by the study data team, each
participant report will be individually reviewed for accuracy,
consistency, and comprehensibility by several study team
members before delivering the report to the participant as a
printable PDF file via a secure web portal. Personalized
participant reports will be delivered to the participants within
3 months of their intervention completion, and they will be
given the option to review their report along with a study team
member. Participants will have an opportunity to provide their
feedback on their report in the satisfaction survey and follow-up
study interview.

Patient and Public Involvement Statement
Pilot data with participants and internal use testing were used
to help determine which medication adherence device to select
for this trial. We did not directly involve participants in any
other elements of the design of this trial.

Ethics Approval
This study underwent ethics review and was approved by the
Northwell Health IRB (IRB #21-0239). All amendments to the
protocol will be submitted for approval to the ethics committee
and Northwell Health IRB.

Data Monitoring
A Data and Safety Monitoring Board (DSMB) will be assigned
to periodically assess for participant safety, scientific integrity,
and the trial’s progress. This DSMB will include 4 members
who will have varying areas of scientific expertise including
statistics and medicine. The DSMB conduct periodic reviews
of study data for accuracy, completeness, and timeliness of
submission. The study DSMB will also assess for evidence of
potential harms, including adverse treatment events and loss of
confidentiality. Following these reviews, the DSMB will be
responsible for making recommendations regarding the
continuation, modification, and termination of the project in
reports provided to the study principal investigator. Regular
collaboration between the study team and the DSMB will ensure
access to study data for monitoring and regulatory inspection.

Treatment Adverse Events
Melatonin poses a low risk of physical harm to subjects, as it
has a very low side effect profile and limited evidence of
habituation and tolerance. A 2015 review on the safety of
melatonin supplements indicated that only mild side effects
were reported in various short-term studies that involved adults,
surgical patients, and critically ill patients [49]. Some of the
mild side effects that were reported in the studies included
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headache, dizziness, nausea, and sleepiness [49]. Less common
side effects include short-lasting feelings of depression, mild
tremor, mild anxiety, abdominal cramps, irritability, reduced
alertness, confusion or disorientation, and abnormally low blood
pressure. The chances that participants could experience these
side effects during the trial are low given the duration and dosing
proposed for this research [50]. Participants document any side
effects they experience that may be related to the supplements
to the study team daily in the morning survey. Participants are
informed that they may discontinue supplement dosing at any
point during the trial.

The exclusion criteria for this study were used to prevent
participants who are at greater risk of harm from participating
in the study. Protocol adherence is monitored throughout the
trial, and participant re-education is conducted as needed.

Loss of Confidentiality or Privacy
A risk that may be incurred by participating in the trial is a loss
of privacy or confidentiality. The participant is made aware of
all the data collected and the companies and devices employed
to collect the data via the consent process. All identifying
information of participants is stored in a secure,
password-protected, Northwell Health–approved,
HIPAA-complaint database, and personal and identifying
information is not stored on any devices used in the study. Using
the devices employed in this trial as part of this study as
compared with using the devices as a consumer presents no
additional risk. Once participants complete their study
involvement, identifying information will be destroyed. All
research team members with access to identifiable and
deidentified data are trained and included on the IRB submission
for approval. Regular meetings will occur with the principal
investigator and other study team members to ensure protocol
adherence and data accuracy.

Costs
This pilot study is funded by the National Institutes for Health
(R01LM012836). All study-related equipment, devices,
procedures, melatonin, and placebo supplements will be
provided to participants at no cost, and participant insurance
will not be billed. This study uses SMS text messaging to deliver
notifications, reminders, and study questionnaires, which may
include standard message and data rates from the participants’
wireless carrier. Study participants will not be compensated for
any costs related to data usage or sending or receiving SMS text
messages by the study or by members of the study team.

Compensation
After completing all components of the study (ie, successful
completion of a research team–approved intervention period,
submission of a satisfaction survey, and returning the Nomi
devices), study participants will be mailed a US$ 100 payment
card (ClinCard). Additionally, as a thanks to study participants
for their participation, they will be allowed to keep their Fitbit
Charge 5 (a value of US$ 150.00).

Primary Outcome
The primary outcomes of this study will be feasibility as
measured by the mean usability score evaluated using the

10-item System Usability Scale (SUS) [51] and acceptability
as measured by an 18-item satisfaction survey. The SUS is a
validated questionnaire that asks users to score each item on a
Likert scale from “strongly disagree” (1) to “strongly agree”
(5) [52,53]. Individual item scores are multiplied by 2.5 and
summed to generate a total score ranging from 0 to 100, with
higher scores indicating a greater level of usability. This measure
has been used and validated in multiple contexts [52,53]. The
SUS will be presented to the participants as addressing the ease
of use, complexity, and consistency of the personalized trial
system as a whole. Satisfaction will be measured using a 6-item
satisfaction survey. The survey will assess participant
satisfaction with elements of the trial, including explanatory
resources, the Fitbit device, the personalized trial design, survey
assessment measures, and the participant report. Participants
will be asked to rate their satisfaction on a scale of 1 (“not very
satisfied”) to 5 (“very satisfied”).

The satisfaction survey will also include a 7-item series of
questions regarding the participant’s experience in the
personalized trial as a whole. Satisfaction with aspects of the
trial including the onboarding process and ease of trial adoption
will be rated on a scale of 1 (“strongly disagree”) to 5 (“strongly
agree”). Finally, satisfaction with the personalized report will
be assessed through 5 questions on a scale of 1 (“strongly
disagree”) to 5 (“strongly agree”).

Secondary Outcomes
The secondary outcomes in this study will include Fitbit
device–recorded nightly sleep duration, self-reported sleep
quality using a modified version of the Consensus Sleep Diary
(CSD), EMA self-reported fatigue ratings, EMA self-reported
pain ratings, adherence to use of the Fitbit device, and adherence
to each of the interventions (3 mg of melatonin, 0.5 mg of
melatonin, and placebo).

Nightly sleep duration and daily steps will be assessed using
non–Near Field Communication, Fitbit Charge 5 devices. During
baseline assessment (2 weeks) and all intervention weeks (12
weeks), participants will be asked to wear their Fitbit device
each day and night (for a total of 14 weeks overall). All enrolled
participants will be provided with a Fitbit device and Fitbit
account that the research team has created with no identifying
information for use in the study. A file linking the Fitbit account
identifier to the study participant will be housed in a Northwell
Health–approved drive to store protected health information. It
will be accessible solely to members of the study team listed in
the IRB application. Participant Fitbit data will be retrieved
using N1Thrive and Fitabase, both secure web portals.
Participants’ study Fitbit accounts will be linked to an
identification number in the N1Thrive and Fitabase systems.
No identifying information will be stored in the Fitabase data
set. Fitabase and N1Thrive will stop tracking participant Fitbit
data at the end of the trial. As an added security measure,
participants will be instructed to remove the Fitbit study account
from their smartphone device to keep the Fitbit.

The CSD is a daily instrument used to assess and track
intervention effects on sleep symptoms, quality, and satisfaction
[54]. Three versions of the CSD were originally put out by its
authors: the core CSD containing 9 items, an expanded morning
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version with optional additional items to be completed upon
arising, and an expanded evening version with separate morning
and evening items to be optionally completed. This study uses
a modified version of the core CSD, asking participants about
perceived sleep quality (via a Likert scale), sleep onset latency,
the time at which the participant believes sleep onset occurred,
duration of nighttime awakenings, final rise time, and a
multiple-selection question asking if any of 10 (or an optional
“other” selection) listed factors directly impacted the
participant’s sleep. The CSD will be sent to participants within
an hour of their self-reported wake time each day of the study
to assess and monitor patient-reported outcomes regarding sleep
quality throughout each intervention period of the trial. Data
observed through the CSD will be reported back to participants
via the personalized participant report.

Daily self-reported fatigue and pain ratings will be assessed via
EMA using a measure adapted from the Numeric Pain Rating
Scale [55]. These assessment measures are single-item
assessments administered 3 times daily via SMS text messaging
asking participants to rate their fatigue and pain in the current
moment on a scale of 0 to 10. The timing of the SMS text
messages will be randomized between a participant’s
self-reported wake and sleep times. For fatigue, ratings of 0
indicate no feeling of fatigue, with scores of 1 to 3, 4 to 6, 7 to
9, and 10 respectively indicating a little, somewhat, quite a bit,
and very much feeling fatigued. Interpretations of scores remain
the same for pain. EMAs are collected daily via surveys using
the secure study platform N1Thrive, a Northwell
Health–approved and HIPAA-compliant system used for patient
engagement and collecting and storing research data. A
workflow was constructed for this study to include automated
messaging pathways delivered via SMS text messaging directly
to the participant’s smartphone via the platform.

Participant adherence to the intervention and time of melatonin
or placebo use will be measured using the Nomi smart pill bottle.
The Nomi system includes a smart bottle that is designed to
look just like a typical prescription pill bottle. The bottle comes
equipped with a sensor that measures patient adherence using
weight, time, movement, and temperature. The data are then
made available to health care providers via a cellular connection
to the SMRxT cloud. Below the sensor is a light that flashes
when it recognizes that a dose has been taken, the device’s
battery is low, or the device is unable to connect to the network.
From the digital Nomi dashboard, study team members will
remotely assign treatments to patients, create treatment
schedules, and monitor medication usage. No patient information
or identifying data will be stored on the device or within the
Nomi adherence dashboard—only unique study IDs will be
used to collect data. The bottle serial number and the unique
study ID will be linked to subjects in REDCap, a secure data
management system managed only by research staff. The Nomi
system will also be integrated with the study platform to deliver
automated SMS text message reminders in cases of deviation
from assigned supplement dosing.

Exploratory Outcomes
The exploratory outcomes in this trial will include self-reported
sleep disturbance measured using the Insomnia Severity Index

(ISI), participant self-reported side effects, EMA self-reported
pain ratings, EMA self-reported mood ratings, EMA
self-reported concentration ratings, and EMA self-reported
confidence ratings. We will also measure participant adherence
to survey measures and EMA assessment measures. The ISI is
a brief patient-reported outcome insomnia instrument assessing
the severity of nighttime insomnia and related daytime
impairment [56]. It comprises 7 items, each scored using a
5-point Likert scale, which summate to a total score. Lower
ratings on the scale equate to less disturbance (0=no problem)
and higher ratings of more disturbance (4=very severe). This
overall score can function as a diagnostic of the severity of
clinically significant insomnia or subclinical sleep disturbances.
The ISI will be sent to participants as a biweekly survey every
other Sunday evening (ie, at the end of baseline and the end of
each intervention block), and it will ask them to reflect on their
sleep disturbance symptoms for the past 2 weeks (or the past
study block). This instrument will therefore be the key data
point to solicit participants’ self-reported sleep disturbance on
a retrospective basis for an intervention period as a whole. ISI
data will be reported back to the participants in the participant
report.

Patient self-reported side effects will be assessed daily using a
survey measure. EMA measures of stress, mood, confidence,
and concentration will be assessed in using single-item
assessments administered 3 times daily via SMS text messaging
asking participants to rate how they feel in the current moment
on a scale of 0 to 10. Delivery and assessment of these measures
will be identical to the methods used for EMA fatigue and pain
described above. Participant adherence to survey measures
(including the sleep diary and ISI) and EMA check-in measures
will also be tracked.

Results

Recruitment Status
As of the submission of this protocol, recruitment for this pilot
is approximately 78.3% (47/60). We expect recruitment and
data collection to be finalized by June of 2023.

Sample Size Calculation
The sample size of 60 participants was chosen to ensure a
sufficient number to obtain a preliminary assessment of the
feasibility of this series of personalized trials of melatonin
therapy for sleep. The feasibility for this study is determined
using scores from the SUS, which is administered at the
completion of the trial. With 60 participants receiving the
intervention and use of a single sample binomial test with α set
to 2.5% significance, we will have approximately 90% power
if 70% of participants complete the trial. With 60 randomized
participants—and an expected trial completion rate of 70%—we
anticipate SUS data to be available in approximately 42
participants, thus giving a standard error no greater than 8% in
estimating the rate of SUS ≥85, an exceptional level of usability
[57]. Individual participant responses will be reported so that
individual-level heterogeneity can be assessed and evaluated
[58].
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Primary Analysis
The primary analysis will be based on usability ratings submitted
by all enrolled participants (n=60) on the SUS. These usability
ratings will be summarized using descriptive statistics including
means, medians, SDs, and IQRs and visualized via a histogram.
If the trial receives a score of 70 or greater, it will be judged to
have “acceptable” levels of feasibility, whereas scores of 80 or
greater are interpreted as “excellent” [57]. The SUS has been
used and validated for use in multiple programs and trials
[52,53].

We will also analyze participant self-reported levels of
satisfaction. Self-reported satisfaction levels will be reported
for each component of the trial (eg, interventions and design)
using means and SDs. Participant responses to each satisfaction
item will also be depicted graphically to show the distribution
of participant responses from “not very satisfied” to “very
satisfied.” This satisfaction measure has previously been used
to evaluate acceptability of personalized trials [47].

Secondary Analyses
Means and SDs for Fitbit device–recorded nightly sleep
duration, self-reported sleep quality using a modified version
of the CSD, EMA self-reported fatigue ratings, and EMA
self-reported pain ratings will be reported for the baseline
assessment period (2 weeks) and each intervention period (6
blocks of 2 weeks) and depicted graphically. Proportion of days
adherent to the Fitbit device and adherence to the intervention
will be reported using mean proportions and SDs for the study
overall. We will also calculate mean and SD values for each
secondary outcome across intervention periods for 3 mg, 0.5
mg, and placebo. For example, we will sum all outcome
measures for both the 2-week intervention periods to derive an
overall mean value for the 3 mg melatonin period. The same
process will be followed for the 0.5 mg melatonin and placebo
periods. As the timing of melatonin doses may influence the
effect of melatonin on sleep [59-61], the time of dose relative
to sleep onset will be examined in sensitivity analyses.

Finally, the effects of each intervention (3 mg of melatonin, 0.5
mg of melatonin, and placebo) on the secondary outcomes will
be examined using generalized linear mixed models with an
autoregressive, AR(1), model. This model accounts for possible
autocorrelation and linear trends between fatigue ratings across
time. We will consider week as a linear term and factor in the
mixed model to explore the nonlinear time effects of each
treatment. This will generate estimates of each intervention on
each of the secondary outcomes for the overall sample. In
addition, we will conduct analyses to evaluate the effects of
each intervention on the secondary outcomes at the level of the
individual participant. Using GLS analyses with an AR(1)
model, we will be able to generate estimates of the effect for
each intervention for each participant for each of the secondary
outcomes. This level of individual-level analyses is essential
for personalized trials.

Exploratory Analyses
Exploratory outcome measures, including ISI, participant
self-reported side effects, EMA self-reported pain ratings, EMA
self-reported mood ratings, EMA self-reported concentration

ratings, and EMA self-reported confidence ratings, will be
reported using means and SDs overall and by the study period.
Similar to analyses of secondary outcomes, the effects of each
intervention on the exploratory outcomes will be evaluated with
generalized linear mixed model analyses using autoregressive
models in the overall sample and with GLS analyses using
autoregressive models with individual participants. Exploratory
adherence measures (adherence to surveys and EMA measures)
will be represented using proportions for the overall study and
by the study period. Comparisons between the 2 treatment orders
(ABCCBA and CBAABC) will also be conducted to identify
potential confounding effects due to treatment order.

Discussion

This study represents an advancement in the process of
developing feasible, acceptable, and effective personalized
interventions for a variety of health conditions. Widespread use
of personalized N-of-1 designs has been hampered by difficulties
in the feasibility of creating them, with many researchers and
clinicians feeling that personalized N-of-1 trials are not the
worth the effort needed to conduct them [62]. In assessing the
feasibility and acceptability of our developing personalized
N-of-1 platform, which has been previously implemented to
treat chronic lower back pain [47] and fatigue [46], we hope to
continue refining a programmatic template for using
personalized N-of-1 designs for other health conditions and
other interventions. Further, we hope the use of digital
enrollment, consent, intervention delivery, and outcome
assessment will make personalized N-of-1 trials more feasible
in research and clinical practice.

Potential limitations for the current trial include potential issues
with representativeness of the participant sample and with doses
of melatonin selected in the trial. Although our recruitment
efforts are directed to identify a diverse sample for enrollment
in the current trial, inaccurate sampling of participants with
disrupted sleep is possible. For example, using digital
recruitment methods may oversample individuals who have
disrupted sleep due to excess internet usage time or exposure
to blue light. For evaluations of effectiveness, this is not a
concern since the goal of a personalized N-of-1 trial is to assess
treatment effectiveness in each individual participant. However,
the primary goal of this trial is to evaluate the feasibility and
acceptability of personalized trials for poor sleep. Failing to
recruit a representative sample of participants with poor sleep
may limit our conclusions regarding the feasibility and
acceptability of personalized N-of-1 trials of melatonin for sleep.
In addition, individual participants may respond more optimally
to other doses of melatonin than those examined in the current
trial (namely 0.5 and 3 mg). Although these doses are
representative of lower and higher doses of melatonin used in
previous sleep interventions, assuming that some individuals
may respond optimally to higher doses of melatonin (eg, 6 mg)
or to doses not examined in the current trial (eg, 1 mg) is
reasonable. In addition, some research suggests that depending
on how melatonin supplements are prepared, the dose within
each supplement may also vary [63]. Further, it is possible that
dose duration may influence findings, as longer duration
melatonin treatments have been associated with increased sleep
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duration [25]. For example, a participant may have responded
better to a longer duration (eg, a 4-week block of melatonin
rather than a 2-week block). However, the current goal of this
trial is to identify the feasibility and acceptability of personalized
N-of-1 designs rather than to select the ideal treatment for each
individual participant. Another potential limitation for the
current trial is the lack of information about participants’
habitual melatonin levels before beginning the trial. Prior
research suggests that individuals with lower endogenous
melatonin secretion may benefit more from receiving melatonin
replacement [64]. Therefore, the cause of participants’
self-reported poor sleep may not be influenced by melatonin.

Despite these potential limitations, this trial represents a
significant step forward in the design of digital, remote,
personalized trials. If it is found to be feasible and acceptable
among individuals dealing with poor sleep, revision of the
design of the intervention to evaluate alternative formulations
of the current treatment (such as longer dose durations or
different strength doses of melatonin) or multiple alternative
treatments (such as behavioral interventions for sleep hygiene
and exercise) in comparison to melatonin is possible. Further,
if these personalized trials are found to be feasible as prior series
of trials have been [47], we will be able adapt the platform used
in this intervention for other health conditions and hopefully
integrate personalized N-of-1 trials into clinical practice.

Acknowledgments
We are grateful for the contributions and support of the Northwell Health System, Pure Encapsulations, and Nomi by SMRxT
for providing the investigators with the support and tools for the development and implementation of this trial. This work was
supported by the National Library of Medicine of the National Institutes of Health (grant R01LM012836). The funders had no
role in the design and conduct of the study; collection, management, analysis, and interpretation of the data; preparation, review,
or approval of the manuscript; or decision to submit the manuscript for publication. The views expressed in this paper are those
of the authors and do not represent the views of the National Institutes of Health, the US Department of Health and Human
Services, or any other government entity.

Data Availability
Data archives containing the raw study data and data dictionaries for this study are available on the Open Science Framework
platform [65].

Dissemination
The trial results will be published in a peer-reviewed journal. All publications resulting from this series of personalized trials will
follow the CONSORT extension for N-of-1 trials (CENT 2015) reporting guidelines [66]. Trial results will be reported to study
collaborators and participants after study completion.

Authors' Contributions
KWD, SD, AS, and Y-KC contributed to the development of the trial idea. KWD, SD, AP, JR, DM, and Y-KC contributed to
the development of the trial protocol. MJB drafted the manuscript and all authors contributed to its revision and gave final approval.
TC and Y-KC provided statistical expertise.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Insomnia Symptom Questionnaire.
[DOCX File , 36 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Study Consent Form.
[DOCX File , 79 KB-Multimedia Appendix 2]

References

1. Buysse DJ. Sleep health: can we define it? Does it matter? Sleep 2014;37(1):9-17 [FREE Full text] [doi: 10.5665/sleep.3298]
[Medline: 24470692]

2. Hisler GC, Muranovic D, Krizan Z. Changes in sleep difficulties among the U.S. population from 2013 to 2017: results
from the National Health Interview Survey. Sleep Health 2019;5(6):615-620 [FREE Full text] [doi:
10.1016/j.sleh.2019.08.008] [Medline: 31685440]

3. Yong LC, Li J, Calvert GM. Sleep-related problems in the US working population: prevalence and association with shiftwork
status. Occup Environ Med 2017;74(2):93-104 [FREE Full text] [doi: 10.1136/oemed-2016-103638] [Medline: 27609325]

JMIR Res Protoc 2023 | vol. 12 | e45313 | p. 11https://www.researchprotocols.org/2023/1/e45313
(page number not for citation purposes)

Butler et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=resprot_v12i1e45313_app1.docx&filename=aa79c868c3d83ff7989af1ac131ede38.docx
https://jmir.org/api/download?alt_name=resprot_v12i1e45313_app1.docx&filename=aa79c868c3d83ff7989af1ac131ede38.docx
https://jmir.org/api/download?alt_name=resprot_v12i1e45313_app2.docx&filename=790026ed0f1ea26e701965b2757090d6.docx
https://jmir.org/api/download?alt_name=resprot_v12i1e45313_app2.docx&filename=790026ed0f1ea26e701965b2757090d6.docx
https://europepmc.org/abstract/MED/24470692
http://dx.doi.org/10.5665/sleep.3298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24470692&dopt=Abstract
https://www.sciencedirect.com/science/article/abs/pii/S2352721819301834?via%3Dihub
http://dx.doi.org/10.1016/j.sleh.2019.08.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31685440&dopt=Abstract
https://oem.bmj.com/content/74/2/93
http://dx.doi.org/10.1136/oemed-2016-103638
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27609325&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


4. Medic G, Wille M, Hemels M. Short- and long-term health consequences of sleep disruption. Nat Sci Sleep 2017;9:151-161
[FREE Full text] [doi: 10.2147/NSS.S134864] [Medline: 28579842]

5. Rahe C, Czira ME, Teismann H, Berger K. Associations between poor sleep quality and different measures of obesity.
Sleep Med 2015;16(10):1225-1228 [FREE Full text] [doi: 10.1016/j.sleep.2015.05.023] [Medline: 26429750]

6. Lou P, Chen P, Zhang L, Zhang P, Yu J, Zhang N, et al. Relation of sleep quality and sleep duration to type 2 diabetes: a
population-based cross-sectional survey. BMJ Open 2012;2(4):e000956 [FREE Full text] [doi:
10.1136/bmjopen-2012-000956] [Medline: 22872722]

7. Malhotra A, Loscalzo J. Sleep and cardiovascular disease: an overview. Prog Cardiovasc Dis 2009;51(4):279-284 [FREE
Full text] [doi: 10.1016/j.pcad.2008.10.004] [Medline: 19110129]

8. Hafner M, Stepanek M, Taylor J, Troxel WM, van Stolk C. Why sleep matters—the economic costs of insufficient sleep:
a cross-country comparative analysis. Rand Health Q 2017;6(4):11 [FREE Full text] [Medline: 28983434]

9. Lee S, Kim JH, Chung JH. The association between sleep quality and quality of life: a population-based study. Sleep Med
2021;84:121-126 [FREE Full text] [doi: 10.1016/j.sleep.2021.05.022] [Medline: 34147026]

10. Fernandez-Mendoza J, Vgontzas AN, Bixler EO, Singareddy R, Shaffer ML, Calhoun SL, et al. Clinical and
polysomnographic predictors of the natural history of poor sleep in the general population. Sleep 2012;35(5):689-697
[FREE Full text] [doi: 10.5665/sleep.1832] [Medline: 22547895]

11. Ram S, Seirawan H, Kumar SKS, Clark GT. Prevalence and impact of sleep disorders and sleep habits in the United States.
Sleep Breath 2010 Feb;14(1):63-70 [doi: 10.1007/s11325-009-0281-3] [Medline: 19629554]

12. Derby L, Kronish IM, Wood D, Cheung YKK, Cohn E, Duan N, et al. Using a multistakeholder collaboratory and patient
surveys to inform the conduct of personalized (N-of-1) trials. Health Psychol 2021;40(4):230-241 [doi: 10.1037/hea0001058]
[Medline: 33856830]

13. Morgenthaler TI, Lee-Chiong T, Alessi C, Friedman L, Aurora RN, Boehlecke B, Standards of Practice Committee of the
American Academy of Sleep Medicine. Practice parameters for the clinical evaluation and treatment of circadian rhythm
sleep disorders: an American Academy of Sleep Medicine report. Sleep 2007;30(11):1445-1459 [FREE Full text] [doi:
10.1093/sleep/30.11.1445] [Medline: 18041479]

14. Morin AK, Jarvis CI, Lynch AM. Therapeutic options for sleep-maintenance and sleep-onset insomnia. Pharmacotherapy
2007;27(1):89-110 [doi: 10.1592/phco.27.1.89] [Medline: 17192164]

15. Meng X, Li Y, Li S, Zhou Y, Gan RY, Xu DP, et al. Dietary sources and bioactivities of melatonin. Nutrients 2017;9(4):367
[FREE Full text] [doi: 10.3390/nu9040367] [Medline: 28387721]

16. Questions and answers on dietary supplements. Food and Drug Administration. 2019. URL: https://www.fda.gov/food/
information-consumers-using-dietary-supplements/questions-and-answers-dietary-supplements [accessed 2023-06-16]

17. Tseti I. Melatonin as a food supplement for sleep disorders. In: Melatonin: The Hormone of Darkness and Its Therapeutic
Potential and Perspectives. London: IntechOpen; 2020.

18. Brzezinski A. Melatonin in humans. N Engl J Med 1997;336(3):186-195 [doi: 10.1056/nejm199701163360306]
19. Andersen LPH, Werner MU, Rosenberg J, Gögenur I. A systematic review of peri-operative melatonin. Anaesthesia

2014;69(10):1163-1171 [FREE Full text] [doi: 10.1111/anae.12717] [Medline: 24835540]
20. Bourne RS, Mills GH, Minelli C. Melatonin therapy to improve nocturnal sleep in critically ill patients: encouraging results

from a small randomised controlled trial. Crit Care 2008;12(2):R52 [FREE Full text] [doi: 10.1186/cc6871] [Medline:
18423009]

21. Hastings MH, Maywood ES, Brancaccio M. Generation of circadian rhythms in the suprachiasmatic nucleus. Nat Rev
Neurosci 2018;19(8):453-469 [doi: 10.1038/s41583-018-0026-z] [Medline: 29934559]

22. Altun A, Ugur-Altun B. Melatonin: therapeutic and clinical utilization. Int J Clin Pract 2007;61(5):835-845 [doi:
10.1111/j.1742-1241.2006.01191.x] [Medline: 17298593]

23. Pandi-Perumal SR, Srinivasan V, Spence DW, Cardinali DP. Role of the melatonin system in the control of sleep: therapeutic
implications. CNS Drugs 2007;21(12):995-1018 [FREE Full text] [doi: 10.2165/00023210-200721120-00004] [Medline:
18020480]

24. Costello RB, Lentino CV, Boyd CC, O'Connell ML, Crawford CC, Sprengel ML, et al. The effectiveness of melatonin for
promoting healthy sleep: a rapid evidence assessment of the literature. Nutr J 2014;13:106 [FREE Full text] [doi:
10.1186/1475-2891-13-106] [Medline: 25380732]

25. Ferracioli-Oda E, Qawasmi A, Bloch MH. Meta-analysis: melatonin for the treatment of primary sleep disorders. PLoS
One 2013;8(5):e63773 [FREE Full text] [doi: 10.1371/journal.pone.0063773] [Medline: 23691095]

26. Brzezinski A, Vangel MG, Wurtman RJ, Norrie G, Zhdanova I, Ben-Shushan A, et al. Effects of exogenous melatonin on
sleep: a meta-analysis. Sleep Med Rev 2005;9(1):41-50 [FREE Full text] [doi: 10.1016/j.smrv.2004.06.004] [Medline:
15649737]

27. Fatemeh G, Sajjad M, Niloufar R, Neda S, Leila S, Khadijeh M. Effect of melatonin supplementation on sleep quality: a
systematic review and meta-analysis of randomized controlled trials. J Neurol 2022;269(1):205-216 [FREE Full text] [doi:
10.1007/s00415-020-10381-w] [Medline: 33417003]

JMIR Res Protoc 2023 | vol. 12 | e45313 | p. 12https://www.researchprotocols.org/2023/1/e45313
(page number not for citation purposes)

Butler et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://europepmc.org/abstract/MED/28579842
http://dx.doi.org/10.2147/NSS.S134864
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28579842&dopt=Abstract
https://www.sciencedirect.com/science/article/abs/pii/S1389945715008485?via%3Dihub
http://dx.doi.org/10.1016/j.sleep.2015.05.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26429750&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=22872722
http://dx.doi.org/10.1136/bmjopen-2012-000956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22872722&dopt=Abstract
https://europepmc.org/abstract/MED/19110129
https://europepmc.org/abstract/MED/19110129
http://dx.doi.org/10.1016/j.pcad.2008.10.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19110129&dopt=Abstract
https://europepmc.org/abstract/MED/28983434
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28983434&dopt=Abstract
https://www.sciencedirect.com/science/article/abs/pii/S1389945721003014?via%3Dihub
http://dx.doi.org/10.1016/j.sleep.2021.05.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34147026&dopt=Abstract
https://europepmc.org/abstract/MED/22547895
http://dx.doi.org/10.5665/sleep.1832
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22547895&dopt=Abstract
http://dx.doi.org/10.1007/s11325-009-0281-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19629554&dopt=Abstract
http://dx.doi.org/10.1037/hea0001058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33856830&dopt=Abstract
https://europepmc.org/abstract/MED/18041479
http://dx.doi.org/10.1093/sleep/30.11.1445
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18041479&dopt=Abstract
http://dx.doi.org/10.1592/phco.27.1.89
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17192164&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu9040367
http://dx.doi.org/10.3390/nu9040367
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28387721&dopt=Abstract
https://www.fda.gov/food/information-consumers-using-dietary-supplements/questions-and-answers-dietary-supplements
https://www.fda.gov/food/information-consumers-using-dietary-supplements/questions-and-answers-dietary-supplements
http://dx.doi.org/10.1056/nejm199701163360306
https://onlinelibrary.wiley.com/doi/10.1111/anae.12717
http://dx.doi.org/10.1111/anae.12717
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24835540&dopt=Abstract
https://ccforum.biomedcentral.com/articles/10.1186/cc6871
http://dx.doi.org/10.1186/cc6871
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18423009&dopt=Abstract
http://dx.doi.org/10.1038/s41583-018-0026-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29934559&dopt=Abstract
http://dx.doi.org/10.1111/j.1742-1241.2006.01191.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17298593&dopt=Abstract
https://link.springer.com/article/10.2165/00023210-200721120-00004
http://dx.doi.org/10.2165/00023210-200721120-00004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18020480&dopt=Abstract
https://nutritionj.biomedcentral.com/articles/10.1186/1475-2891-13-106
http://dx.doi.org/10.1186/1475-2891-13-106
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25380732&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0063773
http://dx.doi.org/10.1371/journal.pone.0063773
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23691095&dopt=Abstract
https://www.sciencedirect.com/science/article/abs/pii/S1087079204000607?via%3Dihub
http://dx.doi.org/10.1016/j.smrv.2004.06.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15649737&dopt=Abstract
https://link.springer.com/article/10.1007/s00415-020-10381-w
http://dx.doi.org/10.1007/s00415-020-10381-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33417003&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


28. Salanitro M, Wrigley T, Ghabra H, de Haan E, Hill CM, Solmi M, et al. Efficacy on sleep parameters and tolerability of
melatonin in individuals with sleep or mental disorders: a systematic review and meta-analysis. Neurosci Biobehav Rev
2022;139:104723 [FREE Full text] [doi: 10.1016/j.neubiorev.2022.104723] [Medline: 35691474]

29. Suls J, Alfano C, Yap C. Personalized (N-of-1) trials for patient-centered treatments of multimorbidity. Harvard Data
Science Review. 2022. URL: https://repository.icr.ac.uk/bitstream/handle/internal/5596/
ynjjhteucyqmmed02g30fc0cz536mcuc.pdf?sequence=2 [accessed 2023-06-16]

30. Davidson KW, Silverstein M, Cheung K, Paluch RA, Epstein LH. Experimental designs to optimize treatments for individuals:
personalized n-of-1 trials. JAMA Pediatr 2021;175(4):404-409 [FREE Full text] [doi: 10.1001/jamapediatrics.2020.5801]
[Medline: 33587109]

31. Guyatt G. N of 1 randomized trials: a commentary. J Clin Epidemiol 2016;76:4-5 [doi: 10.1016/j.jclinepi.2015.09.020]
[Medline: 27063206]

32. Guyatt GH, Keller JL, Jaeschke R, Rosenbloom D, Adachi JD, Newhouse MT. The n-of-1 randomized controlled trial:
clinical usefulness. Our three-year experience. Ann Intern Med 1990;112(4):293-299 [doi: 10.7326/0003-4819-112-4-293]
[Medline: 2297206]

33. Duan N, Kravitz RL, Schmid CH. Single-patient (n-of-1) trials: a pragmatic clinical decision methodology for patient-centered
comparative effectiveness research. J Clin Epidemiol 2013;66(8 Suppl):S21-S28 [FREE Full text] [doi:
10.1016/j.jclinepi.2013.04.006] [Medline: 23849149]

34. Gabler NB, Duan N, Vohra S, Kravitz RL. N-of-1 trials in the medical literature: a systematic review. Med Care
2011;49(8):761-768 [FREE Full text] [doi: 10.1097/MLR.0b013e318215d90d] [Medline: 21478771]

35. Task Force for the Development of Practice Recommendations for the Provision of Humanistic Psychosocial Services.
Recommended principles and practices for the provision of humanistic psychosocial services: alternative to mandated
practice and treatment guidelines. Humanist Psychol 2004;32(1):3-75 [doi: 10.1080/08873267.2004.9961745]

36. Kravitz RL, Duan N, Niedzinski EJ, Hay MC, Subramanian SK, Weisner TS. What ever happened to N-of-1 trials? Insiders'
perspectives and a look to the future. Milbank Q 2008;86(4):533-555 [FREE Full text] [doi:
10.1111/j.1468-0009.2008.00533.x] [Medline: 19120979]

37. Onken LS. History and evolution of the NIH stage model. In: Dimidjian S, editor. Evidence-Based Practice in Action:
Bridging Clinical Science and Intervention. New York, NY: Guilford Publications; 2019:28-42

38. About Northwell. Northwell Health. 2022. URL: https://www.northwell.edu/
about-northwell#:~:text=At%20Northwell%20Health%2C%20our%2078%2C000,of%20health%20care%20for%20all
[accessed 2023-06-16]

39. Internet/broadband fact sheet. Pew Research Center. 2021. URL: https://www.pewresearch.org/internet/fact-sheet/
internet-broadband/ [accessed 2023-06-16]

40. Zhdanova IV, Wurtman RJ, Lynch HJ, Ives JR, Dollins AB, Morabito C, et al. Sleep-inducing effects of low doses of
melatonin ingested in the evening. Clin Pharmacol Ther 1995;57(5):552-558 [doi: 10.1016/0009-9236(95)90040-3] [Medline:
7768078]

41. Cardinali DP, Srinivasan V, Brzezinski A, Brown GM. Melatonin and its analogs in insomnia and depression. J Pineal Res
2012;52(4):365-375 [FREE Full text] [doi: 10.1111/j.1600-079X.2011.00962.x] [Medline: 21951153]

42. Mendelson W. A critical evaluation of the hypnotic efficacy of melatonin. Sleep 1997;20(10):916-919 [FREE Full text]
[doi: 10.1093/sleep/20.10.916] [Medline: 9415955]

43. Nishihara T, Hashimoto S, Ito K, Nakaoka Y, Matsumoto K, Hosoi Y, et al. Oral melatonin supplementation improves
oocyte and embryo quality in women undergoing in vitro fertilization-embryo transfer. Gynecol Endocrinol
2014;30(5):359-362 [FREE Full text] [doi: 10.3109/09513590.2013.879856]

44. Epstein LJ, Cai A, Klerman EB, Czeisler CA. Resolving delayed sleep-wake phase disorder with a pandemic: two case
reports. J Clin Sleep Med 2022;18(1):315-318 [FREE Full text] [doi: 10.5664/jcsm.9526] [Medline: 34254935]

45. Sletten TL, Magee M, Murray JM, Gordon CJ, Lovato N, Kennaway DJ, Delayed Sleep on Melatonin (DelSoM) Study
Group. Efficacy of melatonin with behavioural sleep-wake scheduling for delayed sleep-wake phase disorder: a double-blind,
randomised clinical trial. PLoS Med 2018;15(6):e1002587 [FREE Full text] [doi: 10.1371/journal.pmed.1002587] [Medline:
29912983]

46. Butler M, D'Angelo S, Lewis C, Miller D, Perrin A, Suls J, et al. Series of virtual light therapy interventions for fatigue: a
feasibility pilot study protocol for a series of personalised (N-of-1) trials. BMJ Open 2022;12(10):e055518 [FREE Full
text] [doi: 10.1136/bmjopen-2021-055518] [Medline: 36283748]

47. Butler M, D’Angelo D, Kaplan M, Tashnim Z, Miller D, Ahn H, et al. A series of virtual interventions for chronic lower
back pain: a feasibility pilot study for a series of personalized (N-of-1) trials. Harv Data Sci Rev 2022 [doi:
10.1162/99608f92.72cd8432]

48. D'Angelo SA, Miller D, Monane R, Butler M. personalized feedback for personalized trials: construction of summary
reports for participants in a series of personalized trials for chronic lower back pain. Harv Data Sci Rev 2022 [doi:
10.1162/99608f92.d5b57784]

49. Andersen LPH, Gögenur I, Rosenberg J, Reiter RJ. The safety of melatonin in humans. Clin Drug Investig 2016;36(3):169-175
[doi: 10.1007/s40261-015-0368-5] [Medline: 26692007]

JMIR Res Protoc 2023 | vol. 12 | e45313 | p. 13https://www.researchprotocols.org/2023/1/e45313
(page number not for citation purposes)

Butler et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://linkinghub.elsevier.com/retrieve/pii/S0149-7634(22)00212-3
http://dx.doi.org/10.1016/j.neubiorev.2022.104723
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35691474&dopt=Abstract
https://repository.icr.ac.uk/bitstream/handle/internal/5596/ynjjhteucyqmmed02g30fc0cz536mcuc.pdf?sequence=2
https://repository.icr.ac.uk/bitstream/handle/internal/5596/ynjjhteucyqmmed02g30fc0cz536mcuc.pdf?sequence=2
https://europepmc.org/abstract/MED/33587109
http://dx.doi.org/10.1001/jamapediatrics.2020.5801
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33587109&dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2015.09.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27063206&dopt=Abstract
http://dx.doi.org/10.7326/0003-4819-112-4-293
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2297206&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0895-4356(13)00156-X
http://dx.doi.org/10.1016/j.jclinepi.2013.04.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23849149&dopt=Abstract
https://journals.lww.com/lww-medicalcare/Abstract/2011/08000/N_of_1_Trials_in_the_Medical_Literature__A.11.aspx
http://dx.doi.org/10.1097/MLR.0b013e318215d90d
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21478771&dopt=Abstract
http://dx.doi.org/10.1080/08873267.2004.9961745
https://europepmc.org/abstract/MED/19120979
http://dx.doi.org/10.1111/j.1468-0009.2008.00533.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19120979&dopt=Abstract
https://www.northwell.edu/about-northwell#:~:text=At%20Northwell%20Health%2C%20our%2078%2C000,of%20health%20care%20for%20all
https://www.northwell.edu/about-northwell#:~:text=At%20Northwell%20Health%2C%20our%2078%2C000,of%20health%20care%20for%20all
https://www.pewresearch.org/internet/fact-sheet/internet-broadband/
https://www.pewresearch.org/internet/fact-sheet/internet-broadband/
http://dx.doi.org/10.1016/0009-9236(95)90040-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7768078&dopt=Abstract
https://core.ac.uk/reader/32624258?utm_source=linkout
http://dx.doi.org/10.1111/j.1600-079X.2011.00962.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21951153&dopt=Abstract
https://academic.oup.com/sleep/article/20/10/916/2726017?login=false
http://dx.doi.org/10.1093/sleep/20.10.916
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9415955&dopt=Abstract
https://www.tandfonline.com/doi/abs/10.3109/09513590.2013.879856?journalCode=igye20
http://dx.doi.org/10.3109/09513590.2013.879856
https://europepmc.org/abstract/MED/34254935
http://dx.doi.org/10.5664/jcsm.9526
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34254935&dopt=Abstract
https://dx.plos.org/10.1371/journal.pmed.1002587
http://dx.doi.org/10.1371/journal.pmed.1002587
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29912983&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=36283748
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=36283748
http://dx.doi.org/10.1136/bmjopen-2021-055518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36283748&dopt=Abstract
http://dx.doi.org/10.1162/99608f92.72cd8432
http://dx.doi.org/10.1162/99608f92.d5b57784
http://dx.doi.org/10.1007/s40261-015-0368-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26692007&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


50. Schrire ZM, Phillips CL, Chapman JL, Duffy SL, Wong G, D'Rozario AL, et al. Safety of higher doses of melatonin in
adults: a systematic review and meta-analysis. J Pineal Res 2022 Mar;72(2):e12782 [doi: 10.1111/jpi.12782] [Medline:
34923676]

51. Brooke J. SUS: a 'quick and dirty' usability scale. In: Jordan PW, editor. Usability Evaluation in Industry. London: Taylor
& Francis; 1996:189-194

52. Brooke J. SUS: a retrospective. J Usability Stud 2013;8(2):29-40
53. Lewis JR. The system usability scale: past, present, and future. Int J Hum Comput Int 2018;34(7):577-590 [doi:

10.1080/10447318.2018.1455307]
54. Carney CE, Buysse DJ, Ancoli-Israel S, Edinger JD, Krystal AD, Lichstein KL, et al. The consensus sleep diary: standardizing

prospective sleep self-monitoring. Sleep 2012;35(2):287-302 [FREE Full text] [doi: 10.5665/sleep.1642] [Medline: 22294820]
55. Jensen MP, Turner JA, Romano JM, Fisher LD. Comparative reliability and validity of chronic pain intensity measures.

Pain 1999;83(2):157-162 [FREE Full text] [doi: 10.1016/s0304-3959(99)00101-3] [Medline: 10534586]
56. Dieperink KB, Elnegaard CM, Winther B, Lohman A, Zerlang I, Möller S, et al. Preliminary validation of the insomnia

severity index in Danish outpatients with a medical condition. J Patient Rep Outcomes 2020;4(1):18 [FREE Full text] [doi:
10.1186/s41687-020-0182-6] [Medline: 32124114]

57. Bangor A, Kortum PT, Miller JT. An empirical evaluation of the system usability scale. Int J Hum-Comput Int
2008;24(6):574-594 [doi: 10.1080/10447310802205776]

58. Raman G, Balk EM, Lai L, Shi J, Chan J, Lutz JS, et al. Evaluation of person-level heterogeneity of treatment effects in
published multiperson N-of-1 studies: systematic review and reanalysis. BMJ Open 2018;8(5):e017641 [FREE Full text]
[doi: 10.1136/bmjopen-2017-017641] [Medline: 29804057]

59. Herxheimer A, Petrie KJ. Melatonin for the prevention and treatment of jet lag. Cochrane Database Syst Rev 2002:CD001520
[doi: 10.1002/14651858.CD001520] [Medline: 12076414]

60. Guardiola-Lemaître B. Toxicology of melatonin. J Biol Rhythms 1997 Dec;12(6):697-706 [doi:
10.1177/074873049701200627] [Medline: 9406047]

61. Zhdanova IV, Wurtman RJ, Morabito C, Piotrovska VR, Lynch HJ. Effects of low oral doses of melatonin, given 2-4 hours
before habitual bedtime, on sleep in normal young humans. Sleep 1996 Jun;19(5):423-431 [doi: 10.1093/sleep/19.5.423]
[Medline: 8843534]

62. Kwasnicka D, Inauen J, Nieuwenboom W, Nurmi J, Schneider A, Short CE, et al. Challenges and solutions for N-of-1
design studies in health psychology. Health Psychol Rev 2019;13(2):163-178 [FREE Full text] [doi:
10.1080/17437199.2018.1564627] [Medline: 30626274]

63. Erland LAE, Saxena PK. Melatonin natural health products and supplements: presence of serotonin and significant variability
of melatonin content. J Clin Sleep Med 2017 Feb 15;13(2):275-281 [FREE Full text] [doi: 10.5664/jcsm.6462] [Medline:
27855744]

64. Leger D, Laudon M, Zisapel N. Nocturnal 6-sulfatoxymelatonin excretion in insomnia and its relation to the response to
melatonin replacement therapy. Am J Med 2004;116(2):91-95 [FREE Full text] [doi: 10.1016/j.amjmed.2003.07.017]
[Medline: 14715322]

65. Davidson K, D’Angelo S, Miller D. Personalized trial to improve sleep quality. OSF. 2022. URL: https://osf.io/sk59n/
[accessed 2023-07-11]

66. Shamseer L, Sampson M, Bukutu C, Schmid CH, Nikles J, Tate R, CENT Group. CONSORT extension for reporting
N-of-1 trials (CENT) 2015: explanation and elaboration. BMJ 2015;350:h1793 [FREE Full text] [doi: 10.1136/bmj.h1793]
[Medline: 25976162]

Abbreviations
CSD: Consensus Sleep Diary
DSMB: Data and Safety Monitoring Board
EMA: ecological momentary assessment
GLS: generalized least squares
HIPAA: Health Insurance Portability and Accountability Act
IRB: institutional review board
ISI: Insomnia Severity Index
ISQ: Insomnia Symptom Questionnaire
SCN: suprachiasmatic nucleus
SUS: System Usability Scale

JMIR Res Protoc 2023 | vol. 12 | e45313 | p. 14https://www.researchprotocols.org/2023/1/e45313
(page number not for citation purposes)

Butler et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1111/jpi.12782
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34923676&dopt=Abstract
http://dx.doi.org/10.1080/10447318.2018.1455307
https://europepmc.org/abstract/MED/22294820
http://dx.doi.org/10.5665/sleep.1642
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22294820&dopt=Abstract
https://pubmed.ncbi.nlm.nih.gov/10534586/
http://dx.doi.org/10.1016/s0304-3959(99)00101-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10534586&dopt=Abstract
https://doi.org/10.1186/s41687-020-0182-6
http://dx.doi.org/10.1186/s41687-020-0182-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32124114&dopt=Abstract
http://dx.doi.org/10.1080/10447310802205776
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=29804057
http://dx.doi.org/10.1136/bmjopen-2017-017641
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29804057&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD001520
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12076414&dopt=Abstract
http://dx.doi.org/10.1177/074873049701200627
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9406047&dopt=Abstract
http://dx.doi.org/10.1093/sleep/19.5.423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8843534&dopt=Abstract
https://boris.unibe.ch/id/eprint/134469
http://dx.doi.org/10.1080/17437199.2018.1564627
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30626274&dopt=Abstract
https://europepmc.org/abstract/MED/27855744
http://dx.doi.org/10.5664/jcsm.6462
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27855744&dopt=Abstract
https://www.amjmed.com/article/S0002-9343(03)00624-7/fulltext
http://dx.doi.org/10.1016/j.amjmed.2003.07.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14715322&dopt=Abstract
https://osf.io/sk59n/
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=25976162
http://dx.doi.org/10.1136/bmj.h1793
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25976162&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by A Mavragani; submitted 27.12.22; peer-reviewed by J Roland, WC Chin; comments to author 06.03.23; revised version
received 27.03.23; accepted 27.03.23; published 03.08.23

Please cite as:
Butler M, D’Angelo S, Perrin A, Rodillas J, Miller D, Arader L, Chandereng T, Cheung YK, Shechter A, Davidson KW
A Series of Remote Melatonin Supplement Interventions for Poor Sleep: Protocol for a Feasibility Pilot Study for a Series of Personalized
(N-of-1) Trials
JMIR Res Protoc 2023;12:e45313
URL: https://www.researchprotocols.org/2023/1/e45313
doi: 10.2196/45313
PMID:

©Mark Butler, Stefani D’Angelo, Alexandra Perrin, Jordyn Rodillas, Danielle Miller, Lindsay Arader, Thevaa Chandereng, Ying
Kuen Cheung, Ari Shechter, Karina W Davidson. Originally published in JMIR Research Protocols
(https://www.researchprotocols.org), 03.08.2023. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in JMIR Research Protocols, is properly cited. The
complete bibliographic information, a link to the original publication on https://www.researchprotocols.org, as well as this
copyright and license information must be included.

JMIR Res Protoc 2023 | vol. 12 | e45313 | p. 15https://www.researchprotocols.org/2023/1/e45313
(page number not for citation purposes)

Butler et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://www.researchprotocols.org/2023/1/e45313
http://dx.doi.org/10.2196/45313
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

