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A B S T R A C T

Background: Adequate sleep plays a crucial role in maintaining physical, mental, and emotional health. On 
average, adults require 7–9 h of sleep per night. However, less than two-thirds of women meet this recom-
mendation. During the coronavirus disease 2019 (COVID-19) pandemic, poor sleep quality and moderate-to- 
severe stress were highly prevalent among healthcare workers (HCWs), especially women. While some in-
terventions have been proposed to address stress/burnout in HCWs, few have focused specifically on women in 
healthcare. Therefore, this is a protocol for a study that aims to determine the efficacy of a mind–body inter-
vention (MBI) to improve sleep duration among women HCWs aged 40–60 years using the personalized (N-of-1) 
trial design.
Methods: A personalized (N-of-1) trials model will be employed to evaluate the efficacy of an MBI to improve 
sleep duration (primary endpoint) and explore its effects on sleep quality, physiological factors, and their re-
lationships with participants’ perceived stress, anxiety, and depression. The series of personalized trials (n = 60) 
will be conducted over 16 weeks. The MBI will include mindfulness, yoga, and guided walking, delivered in two 
2-week block sequences for 12 weeks, with two 2-week periods for baseline and follow-up. Participants will 
watch 30-min videos three times weekly and wear an activity tracker to monitor sleep and activity. They will 
receive daily text messages with questions about sleep quality and bi-weekly questionnaires about their stress, 
anxiety and depression scores, fatigue, concentration, confidence, mood, and pain levels.
Conclusion: Results from this study will inform the development of N-of-1 methodology for addressing the health 
and wellness needs of middle-aged women.

Ethics and dissemination:

This trial was approved by the Northwell Health Institutional Review 
Board (IRB). All participants will be required to complete the written 
informed consent prior to enrollment. Important protocol modifications 
will be shared with participants, as per the IRB’s discretion. The trial 
results will be published in a peer-reviewed journal. All publications 
resulting from this series of personalized trials will follow the CONSORT 
reporting guidelines. De-identified participant-level data and the study 
protocol will be uploaded to Open Science Framework (https://osf.io/dt 
v46/).

Registration details:

This trial is registered on www.ClinicalTrials.gov (NCT05789212).

Protocol version:

10/26/2023, 22-0770-MRB;

1. Introduction

Sleep is an important and complex physiological process for main-
taining optimal health, with the National Sleep Foundation 
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recommending ≥7 h of sleep per night for adults aged 18–60 years [1]. 
Poor sleep duration or quality has been associated with adverse 
emotional (e.g., stress, depression), cognitive (e.g., memory, cognitive 
performance), and physiological (e.g., pain) symptoms [2], and recent 
studies have demonstrated that poor sleep quality affects 19.2 % of 
United States workers [3]. During the first two waves of the COVID-19 
pandemic, findings indicated a high prevalence of both poor sleep 
quality and moderate-severe stress in healthcare workers (HCWs) [4,5], 
especially amongst women [6]. Studies conducted in a cohort of New 
York City HCWs (80 % women, >50 % nurses, median age of 36 years) 
revealed a 20 % increase in insomnia symptoms (e.g., short duration, 
poor quality sleep) compared to 2018 [7], establishing an association 
between poor sleep quality and a higher prevalence of psychological 
distress [8]. Thus, evidence suggests that sleep interventions could be 
effective in reducing psychological distress among HCWs. However, 
while mitigation interventions (e.g., reducing workload) have been 
proposed to address stress/burnout in HCWs [9], few have focused on 
women in healthcare and specifically targeted sleep as a symptom of 
stress.

One possible reason for limited research in this area is the high 
heterogeneity of treatment effects (HTE) in stress reduction and sleep 
interventions, which traditional parallel-group trials cannot fully cap-
ture. Personalized (N-of-1) trials offer a solution by testing interventions 
in single patients through randomized crossover sequences, identifying 
the most effective treatment for each individual [10,11]. In contrast to 
randomized controlled trials (RCTs), which provide inferences on a 
population level, N-of-1 trials provide a method to determine what 
works best for the individual directly [10,11]. The three techniques 
included in the personalized intervention (meditation, yoga, and 
walking) for this study have been shown to be safe and effective in 
addressing sleep problems and reducing stress in middle-aged women 
[12]. Prior studies examining the effects of mediation [13], yoga [14], 
and physical activity [15] for stress reduction have shown that all three 
interventions were associated with significant reductions in 
self-reported and/or physiological measures of stress. Results from these 
systematic reviews and meta-analyses for each intervention are sup-
ported by reviews of Mind-Body Interventions (MBIs) to improve sleep 
in the scientific literature [16–19]. The promising behavioral in-
terventions proposed for this study are theorized to improve sleep 
quantity and quality through targeting multiple cognitive and emotional 
processes.

The primary goal of this study is to determine the efficacy of a Mind- 
Body Intervention using a personalized (N-of-1) trial design to produce a 
meaningful increase in sleep duration among women aged 40–60 years 
working at Northwell Health, a major healthcare system in New York. 
This proposed trial follows the National Institutes of Health (NIH) Stage 

Model for behavioral intervention development [20] and is a Stage II 
efficacy trial. The MBI will include a personalized intervention 
comprised of three components (mindfulness, yoga, and guided 
walking) assigned in two 2-week block sequences for a total period of 12 
weeks. Participants will be prompted to complete three 30-min inter-
vention sessions weekly, where the delivery/collection of all compo-
nents and data will be conducted virtually. Sleep components (duration, 
sleep latency, sleep efficiency) and physiological factors (daily resting 
heart rate, daily step count) will be monitored continuously using a 
Fitbit® device and self-reported questionnaires. The primary outcome is 
the mean within-subject difference in daily sleep duration between 
baseline and each treatment period. Exploratory outcomes include mean 
within-subject differences in daily sleep latency, daily sleep efficiency, 
daily resting heart rate, daily number of steps, perceived stress score, 
and anxiety and depression scores. We hypothesize that an MBI will 
improve sleep duration, positively influencing perceived stress, anxiety 
and depression, and sleep quality in female HCWs.

2. Materials and methods

2.1. Study design

This study will employ a series of 60 randomized, personalized N-of- 
1 trials examining the effects of an MBI on sleep duration. The in-
terventions will be delivered virtually over a 16-week trial comprising a 
2-week baseline period (run-in), a 12-week intervention period, and a 2- 
week follow-up period (Fig. 1).

Participants will be provided a Fitbit® device for continuous sleep 
and activity monitoring and will receive online surveys assessing sleep 
and other health factors via text messages. Study enrollment will 
continue until 60 participants have been randomized following baseline 
and complete research procedures. This study was approved by the 
Northwell Health Institutional Review Board (IRB).

2.2. Study population

Female (assigned sex at birth) HCWs aged 40–60 years working in 
Northwell Health, the largest health system in New York, or its affiliates 
will be recruited. Those who meet a minimum stress threshold 
(Perceived Stress Scale [PSS-10] raw score ≥18) and with self-reported 
short sleep duration (<7 h per 24-h period for the last 3 months) will be 
eligible. The specific inclusion and exclusion criteria are listed in 
Table 1.

2.3. Recruitment

Participants will be recruited from the over 85,000 employees of 
Northwell Health via e-mail blasts, newsletter advertisements, posts in 
Northwell’s social platforms, and physical flyers at various Northwell 
Health facilities. Interested individuals will be directed to a HIPAA- 
compliant web application for data capture and management 
(REDCap) [21] for further details about the trial and completion of 
screening surveys regarding the inclusion and exclusion criteria. Ineli-
gible participants will be notified immediately upon screening comple-
tion. Personal identifiable data of potential and enrolled participants 
will be maintained in a REDCap project, accessible only to IRB-approved 
study team members, and will only be shared as described in the study 
consent form. Study recruitment began in April 2023 and is expected to 
finish in May 2024.

2.4. Consent

Electronic informed consent will be obtained using an IRB-approved 
REDCap form. Eligible participants will be directed to a video outlining 
key points of the consent form and to a view-only version of the study 
consent form. Potential participants will be given the option for a 30- 

Abbreviations:

COVID-19 coronavirus disease 2019
HCWs healthcare workers
RCTs randomized controlled trials
MBI mind–body intervention
IRB Institutional Review Board
PSS Perceived Stress Scale
PHQ-4 Patient Health Questionnaire-4
EMA ecological momentary assessment
SE Sleep efficiency
TST total sleep time
TIB time in bed
GEE generalized estimating equation
ITT intention-to-treat
MICE multivariate imputation by chained equations
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min informational phone call with an IRB-approved study team member 
to further review the consent form, or to proceed to signing the elec-
tronic consent form with a four-question comprehension check. Those 
choosing the phone call will be scheduled for an appointment with a 

study coordinator before signing. All participants will receive an elec-
tronic copy of the signed consent forms. These forms will be stored 
securely on a HIPAA compliant Northwell Health-approved shared 
drive, accessible only to IRB-approved study team members. After 

Fig. 1. Participant timeline.
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completing the consent form, participants will complete an onboarding 
survey on their lifestyle and schedule for personalization of the in-
terventions (e.g., possible start dates, preferred time for survey de-
livery). Upon completion of the survey, participants will receive a 
Fitbit® device with instructions for its setup.

2.5. Baseline period

The first 2 weeks of the study will be the baseline (run-in) period. 
Participants will be asked to wear their Fitbit® device 24/7 and receive 
daily modified Consensus Sleep Diary [22] surveys on their perceived 
sleep duration and quality. At the end of the baseline period, partici-
pants will receive a health survey, which includes the PSS-10 [23], the 
Patient Health Questionnaire-4 (PHQ-4) [24], and additional ecological 
momentary assessment (EMA)-adapted questions from the Numeric Pain 
Rating Scale (momentary pain, fatigue, stress, mood, confidence, and 
concentration levels) [25,26]. All study surveys will be administered via 
text-message links to secure REDCap pages.

By the end of the baseline period, a study coordinator will review the 
participant’s average sleep duration and study procedure adherence 
(one completed survey translates to one instance of adherence). Par-
ticipants with ≥12 h of wear time and 180 min of sleep per 24-h period 
will be considered adherent to Fitbit wear. Participants with an objec-
tive, Fitbit-derived average sleep duration <7 h per 24-h period, and 
who achieved ≥80 % adherence to Fitbit wear and survey completion 
during the baseline period will be randomized to one of the intervention 
arms. In contrast, those who fail to meet these criteria during the 
baseline period will be removed before randomization and instructed to 
deregister their Fitbit device.

2.6. Randomization

Participants will be randomized 1:1 into one of two 12-week inter-
vention arms, each comprising six 2-week blocks of guided (A) mind-
fulness meditation, (B) yoga, (C) or walking. Among the 60 eligible 
participants, 30 will be randomized to receive interventions in the 
ABCCBA order (Arm 1), while the other 30 will receive interventions in 
the CBAABC order (Arm 2)(Fig. 1). The counterbalanced treatment se-
quences were chosen to protect against temporally linear confounders 

[27].
The randomization schedule will be created by the principial inves-

tigator and provided to the study coordinators. The randomization list 
will be generated with a set seed of the random number generator for 
reproducibility and auditability. The order in which an individual be-
comes eligible for one of these randomizations will determine the 
placement given (e.g., the first eligible participant will be randomized to 
the intervention order given to participant 1 and will continue 
sequentially).

2.7. Intervention period

The MBI consists of 30-min guided audiovisual recordings on 
mindfulness meditation, yoga, and walking created by Zeel (htt 
ps://www.zeel.com/), a commercial wellness technology platform 
that connects individuals to in-home or in-office services (such as mas-
sage and yoga). Following the baseline period, participants will proceed 
to the 12-week intervention period, where they will be asked to view 
and complete the assigned MBI sessions up to three times per week. 
Participants will access the videos through Vimeo (https://vimeo. 
com/), a video hosting platform, using password-protected “show-
cases” (folders) unique to their randomization schedule. They will 
receive a reminder containing a link and password three times per week, 
according to their preferences from their onboarding survey.

For monitoring, participants will be asked to continue wearing the 
Fitbit device 24/7 and submit daily and biweekly surveys during the 
intervention period. Study coordinators will monitor and review 
adherence to Fitbit wear, and completion of surveys and interventions 
weekly. In cases where adherence falls below the 80 % threshold for 
Fitbit wear or survey completion in a given week, participants will be re- 
educated on the study protocol via weekly regret lottery email notifi-
cations. Additionally, in cases of insufficient data (Fitbit data <5 days, 
survey data <50 % of 7 days, intervention data not provided for 7 days), 
the study team will contact participants by phone or email to address 
potential technological difficulties. Participants will receive the team’s 
contact information via regular text messages and surveys should they 
have questions or concerns about side effects. The study team will be 
trained to identify and report any potential adverse events to the prin-
cipal investigator, who is primarily responsible for monitoring partici-
pant safety. The IRB and/or sponsor will be notified of adverse events, as 
outlined in the data and safety monitoring plan and in accordance with 
local policy. Participants will also be reminded that they may withdraw 
from the trial completely at any point, including if they experience any 
concerning side effects.

2.8. Follow-up period

Following the intervention period, participants will proceed to the 2- 
week follow-up period to continue collecting data for additional 
exploratory analyses that may inform future trial designs. During this 
period, participants will continue to receive study surveys and will be 
asked to wear their Fitbit device, but they will not receive any in-
terventions. Upon completion of the intervention period, a summary 
report of each participant’s trial results will be sent. All feedback will be 
presented in narrative and in numerical form. After receiving the sum-
mary report, participants will also receive a satisfaction survey and may 
be asked to participate in a virtual follow-up interview to provide 
opinions on their experience as research participants and with person-
alized trials. Data collected from the satisfaction survey and the virtual 
follow-up will be used to inform future trials.

2.9. Compensation

At the end of the study, participants will be allowed to keep their 
commercially available Fitbit device (valued up to $160.00), and those 
who completed all study activities will receive a $50 ClinCard as 

Table 1 
Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria

Participants must meet the following 
criteria to begin the study:

• Age 40–60 years
• Female sex as the assigned sex at 

birth
• Employee of Northwell Health or its 

affiliates
• Self-reported history of short sleep 

duration (<7 h per 24-h period) for at 
least 3 months

• Fitbit verified average sleep duration 
<7 h/24-h period and ≥80 % 
adherence of Fitbit wear and survey 
submission following the 2-week run- 
in period

• Self-reported stress ≥18 using the 
Perceived Stress Scale (PSS-10)

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

• Owns and can regularly access an e- 
mail account

Individuals who meet any of the 
following criteria will be excluded from 
participation:
• No history of short sleep duration or 

non-adherent to the Fitbit wear and 
survey submission

• Women who are pregnant or 
breastfeeding, or anticipating 
pregnancy in the subsequent 5 months

• Not willing to wear a Fitbit 24/7
• Does not own or cannot regularly 

access a smartphone capable of 
receiving text messages

• Does not possess or cannot regularly 
access an email account

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

• Planned surgeries within 6 months 
from study start date

• Participants who have been previously 
told by a clinician not to engage in 
walking for 30 min, three times per 
week or yoga

• Mobility limiting conditions
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compensation. Additionally, participants who are 80 % complaint with 
Fitbit wear and survey responses are eligible for a weekly lottery 
(maximum win: $400 after eight sessions) during the 14-week inter-
vention and follow-up periods.

3. Outcomes

3.1. Primary outcome

The study’s primary outcome is the mean within-subject difference 
in daily sleep duration between baseline and each treatment period, 
objectively measured using the Fitbit device and subjectively assessed 
through self-reported questionnaires. Participants’ sleep activity will be 
aggregated by day.

3.2. Exploratory outcomes

Exploratory outcomes include mean within-subject differences in 
daily sleep latency, daily sleep efficiency, daily resting heart rate, and 
daily number of steps between baseline and each treatment period.

Sleep latency, defined as the time from when the lights are turned off 
(lights out) to sleep onset, will be aggregated daily using the Fitbit and 
assessed via self-reported questionnaires. Sleep efficiency (SE), an in-
dicator of sleep quality, is defined as the ratio of total sleep time (TST) to 
time in bed (TIB), with values ≥85 % indicating good sleep quality [28]. 
SE will be recorded and aggregated daily using the Fitbit device. Resting 
heart rate and number of steps will also be measured using the Fitbit. 
Specifically, the device will measure the heart rate when sleep is 
detected and throughout the day while an individual is inactive (no steps 
detected).

Other exploratory outcomes include mean within-subject differences 
in perceived stress scores and anxiety and depression scores between 
baseline and each treatment period. Perceived stress scores will be 
measured using the total score of the PSS-10 questionnaire on a scale of 
0–4 for 10 items. Scores will be categorized as low (0–13), moderate 
(14–26), or high stress (27–40). Anxiety and depressive disorder scores 
will be assessed using the total score of the PHQ-4 questionnaire on a 
scale of 0–3 for four items. Scores will be rated as normal (0–2), mild 
(3–5), moderate (6–8), or severe (9–12). Scores ≥3 for the first two and 
for the last two questions suggest anxiety and depression, respectively. 
Both PSS-10 and PHQ-4 will be evaluated pre-intervention (run-in), bi- 
weekly during the intervention, and post intervention.

3.3. Sample size calculation

The primary aim of this study is to evaluate the effect of a person-
alized MBI on increasing the average daily sleep duration in female 
healthcare workers at Northwell Health. A sample size of 30 participants 
per arm achieves 80 % power to detect a minimum effect size of 0.7 
expected by one of the three interventions. Calculations were based on 
generalized estimating equation (GEE) tests for repeated measures 
considering a total of 28 daily measurements (4 weeks) per intervention 
at a significance level of 0.05. The within subject standard deviation is 
anticipated to be maximum 2h, with an auto-regressive AR(1) base 
correlation of 0.95 taken at two successive timepoints. The auto- 
regressive correlation structure is one of the most frequently used in 
personalized trials [29]. Calculations were performed in PASS (Power 
Analysis and Sample Size Software 2023) using the function GEE Tests 
for Repeated Measures (Continuous Outcomes) [30]. Estimated effect size 
and correlation values were derived from a previous fatigue study 
conducted at Northwell Health that employed a similar inter-
vention/design and collected sleep duration as an exploratory endpoint 
[31]. The study will enroll up to 65 participants to account for special 
cases when randomized participants drop out (due to various reasons) 
before the start of the intervention.

3.4. Data management

Sleep and activity data from Fitbit devices will be collected from the 
participant study accounts via the Fitabase API and will be stored in 
Fitabase. All survey responses will be collected via text-message surveys 
and will be stored in REDCap. Only IRB-approved study team members 
will have access to the Fitabase account and REDCap project.

3.5. Primary analysis

The effect of the personalized MBI intervention on the participant’s 
sleep duration will be assessed in each arm separately. All analyses will 
be performed using statistical software R version 4.4.1. The effects of 
each treatment on sleep duration will be assessed using GEE models with 
the auto-regressive AR(1) variance-covariance matrix for measures on 
the same day to that night’s sleep (R package gee) [32,33]. This model 
accounts for possible autocorrelation and linear trends between sleep 
duration across time. To explore HTE on sleep duration, we will also 
model the data using linear mixed models (LMM) with random treat-
ment effects (R package lmer4) [34] and evaluate the HTE index based 
on the LMM fits [35]. Analysis for the primary outcome will be based on 
intention-to-treat (ITT) principle that includes all randomized partici-
pants, regardless of their level of treatment received or protocol 
adherence. In instances of missing data, we will use multivariate 
imputation by chained equations (MICE) [36] and report the results 
alongside with ITT analysis. For descriptive purposes, individual 
changes in the average daily sleep durations between the run-in and 
each treatment period will be reported using the mean (95 % confidence 
intervals CIs). Bland-Altman plots will be constructed to visualize the 
agreement between the Fitbit-reported and self-reported sleep duration 
(R package BlandAltmanLeh).

3.6. Exploratory analysis

The effect of the personalized MBI intervention on the participant’s 
sleep quality and physiological factors will be assessed in each arm 
separately. Individual changes in average daily sleep quality (sleep la-
tency and efficiency), daily heart rate, and daily average number of steps 
between the run-in and each intervention period will be reported using 
means (95 % CIs). GEE models will be further employed to test the effect 
of the interventions on sleep quality and physiological factors. To 
explore the role of anxiety and depression as a potential mediator (M) 
between perceived stress (X) and sleep quality (Y), we will employ three 
regression models to estimate the direct, indirect, and the total effect of 
perceived stress on sleep quality.

4. Conclusions

This study protocol describes the aims of the proposed Stage II ran-
domized clinical trial to evaluate the heterogeneity of effects of a 
differing MBI on increasing sleep duration among middle-aged female 
HCWs, and to determine which intervention component proves to be 
most efficacious for each individual participant. Thus, this study will 
provide an opportunity to examine the effectiveness of a scalable and 
efficacious method for supporting sleep health in women who are health 
care workers, and will provide data to support larger NIH stage model 
clinical trials designed to assess MBI efficacy (stage IA) and community 
effectiveness (stage V). Results from this study data may contribute to 
the incorporation of N-of-1 trials into the clinical practice of sleep 
quality management. Additionally, collected data will inform the 
development of future personalized trials, helping researchers and cli-
nicians discover which wellness options are optimal for certain in-
dividuals, such as healthcare workers and women.

This protocol follows the NIH Stage Model for behavioral interven-
tion development. The NIH Stage model was formulated to reduce ob-
stacles encountered in the translation and implementation of basic 
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science demonstrating the efficacy of behavioral interventions. These 
obstacles include loss of treatment fidelity when the intervention is 
implemented in the community. This is a proposed Stage II randomized 
trial. The trial will test behavioral interventions (yoga, mindfulness, and 
guided walking) for their efficacy to improve sleep duration in partici-
pants, and the trial is conducted in a research setting. Each of these 
promising behavioral interventions are theorized to improve sleep 
quantity and quality through targeting multiple cognitive and emotional 
processes that will be tested repeatedly in this Stage II proposed trial. If 
successful at identifying the right behavioral intervention for improving 
sleep duration, the anticipated pathway would be to next conduct a 
Stage IA activity to prepare the training and fidelity materials, and then 
conduct a Stage V effectiveness trial testing strategies of implementation 
and adoption for all women healthcare professionals implemented in 
community settings, using the N-of-1 trial design. As this is a digital 
(virtual) intervention, the maintenance of fidelity to the treatment de-
livery is expected to be identical to that found in a research setting. If 
this Stage II trial is not successful, then a Stage IA test of other behavioral 
interventions adapted and refined to increase sleep duration would be 
the next N-of-1 trial in the anticipated pathway.

One potential limitation of this protocol is the lack of generalizability 
of the study findings due to the sole inclusion of middle-aged female 
HCWs. While this is the target population to determine the effectiveness 
of an MBI on sleep duration to improve stress in female HCWs, the re-
sults may not be applicable to other populations. However, should the 
MBI intervention demonstrate efficacy in enhancing sleep duration 
within this specific demographic and exhibit consistent effects across 
participants, the subsequent phase would involve a large randomized 
controlled trial (RCT) to assess implementation and adoption strategies 
for all female healthcare professionals.
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