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Abstract 

Background Short sleep duration, defined as < 7 h sleep on weeknights, affects 40% of the US adult population, 
contributing to the increased risk for cardiometabolic diseases, decreased safety, and poorer mental health. Despite 
the prevalence of short sleep duration, few studies have tested interventions to extend sleep duration. The objec-
tive of this study is to test the effects of a behavioral sleep extension intervention on sleep duration, blood pressure, 
and other measures of cardiometabolic health among adults with elevated blood pressure or hypertension.

Methods This is a single-blind, randomized controlled trial to determine the impact of a behavioral sleep exten-
sion intervention on sleep duration and cardiometabolic health among individuals with short sleep duration (< 7 h 
per night) and elevated blood pressure or hypertension (SBP 120–150 mmHg or DBP 80–90 mmHg). After completing 
the screening, participants will be randomly assigned to either a sleep coaching (intervention) or health education 
(control) group. The participants will have weekly contact for either coaching or education for 8 weeks (intervention 
period) followed by monthly coaching or education for the next 2 months (maintenance period). Participants will 
complete assessment visits, actigraphy, and 24-h ambulatory blood pressure recording at baseline/screening, 8 weeks, 
and 6 and 12 months. The primary outcome is sleep duration at 8 weeks, and the secondary outcome is blood pres-
sure at 8 weeks.
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Introduction
Background and rationale {6a}
According to data from the National Health Interview 
Survey,70.1 million US adults (29.2%) sleep < 6 h per 24-h 
period [1], below the consensus recommendation of “at 
least 7  h” needed for health and performance among 
adults [2]. Therefore, a large portion of US adults could 
potentially improve health and quality of life through 
extending sleep duration. Meta-analyses demonstrate 
compelling evidence that short sleep duration inde-
pendently increases cardiometabolic diseases (CMD) 
including a 20% increase in hypertension, 40% increase 
in diabetes22, and 0.23% higher HbA1c in individuals 
who have type 2 diabetes [3], risk ratios comparable to 
other lifestyle risk factors such as overweight and physi-
cal inactivity. Experiment sleep restriction increases in 
BP among healthy and hypertensive participants [4, 5], 
as well as increasing inflammation [6], insulin resistance 
[7, 8], and caloric intake [9]. Taken together, the studies 
demonstrate biological and behavioral effects of short 
sleep duration on CMD development and management.

Despite the well-known negative effects of short sleep 
duration, surprisingly little attention has been paid to the 
development of sleep extension interventions and test-
ing whether such treatments can improve CMD. Studies 
have demonstrated short-term sleep extension results in 
decreased insulin resistance [10, 11] decreased appetite 
[12] and lower intake of fat, carbohydrates, and sugars 
[13]. Together, this growing body of research demon-
strates short-term sleep extension is feasible and may con-
fer health benefits for CMD risk factors. However, these 
studies are limited by small sample size, high staff involve-
ment in the intervention (e.g., intensive coaching and 
monitoring), and short-term follow-up. Therefore, our 
project moved this important research forward, taking it 
from proof-of-concept to efficacy studies to research con-
ducted in more generalizable clinical populations [14].

Objectives {7}
The goal of this proposed study is to conduct a randomized 
controlled trial to test the efficacy of our behavioral sleep 

extension intervention on 24-h ambulatory BP (ABP) 
and other key biological and behavioral CMD risk factors 
among participants with short sleep duration and elevated 
BP/hypertension. The intervention will be completed over 
a 12-month period in 3 phases, intervention (weeks 0–8), 
maintenance (months 2–6), and follow-up (months 6–12), 
allowing us to test the short-term and extended effects of 
our intervention.

Aim 1: To estimate the magnitude of the acute 
(8  weeks) and extended (12  months) effects of our 
behavioral sleep extension intervention compared to a 
health education control group on sleep duration
Aim 2: To test the effects of our behavioral sleep exten-
sion intervention compared with a health education 
control group on CMD risk factors including 24-h 
ABP, BMI, body fat, and CMD risk biomarkers (inflam-
mation, glycemic control, lipids)
Aim 3: To evaluate the effects of the intervention on 
key lifestyle behaviors (e.g., diet and physical activity) 
and patient-reported outcomes (sleep quality, sleepi-
ness quality of life)

Hypotheses
Compared to the education control group, we predict 
greater improvements in sleep duration in the inter-
vention group in sleep duration (aim 1), 24-h ABP, and 
other measures of BP and CMD risk (aim 2) and health 
behaviors and patient-reported outcomes (aim 3). We 
predict improvements will persist at the 12-month fol-
low-up, but the effects of the intervention will be attenu-
ated over time.

Trial design {8}
This is a single-blind, parallel-group, randomized con-
trolled trial with a 1:1 allocation ratio and superiority 
framework. The study will test a behavioral sleep extension 
intervention compared to an education control group. The 
primary endpoint is 8 weeks and the secondary endpoint 
is 12 months. A CONSORT-style flow chart for the trial is 
shown in Fig. 1.

Discussion The results of this study will determine the effects of behavioral sleep extension on sleep and cardiomet-
abolic health among adults with short sleep duration and elevated BP/hypertension. The results will inform the fea-
sibility and efficacy of behavioral sleep extension and provide information needed for future multi-site effectiveness 
studies.

Trial registration ClinicalTrials.gov NCT04766424. Registered on 21 February 2021.

Keywords Sleep, Hypertension (HTN), Systolic blood pressure (SBP), Diastolic blood pressure (DBP), Cardiometabolic 
disease (CMD), Sleep coaching
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Methods: participants, interventions, 
and outcomes
Study setting {9}
This study will recruit participants with elevated BP/stage 
I hypertension and sleep duration < 7 h from community 
settings in Salt Lake City, Utah, and the surrounding area.

Participant timeline {13}
The schedule of time points, study assessments, and 
interventions is listed in Fig. 2.

After web or telephone screening, participants will 
complete a baseline/screening visit. Participants will 
undergo standardized BP screening to determine BP 
eligibility. The BP screening protocol involves 3 unat-
tended BP recordings taken with an automated BP 
machine (HEM-907HL, OMRON Healthcare Inc.) after 
a 5-m quiet resting period and 3 m between measure-
ments. If they meet the study criteria, they will review 
the consent form with the study staff and complete 
the informed consent prior to continuing the study 

visit. Participants will complete self-reported ques-
tionnaires and cognitive testing and then will wear the 
study devices at home over the next 10  days (Apnea 
link monitor for 1 night, ambulatory blood pressure 
monitor (OnTrak Ambulatory Blood Pressure Moni-
tor 90,227, Spacelabs Inc.) for 24 h, and actigraphy and 
physical activity monitor for 10 nights). At the end of 
the baseline period, participants will return to the lab 
to download their devices and will have their blood 
drawn. If eligible for the study, they will be randomized 
to either the sleep extension intervention group or 
the education control group. They will receive a study 
letter and materials in the mail, as well as a call from 
the study coach informing them of their group assign-
ment. The study interventions have 3 main periods. In 
the intervention period (study weeks 1–8), participants 
will receive 8-weekly intervention or control sessions 
and content. In the maintenance period (months 2–6), 
participants will receive monthly intervention or con-
trol sessions and materials. Finally, in months 6–12, 

Fig. 1 CONSORT-style flow chart for the trial
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participants will be observed, but there will be no inter-
ventions delivered.

Eligibility criteria {10}
The following are the inclusion criteria:

1) Age 18–65 years.
2) In-office BP readings indicating elevated BP/stage I/

II hypertension (SBP of 120–150  mmHg or DBP of 

80–90  mmHg). Note that participants taking anti-
hypertensive medications will be permitted if stable 
dose for > 8 weeks and willing to maintain their dose 
for the 8-week intervention period.

3) Time in bed < 8 h and habitual sleep duration < 7 h via 
actigraphy at baseline/screening.

4) Smartphone user.
5) Able to read/write English.

The following are the exclusion criteria:

Fig. 2 Schedule of time points, study assessments, and interventions
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1) High risk or presence of moderate to severe comor-
bid sleep disorders (i.e., obstructive sleep apnea, rest-
less legs syndrome, or insomnia) as assessed by the 
questionnaires and overnight obstructive sleep apnea 
at the baseline/screening

2) Resistant hypertension, defined as currently tak-
ing > 4 antihypertensive medications or 3 medica-
tions and standardized in lab BP > 130 mmHg SBP or 
80 mmHg DBP at screening

3) History of cognitive or neurological disorders (e.g., 
dementia, Parkinson’s, multiple sclerosis)

4) Arm circumference > 50 cm
5) Presence of major psychiatric disorders (e.g., schizo-

phrenia, bipolar disorder), alcohol abuse on screen-
ing questionnaire (women > 7 drinks per week and 
more than 4 drinks on one occasion; men > 14 drinks 
in 1  week and more than 5 on one occasion), drug 
use on the NIDA-Modified ASSIST (score > 3), and 
moderate to severe depressive symptoms (PHQ-8 > 9)

6) Unstable or serious medical illness that would inter-
fere with participation (cancer, renal disease on dialy-
sis)

7) Overnight work of more than 1 × per month
8) Use of hypnotic or stimulant medications
9) Situations that would significantly impact the abil-

ity to extend sleep, including overnight caregiving 
responsibility for children under the age 1 and elderly 
or disabled adults > 1 × per week

10) Inability to read or write in English
11) Pregnancy/desire to become pregnant during the 

study period
12) Currently following weight loss program, bariat-

ric surgery in the past year, or current use of weight 
loss medications

Who will take informed consent? {26a}
Participants will attend a screening visit, and prior to 
consent, the research staff will take their resting blood 
pressure using a standardized protocol. Participants who 
are eligible based on their blood pressure readings will 
complete informed consent. Consent will be completed 
by the trained study staff (the research coordinator or 
research assistant) during an in-person visit to the Uni-
versity of Utah. The informed consent document will be 
reviewed with participants after a standardized blood 
pressure reading to determine preliminary eligibility.

Additional consent provisions for collection and use 
of participant data and biological specimens {26b}
This study includes blood draws for cardiometabolic 
risk markers (e.g., lipids, glycated hemoglobin (HbA1c)) 
as well as Alzheimer’s-related biomarkers (targeted 

metabolomics, lipidomics) and the genetic risk gene 
apolipoprotein E4 testing (APOE4). In the consent pro-
cess, participants will have the opportunity to opt out of 
blood draws, opt out of genetic testing, and the option to 
opt out of receiving results of genetic testing.

Interventions
Intervention description {11a}
The behavioral sleep extension intervention consists of a 
wearable sleep tracker, a weekly educational email, and 
one weekly phone call from a coach. The maintenance 
intervention consists of monthly email and phone calls.

1. Self-monitoring (wearable sleep tracker): Participants 
receive a Fitbit wearable sleep tracker to allow them 
to monitor their sleep and discuss the results with 
the coach. Participants and the coach will have access 
to the sleep tracker data through a dashboard on the 
Fitabase platform. Participants will be instructed to 
enter their sleep goals into the sleep tracker app.

2. Education: Participants will receive weekly educa-
tional content via email. Topics include the impor-
tance of sleep for health (e.g., what is healthy sleep?), 
regulation of sleep and circadian rhythms, and strat-
egies to avoid bedtime procrastination. The weekly 
educational content consists of written and video 
didactic content (e.g., TED talks). Email was selected 
for the delivery mode to promote engagement, as its 
use is already integrated into the lives of most peo-
ple, and it is accessible across platforms (e.g., smart-
phones, desktops, or tablets). Educational content 
(Fig.  3) is reinforced in the telephone coaching ses-
sions.

3. Motivational enhancement (telephone coaching): 
The weekly telephone coaching sessions are used to 
set goals related to the participant’s sleep, increase 
commitment to these goals, and problem-solve 
barriers to achieving the goals. The main behavio-
ral goal is increasing time in bed. The first coach-
ing session will be a 20-min engagement session, 
which includes introductions, rationale for the pro-
gram, clarifying the role of the coach, reviewing 
the participants’ baseline sleep data, setting goals 
for the program for both sleep and daytime func-
tion, and reinforcing the participants’ commitment 
to change their behavior. In the following coaching 
sessions, the coach and participant will have a brief 
(5–10 min weekly) follow-up call to review the pro-
gress, boost self-efficacy, problem-solve barriers to 
progress, and set goals for the following week. Dur-
ing the maintenance period (months 2–6), the calls 
will be scheduled monthly. In between sessions, the 
coaches will be available, mostly over email, to trou-
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bleshoot any problems with the educational material 
or sleep tracker. The coaching protocol is based on 
the principles of Supportive Accountability and uses 
techniques drawn from cognitive behavioral therapy 
and motivational interviewing, such as goal setting 
and developing discrepancies between current and 
desired behaviors. A list of the intervention and 
coaching session content is listed in Table 1. Coaches 
are trained to set collaborative goals, elicit change 
talk, and include relevant sleep-related research in 
their sessions (e.g., even an improvement of 20 min 
can improve your performance).

Control group description
Participants assigned to the health education control 
group will be provided with weekly health education 
emails with content written at < 4th grade level. Partici-
pants in this group will also receive brief weekly scripted 
telephone calls from the coach (< 5 min) to determine if 
they received the health information and if they had any 
questions about the materials. Coaches will not provide 
sleep counseling or goal setting but may clarify terms 
or concepts. Participants in the control group will be 
instructed to maintain their current sleep schedule and 
will not be monitored with sleep diaries, a technique pre-
viously reported to produce little change in sleep timing 
over 4 weeks.

Measures of intervention fidelity
All coaching sessions will be recorded for training and 
fidelity monitoring. All coaches will be trained until they 
reach a criterion of adherence to the treatment protocol 
before being assigned study participants. In each quarter, 
Dr. Duffecy (co-PI) will review approximately 10 sessions 
quarterly in year 1 and 10 sessions yearly in subsequent 
years and code them for adherence using previously 
developed rating scales [15]. Items include aspects of 
the session content (e.g., eliciting questions or problems 

Fig. 3 Educational content

Table 1 Intervention content and coaching

Week Content Coaching (min)

1 Intro basics of sleep 20

2 Beat bedtime procrastination 5–10

3 Weekends and challenges 5–10

4 Stress and sleep 5–10

5 The sleep environment 5–10

6 Sleep and the brain 5–10

7 Effects of sleep 5–10

8 Maintaining your gains 5–10
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about the intervention, setting goals), structure of the 
session (e.g., sets an agenda), and therapeutic process 
(e.g., uses open-ended questions, appropriate session 
pacing). Scores less than 80% will trigger re-training and 
review of 5 practice sessions for re-approval. Similarly, a 
random 10% of control sessions will be reviewed using a 
standardized checklist for the presence of sleep-related 
content or health advice. If any sleep or health advice is 
provided, this will trigger re-training.

Criteria for discontinuing or modifying allocated 
interventions {11b}
Participants may be removed from the study if the par-
ticipant requests withdrawal or the principal investigators 
consider it necessary to stop the intervention (e.g., signifi-
cant change that would significantly affect study participa-
tions such as pregnancy or a critical injury or major change 
in health, beginning a shift work job). In this case, the par-
ticipant would be discontinued from the study, including 
stopping receiving their emails and coaching sessions. They 
would receive compensation for study tasks completed up 
to that point and would not be invited to complete further 
follow-up assessments. Any information and data collected 
will be analyzed with the rest of the data.

Strategies to improve adherence to interventions {11c}
Retention during the intervention and maintenance 
periods will be handled by the coaches (e.g., coach will 
attempt to contact participants via their preferred con-
tact method and reschedule missed sessions when pos-
sible). The study staff will also send quarterly study 
newsletters and birthday and holiday cards to partici-
pants throughout the study.

Relevant concomitant care permitted or prohibited 
during the trial {11d)
For the intervention period (weeks 1–8), we will use a 
constrained usual care model (requesting participants to 
keep antihypertensive medications constant if possible) 
to reduce non-study-related variability in the acute inter-
vention phase. For the maintenance and no intervention 
periods (months 2–12), we will track the medication 
changes at study assessments but will not require partici-
pants to remain at a consistent dose. This plan is based 
upon current hypertension guidelines that allow for life-
style interventions for 3–6  months in elevated/stage I 
hypertension. Both groups will receive written instruc-
tions reminding them to follow up as recommended with 
primary care.

Provisions for post‑trial care {30}
This trial does not include provisions for post-trial care. If 
participants inquire about additional sleep interventions 

after the trial, they will be provided with information 
about local sleep centers.

Outcomes {12}
Study outcomes and assessment time points are listed in 
Fig. 2.

Primary outcome: The primary outcome is a change in 
sleep duration from baseline to 8 weeks. Sleep duration 
at baseline and 8  weeks will each be calculated as aver-
ages over 10-day periods. Sleep duration will be meas-
ured by 8–10  days of actigraphy at baseline/screening, 
week 8, and 6 and 12 months with the Actiwatch Spec-
trum device (Philips Respironics Inc.). Devices will be 
configured using default settings and scored using the 
Acitware Software (Philips Respironics, Inc.). Actigraphy 
will be manually scored using a standardized procedure 
[16].

Main secondary outcome: The main secondary out-
come will be change in 24-h SBP from baseline to 
8  weeks. This measure will be calculated as an average 
for the 24-h period at baseline and 8  weeks. BP will be 
assessed by 24-h ABPM at home using the Spacelabs 
ambulatory BP monitor (Spacelabs Healthcare, Hertford, 
UK). Participants will wear the BP monitor at baseline/
screening, week 8, and 6 and 12 months. Monitors will be 
programmed to take readings in random 20-min inter-
vals during the day and 30-min intervals at night.

Other secondary outcomes: Changes from baseline 
to 6  months and from baseline to 12  months will be 
measured to evaluate the maintenance of sleep duration 
changes. In addition, changes in 24-h SBP from base-
line to 6 and 12 months will be measured to evaluate the 
maintenance. We will also measure the change in 24-h 
diastolic blood pressure (DBP) from baseline to 8 weeks 
and 6 and 12  months. We will measure diet quality by 
administering the Automated Self-Administered 24-h 
Dietary Assessment Tool and calculating the Healthy Eat-
ing Index (HEI-2018) [17], a composite measure derived 
from the 24-h recall measurement that uses food groups 
and nutrients collected in the diet recall to compute the 
US dietary guidelines into a single measure. Changes in 
the HEI reflect the overall change in the healthfulness 
of diet. We will also compute macronutrients and key 
food group/diet behaviors (e.g., fast food, fruit/vegeta-
ble intake) from the ASA-24 data for use in exploratory 
analysis.

Objective 24-h physical activity data including seden-
tary behavior will be collected using the ActivPAL4 activ-
ity monitor [18, 19]. The main measure of interest will be 
minutes of moderate and vigorous physical activity per 
day (MVPA).

Other measures of cardiometabolic risk will be meas-
ured at screening, week 8, and months 6 and 12 including 
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BMI and body fat estimation using a bioimpedance scale 
(Tanita of America), waist and hip circumference, lipids, 
and HbA1c. We will also evaluate the effects on noctur-
nal and diurnal BP and on non-dipping BP status defined 
by ABPM levels as mean nighttime to daytime SBP/DBP 
ratio of > 0.90.

Participants will complete measures of patient-reported 
outcomes at session baseline, week 8, and months 3, 6, 9, 
and 12, including the PROMIS sleep disturbance, sleep-
related impairment and sleepiness [20], and mood [21].

We will assess the intervention acceptability and user 
engagement to inform our findings and plan for future 
studies (Fitbit usage, coaching session attendance and 
duration, and email lesson engagement and use surveys 
and open-ended questions at the end of the intervention 
and follow-up periods).

Participant timeline {13}
A description of the participant timeline is listed in Fig. 4.

Sample size {14}
Our power calculations are based on the assumption that 
the standard deviation (SD) for change in sleep duration 
from baseline to 8 weeks will not exceed 37.4 min, which 
is 10% higher than the SD for change in sleep duration of 
34 min reported after 40 days in our previous study [22]. 
We also assume the Pearson correlation between baseline 

and follow-up sleep duration will not exceed 0.75, and 
that the attrition rate will not exceed 20%. Under these 
assumptions, 120 randomized participants (60 in each 
of the treatment and control groups) will provide at least 
80% power with 2-sided α = 0.05 to detect a treatment 
effect of 20.2 min.

If we also assume that (1) the SD for baseline SBP will 
be ≤ 11.8  mmHg, which is 10% higher than the aver-
age baseline SD reported in two previous studies [refs]; 
(2) the Pearson correlation between the baseline and 
8-week follow-up SBP values will be ≥ 0.70; and (3) the 
attrition will be ≤ 20%, and the sample size of 60 patients 
per treatment group will additionally ensure at least 80% 
power for the main secondary analysis to detect a treat-
ment effect on the change in SBP of 4.86 mmHg.

Recruitment {15}
The study will use both active and passive recruitment 
methods. For active recruitment, patients from the Uni-
versity of Utah Health (UU Health) primary care prac-
tices who meet the initial criteria (age, BP) will be sent 
letters explaining the study and providing information 
for online screening. The study staff will follow-up letters 
with a phone call and email to potential participants. We 
will work with local community leaders and community 
health workers to enhance the recruitment of diverse 
study participants, such as providing flyers and informa-
tion about the study to share with their communities. We 

Fig. 4 A description of the participant timeline
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will attend local health fairs and conduct BP screening 
and share study information for interested participants. 
For passive methods, we will post flyers on the Univer-
sity of Utah campus and nearby areas (e.g., grocery stores 
and coffee houses) and will post ads on social media (e.g., 
Facebook). If recruitment slowdowns happen, the team 
could send more letters, expand to a larger number of 
clinics, post more frequently on social media, consider 
in-person recruitment in primary care visits, and attend 
more health fair events.

Assignment of interventions: allocation
Sequence generation {16a}
Randomization will be performed using random per-
muted blocks with stratification by sex and antihyperten-
sive medication use.

Concealment mechanism {16b}
The randomization allocation will be completed by the 
biostatistician and loaded into the REDCap system, where 
it will be concealed from the study investigators and staff.

Implementation {16c}
After the screening is completed, the study staff will enter 
data into a REDCap form including the inclusion/exclu-
sion criteria and stratification information. The interven-
tionist only will have access to the randomization module 
in REDCap and will complete the randomization and 
notify the participant of his or her assignment.

Assignment of interventions: blinding
Who will be blinded {17a}
The study staff, the PI, and the co-Is who are not directly 
responsible for delivering the intervention will be blinded. Par-
ticipants and the interventionist will be unblinded. The inter-
ventionist will not be involved in the collection of outcome 
measures. The statistician, who creates the randomization 
table and is completing the analyses will also be unblinded.

Procedure for unblinding if needed {17b}
The study has appointed an independent safety moni-
tor, a primary care physician, who is unaffiliated with the 
study and is available to review the adverse events. He 
will be unblinded if necessary and will recommend to the 
study team if a situation arises that unblinding is critical 
to addressing the situation.

Data collection and management
Plans for assessment and collection of outcomes {18a}

Screening measures Participants will complete self-
report measures to evaluate for the presence of elevated 
depressive symptoms and symptoms of common sleep 

disorders on the web/phone prescreening. Partici-
pants who demonstrate elevated depressive symptoms 
(score ≥ 15) on the PHQ-8, moderate severity of restless 
legs (score ≥ 11) on the International Restless Legs Work-
ing Group Questionnaire, or severe insomnia on the 
Insomnia Severity Index [23] and scores ≥ 3 on the STOP 
questionnaire [24] will be excluded. At the baseline/
screening visit (visit 1), participants who are at risk for 
OSA (STOP = 2) will complete one night with the Apnea 
Link monitor (Resmed, Inc.) to screen for the presence 
of obstructive sleep apnea. Participants who have moder-
ate severity or greater OSA (Apnea Hypopnea Index ≥ 15) 
will be excluded from the study. They will be mailed a 
notification letter with screening results recommending 
they discuss the results with their provider.

Outcome measures Primary outcome: Sleep duration at 
8 weeks. Sleep will be measured by 8–10 days of actigra-
phy at baseline/screening, week 8, and 6 and 12 months 
with the Actiwatch Spectrum device (Philips Respironics 
Inc.). Devices will be configured using default settings and 
scored using the Acitware Software (Philips Respironics, 
Inc.). Actigraphy will be manually scored using a stand-
ardized procedure [16]. Participants will be provided with 
verbal and written instructions. Participants will wear 
the Actiwatches for 8–10 days in order to maximize the 
possibility of collecting 7 nights. Data will be considered 
valid if there are at least 5 nights. After the watches are 
retrieved, the research staff will use the Actiware software 
program to calculate the following variables: total sleep 
time, sleep onset time, sleep offset time, sleep duration, 
sleep efficiency, sleep latency, wake after sleep onset, and 
sleep fragmentation index. The staff will be trained on the 
scoring of actigraphy using a standardized procedure of 
readings, hands on practice/demonstration, and recorded 
presentations. Scored of each study file is reviewed by 
study PI Dr. Baron for scoring quality.

Main secondary outcome: 24-h SBP at 8 weeks. We will 
use the validated (AAMI criteria) SpaceLabs 90,207 mon-
itor which is generally considered the “gold standard” 
for ABPM [25, 26]. ABPM for 24 h will be conducted at 
baseline/screening, 8  weeks, and 6 and 12  months fol-
low-up. At each of the three 24-h ABPM assessments, 
the proper BP cuff size will be determined by measuring 
each participant’s arm circumference at the mid-point 
between the acromion and olecranon. Next, the monitor 
will be initialized, and the participant will be fitted with 
a SpaceLabs 90,207 monitor. Participants are instructed 
to hold their arm still (by their side or with their fore-
arm resting on a desk/table when seated) when a read-
ing is being taken. Each participant will be instructed by 
the study coordinator to try to keep their arm still and in 
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the neutral position (which will be demonstrated for the 
participant prior to leaving the visit) from the time that 
she or he feels the arm cuff begin to inflate until it is fully 
deflated. The study staff is trained on ABPM procedures 
by 1:1 demonstration and practice with Dr. Bress, study 
co-I. After demonstrating the ability to place the ABPM 
and instruct participants appropriately, the staff mem-
bers are approved to conduct this study assessment.

Dietary intake will be collected using the ASA-24, an 
online automated 24-h dietary recall system [27]. The 
main measure of diet quality will the HEI-2018 [28], a 
composite measure that uses food groups and nutrients 
collected in diet recall to compute the US dietary guide-
lines into a single measure. Changes in the HEI reflect the 
overall change in the healthfulness of diet. We will also 
compute macronutrients and key food group/diet behav-
iors (e.g., fast food, fruit/vegetable intake) from the ASA-
24 data for use in exploratory analysis.

Objective 24-h physical activity data including seden-
tary behavior will be collected using the ActivPAL4 activ-
ity monitor [18, 19]. This miniature electronic logger is 
validated to classify time spent lying, sitting, standing, 
and intensity of physical activity. The device is placed in 
a waterproof cover and taped to the participants’ mid-
dle anterior aspect of the upper thigh, thus avoiding the 
need to change accelerometer placement when changing 
clothes. A picture will be drawn on the waterproof cover 
to depict the correct orientation of the device. Data will 
be processed and analyzed using the ActivPAL software 
according to standardized procedures and best practices 
[29, 30]. In order to be considered valid data, participants 
must have 5 days with at least 23 h per day. We are using 
separate devices for sleep and physical activity because 
hip/thigh vs. wrist placement is important for measure-
ment of physical activity and sleep [31, 32].

Other measures of cardiometabolic risk will be meas-
ured at screening, week 8, and months 6 and 12 includ-
ing BMI and body fat estimation using a bioimpedance 
scale (Tanita of America, Arlington Heights, IL), waist 
and hip circumference, inflammation (IL-6, CRP), lipids, 
and HbA1c. Training procedures for body measurements 
include 1:1 training and practice with Dr. Baron and sign 
off when the staff member can demonstrate following 
procedures. We will also evaluate the effects on noctur-
nal and diurnal BP and on non-dipping BP status defined 
by ABPM levels as mean nighttime to daytime SBP/DBP 
ratio of > 0.90 [33].

Participants will complete measures of patient-reported 
outcomes at session baseline, week 8, and months 3, 6, 
9, and 12, including the PROMIS sleep disturbance and 
sleep-related impairment [20], sleepiness [34], and mood 
[21]. The PROMIS sleep disturbance and sleep-related 
impairment demonstrate strong internal consistency and 

have been validated to a mean of 50 and SD of 10 points 
[20]. The Epworth Sleepiness Scale [35] is a measure 
commonly used in clinical practice for sleep disorders. 
The Patient Health Questionnaire, 8-item measure [21] 
is highly correlated with clinical diagnoses of depression, 
with scores > 10 associated with elevated depression.

We will assess intervention acceptability and user 
engagement to inform our findings and plan for future 
studies (Fitbit usage, coaching session attendance and 
duration, and email lesson engagement and use surveys 
and open-ended questions at the end of the intervention 
and follow-up periods).

Data collection forms are not posted publicly but will 
be made available upon request.

Plans to promote participant retention and complete 
follow‑up {18b}
Retention for the assessment visits will be handled by the 
study staff. During informed consent, the staff will dis-
cuss with the participants the differences between inter-
vention and assessment as well as the impact of dropout 
on the validity of study results, while also highlighting 
voluntary participation. For participants who drop out of 
the intervention (defined as nonattendance of the coach-
ing or health education calls from that point to the end 
of the intervention period), we will continue to attempt 
to obtain outcome assessments. We will respond with 
empathy and attempt to collect primary outcomes if 
the full assessment is not feasible. Monetary incentives 
include payment for each study component and a $40 
bonus for the completion of all sleep and ABPM time 
points.

Data management {19}
This study will use the secure, web-based Research Elec-
tronic Data Capture (REDCap) for data input. Case 
report forms will be designed to flag out-of-range values. 
When possible, participants will enter data directly into 
REDCap. For forms that need to be manually entered 
(e.g., blood test results, sleep apnea screening), data will 
be double-checked to verify accuracy. Intervention and 
control sessions will be stored on Box, a HIPAA-com-
pliant file storage platform. Access to the study data will 
be limited to the investigators and staff with official roles 
relevant to the study data.

Confidentiality {27}
All investigators and staff will have up-to-date certifica-
tion on confidentiality and privacy throughout the Col-
laborative Institutional Training Initiative (CITI) and 
will have completed additional HIPAA training through 
The University of Utah. Physical documents will be kept 
in folders within locked file cabinets in a locked office. 
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Digital documents will be kept on a HIPAA-compliant 
Box drive or within REDCap. After the trial, data will be 
kept for 7 years following the last publication of the data. 
Names and other identifiable information will not be 
associated with study data. Participants will be assigned 
a screening ID number and when enrolled into the study, 
an individual trial ID number.

Plans for collection, laboratory evaluation and storage 
of biological specimens for genetic or molecular analysis 
in this trial/future use {33}
We will collect and store serum for targeted metabo-
lomics analyses to evaluate whether changes in sleep 
affect biomarkers related to Alzheimer’s disease risk.

Statistical methods
Statistical methods for primary and secondary outcomes 
{20a}
The primary outcome of the proposed study is the change 
in the mean sleep duration from baseline to 8  weeks. 
The study sample size has been determined based on 
the primary analysis of covariance (ANCOVA) that will 
compare mean sleep duration at 8 weeks, with statistical 
adjustment for the baseline sleep duration and the sex 
and age randomization strata. The proposed ANCOVA 
approach is recommended for the evaluation of treat-
ment effects on continuous outcomes in randomized tri-
als because it optimally accounts for random imbalances 
in the outcome at baseline and regression to the mean, 
thus providing superior statistical power compared to 
the analyses of change scores or follow-up scores without 
adjustment for baseline levels [36].

The main secondary outcome for this study is the 
change in SBP from baseline to 8  weeks. Evaluation of 
the 24-h SBP outcome at 8  weeks will assure that few 
patients will have modified their antihypertensive medi-
cation regimen over the 8-week interval prior to the pri-
mary outcome assessment.

Evaluation of the 24-h SBP outcome at 8  weeks will 
assure that few patients will have modified their antihy-
pertensive medication regimen over the 8-week inter-
val prior to the primary outcome assessment. Similar 
ANCOVA models as used with sleep duration will also 
be used to evaluate the acute effects on this and other 
numeric secondary and tertiary outcomes.

We will use linear mixed models [37, 38] to analyze 
changes in sleep duration, BP measures, sleep, and other 
numeric tertiary outcomes over all follow-up visits, 
including the 8-week and 24-week assessments. These 
analyses will evaluate the persistence of treatment effects 
over the full 24-week follow-up period and will allow us 
to utilize all data collected (i.e., baseline, 8  weeks, and 
24 weeks) while allowing for within-subject variation.

Interim analyses {21b}
There are no interim analyses planned for this study.

Methods for additional analyses (e.g., subgroup analyses) 
{20b}
In addition to our primary analyses, we plan to analyze 
the results of participants who completed the interven-
tion per protocol, in that they attended all the coaching or 
health education sessions. We will also conduct explora-
tory analyses based on clinically significant improve-
ments in sleep and analyze the results among participants 
in the intervention group that extended their sleep dura-
tion by at least 30 min and for those who met criteria at 
8 weeks of having sleep duration over 7 h. Finally, we plan 
to test the impact of obstructive sleep apnea as a mod-
erator of sleep and cardiometabolic outcomes. We will 
conduct moderator analyses of participants to test the 
results of the intervention among participants with mild 
obstructive sleep apnea (5–15 apneas per hour at screen-
ing) compared to those with < 5 events per hour.

Methods in analysis to handle protocol non‑adherence 
and any statistical methods to handle missing data {20c}
We plan to apply multiple imputation to impute missing 
outcome data, using comprehensive imputation models 
that include both non-missing measurements from the 
variables included in the data analysis as well as additional 
auxiliary variables that are considered to be predictive 
either of the risk of missingness or the values of the vari-
ables whose missing values are being imputed. The multi-
ple imputation approach has been established as superior 
to alternatives, including complete case analysis or simpli-
fied ad hoc single imputation approaches [39, 40].

Plans to give access to the full protocol, participant‑level 
data, and statistical code {31c}
De-identified data and a codebook will be provided upon 
written request to the contact PI (Dr. Baron).

Oversight and monitoring
Composition of the coordinating centre and trial steering 
committee {5d}
This study does not have a coordinating centre or trial 
steering committee. Dr. Baron and Dr. Duffecy (co-PIs) 
are jointly responsible for the conduct of the study. Dr. 
Baron is the contact PI and is responsible for the day-
to-day study operations, overseeing the local study staff 
who are conducting recruiting and data collection activi-
ties and responsible for communications with NIH. Dr. 
Duffecy is responsible for the coaching component of 
the study, including overseeing the training of the study 
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coach and conducting fidelity assessments of the inter-
vention and control groups. The executive team will meet 
monthly and is led by Dr. Baron and includes Dr. Duf-
fecy and the co-PIs as well as the project coordinator and 
staff. The study operations team, including Drs. Baron, 
Duffecy, the biostatistician (Dr. Allen), study coordina-
tor, and research assistant, will meet weekly to review 
the study progress and proactively address any potential 
issues or slowdowns. The data management team (led 
by Randy Madsen) consists of the University of Utah 
Biomedical Informatics Core (BMIC), the statistician 
(Dr. Allen), and co-I/senior statistician, Dr. Greene. This 
team provides administration and technical staff to sup-
port the development of case report forms in REDCap, 
as well as automated prompt, reminders, randomization 
modules, and overseeing blinding in the study database. 
The recruitment and data collection will be conducted by 
the study coordinator and research assistant. Their day-
to-day activities will be supervised by Dr. Baron, who is 
on site at the research office. There is not a formal stake-
holder and public involvement group in this trial.

Composition of the data monitoring committee, its role, 
and reporting structure {21a}
Due to the low-risk nature of the study, there is no data 
monitoring committee. The study team has appointed 
an independent safety monitor to review any potential 
adverse events during the study.

Adverse event reporting and harms {22}
Given the non-invasive nature of the intervention, no 
new adverse events are expected. Adverse events will be 
assessed at each study visit and between visits if reported 
during the study period. Adverse events will be reported 
according to the standard procedures. The team will 
review such events and rate them as likely, possible, or 
unlikely in relation to study interventions. Any unex-
pected serious adverse events or unanticipated problems 
involving risks to participants that are possibly related 
to the study will be promptly reported to the PI, safety 
monitor, IRB, and assigned NINR program officer in 
accordance with relevant rules and regulations. Inves-
tigators will submit yearly progress reports to IRB and 
NINR summarizing data and safety monitoring activities, 
including adverse events deemed expected or unrelated 
to the study and protocol.

Frequency and plans for auditing trial conduct {23}
The study investigators will submit an annual report to 
the study sponsor (National Institute of Nursing) includ-
ing details of enrollment in the past year, progress on the 
study aims, and any barriers to completing the study. The 
study progress will be reviewed by NIH via the yearly 

progress report. The team will also submit a yearly report 
to the University of Utah Institutional Review Board 
(IRB). The team will internally audit the study records 
yearly throughout the trial period.

Plans for communicating important protocol amendments 
to relevant parties (e.g., trial participants, ethical 
committees) {25}
Plans for protocol modifications will first be approved 
by the sponsor (NIH). Then, any modifications will be 
approved by the IRB and updated in ClinicalTrials.gov. 
Participants will be notified of the protocol changes, if 
applicable, at their next study visit, where they will com-
plete an updated informed consent form if necessary. 
Any protocol deviations will be documented in the pro-
tocol deviation form and reported to the IRB.

Dissemination plans {31a}
The study team will share updates to the participants 
approximately quarterly and will send a result summary 
at the end of the study. The results of the study will be 
presented at international conferences and publications 
in peer-reviewed journals. The team will work with their 
institutions and use social media to highlight the presen-
tations and publications from this study.

Discussion
This study aims to test the effects of a real-world behavio-
ral sleep extension intervention on sleep and cardiometa-
bolic health among adults with elevated BP/stage I/II 
hypertension and short sleep duration. Despite the effec-
tiveness of other behavioral sleep medicine treatments, 
such as cognitive behavioral therapy for insomnia (CBT-
I) [41], there are limited interventions to extend sleep 
among individuals with short sleep duration. Therefore, 
results of this intervention have the potential to translate 
behavioral sleep interventions to a sleep problem that is 
common, associated with mental and physical health and 
currently not served by existing interventions.

The main feature of our intervention is the use of 
coaching combined with wearable technology to moti-
vate behavior change. In our previous research, the use 
of consumer sleep technology was rated as highly desir-
able to individuals with short sleep duration and, in our 
intervention development, was rated as the most enjoy-
able aspect of the study [42, 43]. The addition of the 
coach is a critical aspect of this treatment. Prior research 
from our laboratory and others suggests that a wearable 
device alone is not sufficient to change sleep [44]. The 
coaching protocol is designed based on the principles of 
supportive accountability, which includes that the coach 
is knowledgeable and supportive but also someone who 
will hold the participant accountable for their behavior 
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[45]. As such, the combination of the wearable device and 
a supportive person who is viewing and discussing the 
data with the participant has been successful in our pilot 
studies in motivating behavior change.

An important limitation to note is that this intervention 
focuses on extending sleep among individuals who are able 
to extend their sleep opportunity. We acknowledge that 
the causes of short sleep duration are multifactorial, and 
only some aspects are modifiable. Particularly relevant to 
communities of color, longstanding structural barriers 
affect sleep contributing to disparities cardiometabolic dis-
ease risk [46]. Substantial barriers faced by individuals due 
to work schedules, child care, and time spent using public 
transportation are all less modifiable than volitional causes 
of short sleep duration including bedtime procrastination 
and leisure activities such as watching TV [47].

In summary, the results of this study will demonstrate 
the short-term (8  weeks) and longer-term (12  months) 
effects of behavioral sleep extension. Future research is 
needed to study in other populations, biopsychosocial 
contributors to individual differences in who can and 
cannot extend sleep and also to understand interventions 
geared toward maintenance of behavior change.

Trial status
Protocol ver 1.0 (date 06/28/23).

Recruitment began: 3/15/2021.
Anticipated recruitment completion date: 1/1/2024.
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