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Study Objectives: Short sleep duration contributes to hypertension, yet few behavioral sleep extension interventions have been developed. The goal of our
study was to evaluate the feasibility and preliminary efficacy of a technology assisted sleep extension intervention among individuals with prehypertension/stage 1
hypertension on sleep, blood pressure and patient reported outcomes.
Methods: Adults aged 30–65 with 24h ambulatory blood pressure (ABP) > 120/80 mmHg and average weekday sleep duration < 7 h/night were randomized
2:1 to a 6-week technology assisted intervention versus a self-management control group. The intervention included a wearable sleep tracker, smartphone
application, weekly didactic lessons and brief telephone coaching. The control group was instructed to maintain their current sleep schedule. Data were analyzed
using descriptive statistics and nonparametric statistics to evaluate differences in between groups as well as prepost changes within each group. We also
conducted bivariate correlations to evaluate predictors of change in sleep and ABP.
Results: A total of 16 adults were randomized into the study (11 intervention, 5 control group, 8 women, mean age 45.8 years, standard deviation 9.8 years.)
Results at 6-week follow-up demonstrated greater improvement in the intervention group for total sleep time (P =.027), reductions in 24-hour systolic blood pressure
(P = .013) and diastolic blood pressure (P = .026), improvements in sleep disturbance (P = .003) and sleep-related impairment (P = .008). Participants in the
intervention group completed 90% of the coaching sessions and rated the enjoyment of the intervention as 4 or 5 out of 5.
Conclusions:Technology assisted sleep extension intervention is feasible andwell liked in this population. Results demonstrate the potential for this intervention
to improve sleep duration, quality and 24-hour ABP.
Keywords: sleep extension, sleep duration, hypertension, ambulatory blood pressure
Citation: Baron KG, Duffecy J, Richardson D, Avery E, Rothschild S, Lane J. Technology assisted behavior intervention to extend sleep among adults with short
sleep duration and prehypertension/stage 1 hypertension: a randomized pilot feasibility study. J Clin Sleep Med. 2019;15(11):1587–1597.

BRIEF SUMMARY
Current Knowledge/Study Rationale: Short sleep duration contributes to poorer physical and mental health but few studies have developed interventions
to extend sleep. In this study, we conducted a pilot feasibility study of a technology assisted sleep extension intervention that uses a consumer wearable,
interactive smartphone app, didactic lessons and brief telephone coaching.
Study Impact: Results of this study demonstrate that this intervention was well received and can extend sleep among individuals with short sleep duration
and hypertension. Extending sleep duration with this intervention reduced 24-hour ambulatory blood pressure and improved daytime functioning in
this population.

INTRODUCTION

Nearly 1 in 3 American adults have hypertension and over half
of individuals with hypertension do not have this condition
controlled.1 Given that hypertension is the leading contributor
to cardiovascular death and stroke, improving control of
hypertension is a major public health priority.2 Lifestyle in-
terventions such as diet and exercise are important components
in the prevention and treatment of hypertension.3 Short sleep
duration is common and a potentially modifiable contributor to
hypertension. There is growing support from experimental and
epidemiologic studies that short sleep duration is a causal factor

in hypertension.4 It is reported that 70.1 million adults in the
United States sleep < 6 hours on weekdays.5 However, few
studies have focused on developing interventions to extend
sleep duration as a method to reduce blood pressure.

Previous sleep extension interventions have focused on
whether extending sleep improves physiological outcomes. As
is appropriate in the foundational studies that lead to intervention
development, these first studies have used high intensity, one-
on-one interventions such as sleep logs, face-to-face educa-
tional visits and between session phone calls to encourage
patients to extend their time in bed.6 One study of individuals
with prehypertension/stage 1 hypertension extended sleep by
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35 minutes and demonstrated a blood pressure reduction of
14 mmHg systolic blood pressure (SBP)/8 mmHg diastolic
blood pressure (DBP)7 on average. Other studies have dem-
onstrated improvements in metabolic measures,8 appetite and
dietary behaviors.9,10 Given these promising results, research is
needed to translate these experiments to scalable behavioral
interventions that rely less on individual, face to face in-
tervention and also motivate sustained sleep behavior change.

Toward this end, we have focused our intervention devel-
opment process on using consumer sleep trackers to motivate
changes to sleep duration. Consumer sleep trackers provide an
opportunity to deliver sleep interventions in an engaging for-
mat. Sales of consumer sleep trackers are rapidly increasing and
sleep is one of the top behaviors that consumers want to
measure.11 We have developed a technology assisted behav-
ioral sleep extension intervention that employs four elements—a
wearable sleep tracker, didactic content, interactive smartphone
featuresandbrief telephonecounseling.12 The intervention is based
on principles of cognitive behavioral therapy13 andmotivational
interviewing14 using techniques such as goal setting and sup-
portive accountability.15 Our initial user testing demonstrated
that our intervention was usable and engaging to participants.12

Their feedbackwas used to hone the intervention andprepare for
a longer study among patients with chronic illness.

Therefore, the goal of this study was to conduct a pilot study
to evaluate the feasibility and preliminary efficacy of a 6-week
sleep extension intervention among individuals with short
sleep duration and prehypertension/stage 1 hypertension. The
goal of this study was to explore the package intervention
composed of elements that have been previously effective in
other technology assisted interventions.16,17 If our intervention
is effective, the next steps would be to evaluate efficacy of
individual components to optimize the intervention.We present
details on recruitment of this population, intervention usage,
preliminary efficacy of our intervention for sleep and quality of
life, and predictors of sleep improvement. Our hypothesis was
that our technology assisted sleep extension intervention would
be well liked and effective at extending sleep by 30 minutes or
more. We also predicted improvements in blood pressure and
daytime function.

METHODS

Design Overview
This was a randomized pilot feasibility trial with a 2:1 allo-
cation ratio. The 2:1 allocation ratio was chosen to afford
collection of as much data on the intervention as deemed
scientifically reasonable.

Participants
Inclusion criteria were age 30–65 years, blood pressure ≤ 120–
159/80–99 mmHg on 24-hour ambulatory blood pressure
(ABP) monitoring, average workday sleep duration < 7 hours
measured on wrist actigraphy, < 8 hours in bed, and a smart-
phone user. Exclusion criteria included (1) high risk or presence
of sleep disorders, including obstructive sleep apnea (OSA),
restless legs syndrome (RLS), or insomnia as assessed by
history or screening questionnaires; (2) history of cognitive or
neurological disorders; (3) presence of any major psychiatric
disorder (eg, bipolar I, schizophrenia), current alcohol or
substance abuse; (4) unstable or serious medical illness; (5)
work hours midnight to 5:00 AM > 1 time/mo or travel over 2
time zones in the past 6 months; (6) Use of antihypertensive
medications; (7) inability to read and write English; (8) preg-
nancy or desire to become pregnant during the study period; (9)
significant environmental factors disturbing sleep (eg, ≥ 4
awakenings/wk due to caregiving responsibilities); and (10)
body mass index ≥ 50 kg/m2 because of difficulty obtaining ABP
readingswith large arm circumference. This studywas approved by
theRushUniversityMedical Center IRB (IRB# 16092701) and all
participants provided written informed consent.

Procedure
The procedure for this study is illustrated in Figure 1.

Data Collection
Study data were collected and managed using REDCap
electronic data capture tools hosted at Rush University
Medical Center.18 REDCap (Research Electronic Data Cap-
ture) is a secure, web-based application designed to support
data capture for research studies, providing (1) an intuitive
interface for validated data entry; (2) audit trails for tracking
data manipulation and export procedures; (3) automated export
procedures for seamless data downloads to common statisti-
cal packages; and (4) procedures for importing data from
external sources.

Recruitment
Participants were recruited via flyers posted in and around Rush
University Medical Center and through targeted letters to pri-
mary care patients at Rush University Medical Center. Letters
were sent to primary care patients ages 30–65 who had at least
one elevated blood pressure reading (> 120/80 mmHg) in the
past 6 months. Records were excluded if the patient was taking
antihypertensive medications, had a diagnosis of insomnia or
OSA or if they were taking hypnotic medications. We sent lists
of patients to their respective primary care physician for review
before mailing letters, in order to avoid sending inappropriate

Figure 1—Study procedure and visit schedule.
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letters (eg, patient recently moved, had a major illness or was
deceased in the past 6 months). After letters were mailed to
potentially eligible patients, study staff followed up with a
phone call and/or email to provide study information and
conduct further screening if the patient was interested.

Prescreening
We verified inclusion criteria based on a two step screening
process. First, participants completed a brief prescreening either
online or over the phone to assess for self-reported sleep du-
ration, medications and comorbid medical and psychiatric
conditions. We initially only assessed for self-reported sleep
disorders at prescreening, but after beginning the trial, we
moved the questionnaires to assess for insomnia, OSA and RLS
symptoms to the prescreening phase. Second, thosewhomet the
initial prescreening criteria were scheduled for a 1-hour inclusion
assessment visit in the research office. This visit included
consent procedures, pretreatment questionnaires, standardized
measurements of height, weight, waist and hip circumference
and in-office blood pressure.

Inclusion Assessment
The second step of the screening process was used to verify the
inclusion criteria also served as the baseline study visit. Par-
ticipants completed additional baseline study questionnaires,
were trained in the use of the ABP monitor and Actiwatch
Spectrum Plus (Philips Respironics, Murrysville, Pennsylva-
nia, United States), and sent home for a 7-day assessment. At the
endof the 7-dayperiod, the participant returned to the laboratory
for download of the blood pressure and Actiwatch. If eligible
and willing to enroll in the study, participants were randomized
at this visit and participants in the intervention group were
trained on the set up of the sleep tracker (Fitbit Flex 2, Fitbit,
Inc., San Francisco, California, United States).

Randomization
Participantswere randomized on a 2:1 ratio, intervention to self-
management control groups, using a random number generator
in random permutated blocks of 4 and 6. Assignments were
prepared by the study statistical programmer (EAM), placed in
sealed envelopes and provided to the study research assistant.

Intervention
The 6 week intervention involved 4 components—(1) a wearable
sleep tracker, (2) interactive smartphone application, (3)
weekly didactic content, and (4) brief telephone coaching
to facilitate adherence.

1. Wearable sleep tracker: Participants received the Fitbit
Flex 2 and were instructed to wear the device both day
and night and charge weekly. They were told that their
study coach would be able to view their data.

2. Smartphone application: Participants downloaded the
Fitbit application on their smartphone at the inclusion
assessment visit. Theywere also provided a study log-in
and participant ID to allow secured and confidential
study communications. Their assigned study coach was
also provided with the participant log-in information, in
order to view participants’ data.

3. Didactic content: Participants received weekly didactic
information in the form of a study newsletter via
email as part of the program. Topics included importance
of sleep, techniques to avoid bedtime procrastination,
stress and sleep, coping with challenges, optimizing
your sleep environment, sleep and the brain and
maintaining your gains.

4. Brief telephone coaching: Participants received brief
weekly coaching from a study coach (KB). The first
coaching session was a 20-minute engagement session,
which included introductions, rationale for the
program, reviewof baseline sleep data, clarifying roles of
the coach and setting the participants’ goals for the
program. Participants were encouraged to increase
time in bed by at least 1 hour or up to 8 hours of time in
bed. They were also encouraged to increase consistency
of their sleep schedule. In the remaining weeks, the
coaching consisted of a brief phone call (approximately
5 minutes) to review the weekly data and troubleshoot
any barriers toward their goals.

Control Group
Consistent with the objective of a pilot/feasibility trial, we
selected a weak comparison group.19 Participants assigned to
sleep maintenance control group were instructed to maintain
their baseline sleep schedule throughout the study but were not
monitored or given specific instructions beyond the verbal
request. They were eligible to receive the intervention com-
ponents at the end of the study (email content, coaching
and Fitbit). This control group was selected to determine the
degree to which sleep duration changes by enrolling in
a research study.

Blinding
Due to the size of this pilot study, participants, coaches and
study staff were not blinded.

Sample Size Determination
The sample size was planned to enroll 30 participants, as this
was deemed a reasonable number of participants to provide
adequate data on feasibility. The study was ended at 16 par-
ticipants due to the end of the funding period.

Screening Measures
STOP questionnaire20 was administered to screen for high risk
of obstructive sleep apnea. In this 4 item question, participants
who answer positively to 2 of the 4 yes/no items (snoring, tired,
observed apneas or high blood pressure) are considered high
risk for OSA.

Insomnia Severity Index21 was administered to screen for
insomnia symptoms. In this 7-item questionnaire, participants
respond on 5-point items ranging from 0 (no problem) to 4
(very severe problem). Scores range from 0 to 28. Partici-
pants with scores ≥ 22–28 were excluded due to severe
insomnia symptoms.

International Restless Legs Questionnaire (IRLSQ)22 was
administered to screen for symptoms of RLS. On this 10-item
questionnaire, participants respond to questions about the
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presence and severity of RLS symptoms using a Likert scale
from 4 (very severe) to 0 (none).

Depressive symptoms were measured via the Patient Health
Questionnaire, 8 items (PHQ-8).23 This 8-item measure has the
same items as the 9-item questionnaire, but the suicide item is
removed. The PHQ-8 scores range from 0–24, with scores ≥ 10
indicating elevated depressive symptoms.23 Participants com-
pleted the PHQ-8 at screening/baseline and again at the end of
the intervention to assess for change in mood.

Demographics, Health History and Medications
Participants provided their age, sex, race, ethnicity, income,
marital status, current medical conditions and medications by
self-report.

Sleep Measures
Sleep wake pattern was measured using 7 days of wrist
actigraphy using the Actiwatch Spectrum Plus conducted at the
inclusion assessment/baseline session and again at the 6-week
post intervention visit. Actiwatches were set with default set-
tings for 30-second epochs and scored by study staff using a
standardized protocol inActiware software (version 6.0, Philips
Respironics).24 Variables calculated included sleep onset time,
sleep offset time, total sleep time (TST), wake after sleep onset
(WASO), time in bed (TIB) and sleep efficiency (SE). Partic-
ipants needed at least 4 valid days to be included in the analyses.
The pre and post variables were calculated using matched days
to account for a similar number of work and free days in each
time period.

Figure 2—CONSORT diagram.

BP = blood pressure.
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Blood Pressure
Participants’ 24-hour ABP was measured using the SpaceLabs
OnTrak 90217A Ambulatory Blood Pressure Monitor (ABPM;
Spacelabs Healthcare, Hertford, United Kingdom) and scored
using the SpaceLabs Sentinal 10 software (Spacelabs Health-
care). ABPM were programmed to take readings at random
times every 20 minutes in the daytime 7:01 AM to 11:00 PM and
every 30 minutes from 11:01 PM to 7:00 AM. The software
provides summaries of 24-hour SBP, DPB as well as daytime
SBP, DBP, night SBP, DBP and % dipping. Participants wore
the ABPM for 1 night at the inclusion assessment/baseline and
postintervention session (6 weeks). Profiles were considered
valid if there were at least 14 daytime readings and 7 reading
at night.25

Standardized automated oscillometric blood pressure was
also recorded at the baseline and 6-week follow-up visits us-
ing an Omron Series 7 Upper Arm Blood Pressure Monitor

(Omron,Kyoto, Japan). Participants remained seated for at least
10 minutes. A total of 3 blood pressure recordings were taken
and these values were averaged to obtain one value for pre and
post in-office blood pressure.

Other Physical Measures
Participants’ height and weight was recorded using a stan-
dardized protocol at baseline and 6-week follow-up. Partici-
pants’ weight was recorded in light clothing, without shoes.
BMI was calculated as weight in kg divided by height in m2.

Patient-Reported Outcomes
Daytime sleepiness was measured by the Epworth Sleepiness
Scale.26 In this 8-item questionnaire, participants respond from
0–3 the likelihood of falling asleep in different situations in
daily life. Scores range from 0–24 and scores ≥ 10 are con-
sidered excessive daytime sleepiness.27

Table 1—Participant characteristics.

Variable Intervention (n = 11) Control (n = 5) All (n = 16)

Age, years 49.0 (41.0, 58.0) 36.0 (32.5, 45.0) 45.5 (36.5, 55.8)

Sex 8 women 0 women 8 women

3 men 5 men 8 men

Race

Asian 0 1 1

Native Hawaiian/Pacific Islander 0 1 1

Black 4 0 4

White 6 3 9

Other 1 0 1

Ethnicity

Hispanic/Latino 1 0 1

Non-Hispanic/Latino 10 5 15

Marital status

Single, never married 4 1 5

Married or partnered 3 4 7

Divorced 4 0 4

Employment

Full time 9 5 14

Part time 1 0 1

Unemployed 1 0 1

Education

Some college 3 0 3

Bachelor’s degree 5 3 8

Graduate degree or more 3 2 5

ISI 8 (7, 13) 9 (4, 12) 9 (7, 13)

ESS 8 (2, 12) 6 (3, 13) 7 (3, 12)

BMI, kg/m2 26.9 (25.0, 32.5) 26.7 (25.2, 29.8) 26.8 (25.0, 30.0)

24-hour SBP, mmHg 130.0 (123.0, 137.0) 119.0 (117.5, 129.5) 127.5 (121.3, 134.3)

24-hour DBP, mmHg 81 (79, 85) 83 (76, 87) 82 (79, 85)

TST, hours 6.1 (5.7, 6.4) 6.1 (5.2, 6.4) 6.1 (5.7, 6.4)

Data presented asmedium (quartile 1, quartile 3) or n. BMI = bodymass index, DBP = diastolic blood pressure, ESS =Epworth Sleepiness Scale, ISI = Insomnia
Severity Index, SBP = systolic blood pressure, TST = total sleep time (baseline sleep duration on actigraphy).
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Sleep quality and daytime sleepiness were measured by the
PROMIS (Patient-Reported Outcomes Information System) Sleep
Disturbance and Sleep Related Impairment scales.28 These scales
were developed as part of the National Institute of Health Roadmap
initiative. Scores are presented as t scores, with average of 50 and
standard deviation of 10. Scores ≥ 60 are considered elevated.

Adherence and Usage
Adherence and usage was measured using attendance to the
phonesessionsanddayswithFitbitusage.Participantswereasked to
complete free text questions to solicit their feedback on the ap-
pearance, layout, reading level, content, helpfulness of lessons and
coaching sessions and intervention. They also rated from 1 (not at
all) to 5 (verymuch) howmuch they liked the intervention and how
easy it was to participate in the intervention.

Data Analysis
Data were analyzed in SPSS version 23 (IBM Corp., Armonk,
New York, United States) using descriptive statistics and
nonparametric statistics to evaluate prepost changes. Mann-
WhitneyU tests were used to compare average prepost changes
between the intervention group and the self-management
control group. Wilcoxon signed ranks tests were used to as-
sess within group prepost changes for each group separately. A
30minute increase in sleep durationwas set as the threshold for
clinically significant improvement; the % achieving this level
of improvement was compared between groups using chi
square tests. Finally, bivariate correlations were used to assess
change in sleep andABPvariables. Statistical significancewas
defined as P < .05 based on two-tailed tests.

RESULTS

Recruitment and Screening
The CONSORT diagram is listed in Figure 2. Participants were
recruited from March 2017 to June 2018. We conducted phone

or web prescreening among 502 potential participants. Our
mailing campaign resulted in the largest number of participants
prescreened. We mailed letters to 1,267 potential participants
and were able to contact 90% by phone or email. A total of 387
potential participants completed prescreening over the phone or
web. An additional 117 participants contacted us via flyers to
participant in prescreening. A total of 62 of those prescreened
were eligible for in person screening. The most common reason
for screening out of the study was failure to meet the ABP
criteria. Of the 4 participants who were not interested in con-
tinuing, 2 dropped out due to discomfort of the ABP monitors
and 2 stated they were too busy to continue.

Participant Characteristics
A total of 16 participants were randomized into the study.
Participant characteristics are listed in Table 1. Average age of
the study participants was 45.8 years. All participants whowere
randomized completed the study. One participant in the in-
tervention group only completed the ABPM at 6-week follow-
up and not actigraphy or questionnaires. Despite use of
randomization procedures, age in the intervention group was
older and there were fewer women in the self-management
group. The majority of participants in this study were working
full time and most had a bachelor’s degree or graduate degree
education. The average score on the ISI was in the “sub-
threshold” range for insomnia and the ESSwas below the cutoff
for excessive sleepiness.

Change in Sleep
Change in sleep variables for the intervention and self-
management groups are listed in Table 2. Approximately
half of the participants in the intervention group met criteria for
clinically significant improvement (+TST≥30minutes, 5 out of
11 or 45.5%) and 1 participant in the self-management
group met criteria for improvement (20%). There was signifi-
cantly greater change in the intervention compared to the
self-management group for TST, (P= .027;Figure 3A).When

Table 2—Change in actigraphy variables.

Variable
Intervention (n = 11) Control (n = 5)

Pre Post Change Pre Post Change

Bedtime
(HH:MM)

23:24 (22:45, 00:05) 23:12 (22:26, 23:30) −00:26 (−00:55, 00:16) 23:03 (22:26, 01:18) 23:12 (22:22, 24:25) −00:08 (−01:20, 00:33)

Wake time
(HH:MM)

06:02 (05:45, 06:41) 06:07 (05:54, 06:48) 00:04, (00:00, 00:25) 05:56 (05:40, 07:31) 06:05 (04:52, 07:44) 00:07 (−01:17, 00.44)

TIB, hours 7.04 (6.61, 7.34) 7.50 (7.28, 7.88) * 0.56 (0.25, 0.78) 7.00 (5.78, 7.57) 7.20 (5.95, 7.69) 0.30 (−0.18, 0.38)

WASO,
minutes

32.5 (26.4, 42.5) 35.7 (26.2, 54.5) 1.3 (−0.7, 6.8) 25.0 (14.3, 35.5) 24.1 (23.2, 39.6) 9.8 (−4.5, 11.9)

TST,
hours

6.11 (5.74, 7.10) 6.57 (5.71, 7.10) † 0.57 (0.26, 1.07) ‡ 6.10 (4.86, 7.74) 6.45 (5.17, 6.63) 0.08 (−0.02, 0.34)

SE, % 85.2 (76.2, 88.1) 86.8 (82.2, 90.8) * 2.6 (0.7, 5.4) 86.6 (85.9, 89.9) 89.1 (83.4, 90.9) 0.9 (−4.7, 4.0)

Data presented as medium (quartile 1, quartile 3). Actigraphy data were missing for one participant in the intervention group. These data were conservatively
imputed with the assumption of no change, and the baseline values were carried forward for these analyses. * Significant change within group,Wilcoxon signed
rank sum test, P < .05, † Significant change within group, Wilcoxon signed rank sum test, P <.01. ‡ Significant between group change, Mann Whitney U test,
P < .05. SE = sleep efficiency, TIB = time in bed, TST = total sleep time, WASO = wake after sleep onset.
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prepost change within each group was evaluated separately, par-
ticipants in the intervention group demonstrated significant prepost
changes for TIB (P = .017), TST (P = .005) and SE (P = .033;
Figure 3B). Therewas a nonsignificant trend for change in bedtime
(P= .08) andwere no significant changes inwake time orWASO.
Participants in the self-management group did not demonstrate
significant prepost changes in any of the actigraphy variables.

Change in Blood Pressure
Change in ABP variables for the intervention and self-
management groups are listed in Table 3. There were signifi-
cantly greater changes for 24-hour SBP and DBP in the
intervention group compared with the self-management group
(P = .026; Figure 4A and Figure 4B). When we evalu-
ated within group prepost changes, the intervention group

demonstrated a decrease in 24-hour SBP (P = .007), 24-hour
DBP (P = .008), daytime SBP (P = .004), and daytime DBP
(P = .007). There were no significant prepost changes in the
self-management group.

Patient-Reported Outcomes
Participants in the intervention group demonstrated greater
improvements in sleep quality including decreased scores on
sleep disturbance (P = .003) and sleep related impairment
compared with the self-management group (P = .008). Par-
ticipants in the intervention group also demonstrated significant
within group prepost changes in the other patient-reported
outcome measures including decreased depressive symptoms
(P = .024), decreased sleep disturbance (P = .008) and sleep-
related impairment (P = .017; Table 4).

Figure 3—Change in actigraphy variables.

Participants in the intervention group are depicted in black lines and participants in the control group are depicted in gray lines. The dashed lines indicate the
median change in the intervention and control groups. (A) Prepost changes in TST. There was significant between group change in TST (P = .027) as well as
within group change in the intervention group (P=.005). (B)Median change score in TST in the intervention versus control groups. (C)Prepost changes in sleep
efficiency. There was a significant prepost change for the intervention group in SE (P = .033) and no change in the control group. (D) Median change in sleep
efficiency in the intervention versus control groups. TST = total sleep time.
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Other Changes
There were no significant between or within group changes in
BMI, in-office SBP or DBP.

Predictors of Improvement in Sleep and
Blood Pressure
The predictors of change in TST were change in TIB (r = .66,
P = .008) and change in SE (r = .60, P = .014). Change in
WASO, bedtime and wake time were not associated with
change in TST. None of the actigraphic change variables pre-
dicted change in 24-hour blood pressure.

Intervention Adherence, Usage and
Participant Feedback
Participants in the intervention group wore the Fitbit for
85% to 100% of study days and completed 90% of
coaching sessions. Nine of the 11 participants answered the
exit survey questions. Participants reported the layout was
appealing (“nice layout”) and there were no reports of
problems with reading level or understanding the lessons.
Participants were asked if the intervention was too long, too
short or just right, all participants responded the intervention
length (6 weeks) was “just right.” When asked if the coaching
sessions were helpful, all except 1 participant responded “yes”
and some added free text such as “very very helpful” and
“knowing I was being monitored helped the most.” The par-
ticipant who responded “no” wrote “She gently led me to
consider what I was already doing.”One participant indicated it
was hard for her to find the time for phone for coaching, and
recommended text-based coaching would be easier. All par-
ticipants reported they liked the intervention (rated 4 or 5 out of
5) and ease of the interventionwas reported as 4 and 5 by 8 out of
9 participants. One participant rated ease of the intervention
as a 3.

DISCUSSION

Our overarching goals is to develop the behavioral science
of sleep extension. Despite the established role of short
sleep duration in hypertension, few studies have tested
behavioral sleep extension interventions in this population.
The goal of this study was to test the feasibility of a tech-
nology assisted sleep extension intervention among par-
ticipants with short sleep duration and prehypertension/
stage 1 hypertension. In contrast to prior sleep extension
studies, we are focused on developing a theory-based in-
tervention that can be widely disseminated. Previous sleep
extension studies have largely viewed sleep extension as an
experimental manipulation, thus focusing on the important
mechanistic question of whether extending sleep will im-
prove physiological variables. The details of the techniques
used to extend sleep in prior studies are not reported or
linked to behavior change theory. For example, Haack
and colleagues described their intervention for partici-
pants as “given bedtimes that started 30 minutes earlier
and ended 30 minutes later than their usual lights out/lights
on times.” Participants in both groups were provided with a
sleep hygiene handout (contents not reported) and the PI or
other staff provided weekly phone calls to enhance adherence.
Our technology assisted intervention also used goal set-
ting and weekly telephone check-ins. The innovation is the
use of a wearable to increase enjoyment and supportive
accountability15 and delivery of structured content based in
cognitive behavioral therapy and motivational interviewing.
Based on our development testing in this study and others, the
wearable sleep tracker was integral to making the intervention
enjoyable and engaging.12 This project is the first randomized
field test of our intervention and allowed us to evaluate feasi-
bility of our recruitment strategy and screening processes,
preliminary efficacy of the intervention in a patient population

Table 3—Ambulatory blood pressure.

Variable
Intervention (n = 11) Control (n = 5)

Pre Post Change Pre Post Change

Overall

SBP (mmHg) 130 (123, 137) 127 (118, 129) * −9 (−13, −4) ‡ 119 (118, 130) 119 (117, 130) 0.0 (-1.5, 1.5)

DBP (mmHg) 81 (79, 85) 77 (73, 81) * −5 (−6, −3) ‡ 83 (77, 87) 81 (76, 85) −2.0 (-3.0, 0.5)

Day

SBP (mmHg) 137 (129, 147) 126, (123, 135) * −10 (−14, −7) 123 (123, 134) 126 (121, 134) 0.0 (−4.5, 0.5)

DBP (mmHg) 88 (84, 91) 82 (77, 85) * -6 (-9, -3) 86 (83, 90) 86 (79, 89) −2.0 (−4.5, 0.5)

Night

SBP (mmHg) 111 (105, 130) 110 (105, 117) −2 (−10, 2) 114 (105, 117) 115 (104, 123) 2.0 (−1.5, 5.5)

DBP (mmHg) 69 (66, 74) 69 (64, 75) 1 (−2, 4) 76 (63, 80) 76 (66, 81) 1.0 (0.5, 3.0)

Dippers

SBP (n) 9 10 – 4 2 –

DBP (n) 10 9 – 4 3 –

Data presented as medium (quartile 1, quartile 3) or n where indicated. * Significant change within group, Wilcoxon signed rank sum test, P <.05, † Significant
changewithin group,Wilcoxon signed rank sum test,P <.01. ‡ Significant between group change, MannWhitneyU test,P <.05. DBP = diastolic blood pressure,
SBP = systolic blood pressure.
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as well gather important feedback from participants on
our intervention.

In comparing our study with prior sleep extension studies, the
increases in sleepdurationobserved inour interventiongroupwere
slightly larger than those reported by Haack and colleagues7 (35
minutes) and smaller than those reported byTasali (1.6 hours).10

The amount of change in sleepdurationmaybe largely driven by
baseline sleep duration, and if it is near 7 hours, there could be a
ceiling effect. In addition, age-related changes, pain or social
factors (eg, commute times)may limit some participants’ ability
to extend sleep. We found, not surprisingly, that increases in
TIB were the strongest predictor of TST improvements.

In addition to improvements in sleep duration, sleep dis-
turbance and sleep-related impairment also significantly

improved in the intervention group. The improvements in
patient reported outcomes are critical because participants are
more likely maintain a behavior change if they perceive the
benefits.29 These improvements in sleep quality are also im-
portant to note because our sample included participants with
mild to moderate insomnia symptoms who met our sleep du-
ration and time in bed criteria.We included this groupwith some
insomnia symptoms in order to increase the external validity of
our study. One concern with sleep extension in insomnia is that
increasing time in bed may have the potential to decrease sleep
efficiency and WASO. Our findings did not support this con-
cern. We found that our intervention was acceptable in this
patient population and increased (rather than decreased) sleep
efficiency despite longer time in bed. Therefore, our results

Figure 4—Change in ambulatory blood pressure.

Participants in the intervention group are depicted in black lines and participants in the control group are depicted in gray lines. The dashed lines indicate the
median change in the intervention and control groups. (A) Change in 24-hour SBP. (B)Median change scores for the intervention and control group in 24-hour
SBP. (C)Change in 24-hour DBP in the intervention and control group. (D)Median change score for the intervention and control groups. There were significant
between group changes for both SBP and DBP SBP (P =.013, DBP P =.026) as well as within group prepost changes for the intervention group (SBP, P =.007,
24-hour DBP, P = .008). DBP = diastolic blood pressure, SBP = systolic blood pressure.
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would suggest that this intervention is not contraindicated and
was in fact beneficial for individuals with mild to moderate
insomnia, short sleep duration and < 8 hours in bed.

In terms of blood pressure changes, they are difficult to in-
terpret at this stage of research, given the small sample size. We
do report a reduction in ABP in the intervention group and no
change in the control group. There is one other prior study that
evaluated a 2-hour sleep extension on the weekend, and found
no difference with this brief intervention. However, the study
was limited by a short intervention duration and single blood
pressure recording.30 Our study adds to the results of Haack and
colleagues by replicating their findings and also demonstrating that
the delivery of the intervention in a more generalizable setting can
result in lower ABP readings when collected in the home envi-
ronment. However, given the imbalance in age and sex between the
interventionandcontrol groups, it is notpossible todirectly compare
the two groups or to rule out regression to the mean. The next steps
after this study are to evaluate our intervention in a randomized trial
in a larger sample.

Finally, in terms of feasibility, adherence to the intervention
was excellent and most participants rated the intervention as
easy or very easy to use. Although full automation of the in-
tervention would provide the broadest reach, feedback from
several participants suggested the use of a human coach was the
most motivating and beneficial aspect of this intervention. This
is consistent with other areas in mHealth, where use of human
support has increased adherence.31 Therefore, future research is
needed to optimize the timing and duration of coach contact, in
order to minimize staff burden. As a whole, sleep extension
interventions are in their infancy andmuch research is needed to
determine how to create lasting changes in sleep behaviors and
the impact of these changes on health and wellbeing.

Limitations to this study include the small sample size with
baseline differences between the groups in age and sex. Therefore,
results of the intervention are not directly comparable between
groups, particular for ABP values. In addition, the 6-week time
period is a relatively short term intervention, and therefore longer
studies are needed to determine the impact of longer termchanges in
sleep duration. The selection of a sleep maintenance control group
allowed us to observe the changes in sleep that occur by enrolling in
a research study. However, this did not allow for us to test the effect
of attention, which may also be a factor in reducing blood pressure.

On the other hand, current recommendations support use of a weak
comparator group in early behavioral trials, given that the objective
is testing feasibility rather than comparing to a standard treatment
(and in this case, there are no existing treatments).19 Use of an
attention control in future studies (eg, health education) will be
able to delineate whether blood pressure change is due to
therapist contact versus change in sleep.

It is also notable that we did not reach our goal of enrolling 30
participants, which speaks to the feasibility of enrollment and
also generalizability of this highly selected sample. The biggest
limiting factor in enrollment was that we only enrolled par-
ticipants who had elevated 24-hour blood pressure but were not
yet taking antihypertensive medications. Given that patients
with short sleep duration may be more difficult to manage their
hypertension, enrolling those on medications who still have
elevated 24-hour blood pressure who are already taking anti-
hypertension medication may enhance the feasibility of future
sleep duration andhypertension studies. In fact, prior studies did
include those taking medications who still met sleep and blood
pressure criteria.7 Despite these limitations, the strength of this
study is that that this pilot study demonstrates that our sleep
extension intervention can be delivered in the home to a chronic
illness population, was well liked and has the potential for
greater scalability compared to prior sleep extension studies.

CONCLUSIONS

Our technology assisted sleep extension intervention was well
liked by participants and has the possibility of extending
sleep duration, lowering blood pressure and improving sleep
quality and daytime function. Recruiting participants with
prehypertension/unmedicated hypertension limited the enroll-
ment to our study but participantswhodid enroll in this pilot trial
demonstrated high completion rates and the potential for this
intervention to improve blood pressure, sleep and mood.

ABBREVIATIONS

ABP, ambulatory blood pressure
ABPM, ambulatory blood pressure monitoring

Table 4—Change in patient-reported outcomes.

Variable
Intervention (n = 11) Control (n = 5)

Pre Post Change Pre Post Change

ESS 8 (2, 12) 6 (4, 8) 0 (−5, 3) 6 (3, 13) 8 (5, 13) 0 (−1, 3)

Sleep disturbance (t score) 54 (54, 57) 50 (40, 54) † −7 (13, 2) ‡ 50 (44, 54) 53 (50, 56) 5 (0, 8)

Daytime impairment (t score) 55 (48, 58) 42 (37, 48) * −10 (−18, 0) ‡ 50 (38, 55) 56 (53, 58) 2 (−1, 20)

Depression 3 (2, 8) 1 (1, 2) * −1 (−4, 0) 2 (0, 4) 2 (1, 3) 0 (−2, 2)

Data presented as medium (quartile 1, quartile 3). Actigraphy data were missing for one participant in the intervention group. These data were conservatively
imputed with the assumption of no change, and the baseline values were carried forward for these analyses. * Significant change within group,Wilcoxon signed
rank sum test, P <.05, † Significant change within group, Wilcoxon signed rank sum test, P <.01. ‡ Significant between group change, Mann Whitney U test,
P < .05. ESS = Epworth Sleepiness Scale.

Journal of Clinical Sleep Medicine, Vol. 15, No. 11 November 15, 20191596

KG Baron, J Duffecy, D Richardson, et al. Technology Assisted Behavior Extension in Hypertension



DBP, diastolic blood pressure
ESS, Epworth Sleepiness Scale
ISI, Insomnia Severity Index
OSA, obstructive sleep apnea
REDCap, Research Electronic Data Capture
RLS, restless legs syndrome
SBP, systolic blood pressure
SE, sleep efficiency
TIB, time in bed
TST, total sleep time
WASO, wake after sleep onset
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