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Abstract

Background: There is growing interest in using wearable devices to remotely monitor patient behaviors. However, there has
been little evaluation of how often these technologies are used to monitor sleep patterns over longer term periods, particularly
among more high-risk patients.

Objective: The goal of the research was to evaluate the proportion of time that patients with ischemic heart disease used wearable
devices to monitor their sleep and identify differences in characteristics of patients with higher versus lower use.

Methods: We evaluated wearable device data from a previously conducted clinical trial testing the use of wearable devices
with personalized goal-setting and financial incentives. Patients with ischemic heart disease established a sleep baseline and were
then followed for 24 weeks. The proportion of days that sleep data was collected was compared over the 24 weeks and by study
arm. Characteristics of patients were compared to groups with high, low, or no sleep data.

Results: The sample comprised 99 patients with ischemic heart disease, among which 79% (78/99) used the wearable device
to track their sleep. During the 6-month trial, sleep data were collected on 60% (10,024/16,632) of patient-days. These rates
declined over time from 77% (4292/5544) in months 1 and 2 to 58% (3188/5544) in months 3 and 4 to 46% (2544/5544) in
months 5 and 6. Sleep data were collected at higher rates among the intervention group compared with control (67% vs 55%,
P<.001). In the main intervention period (months 3 and 4), patients with higher rates of sleep data were on average older (P=.03),
had a history of smoking (P=.007), and had higher rates of commercial health insurance (P=.03).

Conclusions: Among patients with ischemic heart disease in a physical activity trial, a high proportion used wearable devices
to track their sleep; however, rates declined over time. Future research should consider larger evaluations coupled with behavioral
interventions.

Trial Registration: ClinicalTrials.gov NCT02531022; https://clinicaltrials.gov/ct2/show/NCT02531022

(JMIR Form Res 2020;4(4):e14508) doi: 10.2196/14508
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Introduction

Shorter sleep duration and poor sleep quality have been
demonstrated to be associated with higher rates of all-cause

mortality, cardiovascular disease, hypertension, and obesity
[1,2]. Most of these evaluations have relied on patient self-report
of sleep patterns, which requires effort from the patient and can
be subject to reporter bias. There has been growing interest in
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using wearable devices to passively collect data on patient
behaviors [3,4]. However, there has been little evaluation of
how often these technologies are used to remotely monitor sleep
patterns, particularly among more high-risk patients and over
longer term periods.

There are more than 50 different wearable devices that promote
the ability to track sleep patterns [5]. In a recent review article,
43 articles identified studied how these wearables were used to
track sleep patterns [6]. More than half were focused on
validating sleep accuracy; few were focused on monitoring sleep
during behavioral interventions. Several studies have evaluated
the use of these devices over 24-hour periods [7,8]. Others have
evaluated tracking sleep during behavioral interventions focused
on physical activity [6,9], but these have typically been for
periods of 3 months or less.

In this study, we used data from a behavioral intervention
focused on increasing physical activity among ischemic heart
disease patients over 24 weeks. The objective was to evaluate
the proportion of time that patients with ischemic heart disease
used wearable devices to monitor their sleep and identify
differences in characteristics of patients with higher versus lower
use.

Methods

The sample comprised patients with ischemic heart disease who
used wearable devices to establish baseline sleep levels during
the ACTIVE REWARD (A Clinical Trial Investigating Effects
of a Randomized Evaluation of Wearable Activity Trackers
with Financial Rewards) trial, a previously conducted 24-week
randomized clinical trial focused on increasing physical activity
[10]. All patients established baseline daily step counts and
were then randomly assigned to passive monitoring or an
intervention that used personalized goal-setting and financial
incentives to increase physical activity levels. In this study, we
included patients who established baseline levels of sleep during
the run-in period (99/105 patients). Financial incentives for
meeting step goals were offered to the intervention group for
16 weeks followed by 8 weeks without incentives. Patients were

asked to use the wearable devices (Shine, Misfit) during the
day and night. The wearable did not require charging (with a
battery life longer than 6 months), was waterproof, and displayed
progress toward the step goal (rather than the actual number of
steps) on its display. Patients could use the mobile app to obtain
the actual number of steps. The Shine has been found to be
reliable for monitoring sleep duration when compared with
polysomnography [11].

To evaluate use of wearable devices for tracking sleep data, we
analyzed the proportion of patient-days data that were collected
overall and during 8 week increments throughout the three trial
phases. Intervention patients had 3 phases: ramp-up phase with
incentives (valued at $2 per day) and gradually increasing step
goals, maintenance phase with incentives and static step goals,
and a follow-up phase with static step goals but no incentives.
We compared patient characteristics for groups of patients with
different levels of overall data collection above and below half
of the study period duration (more than 50% of days with data,
less than 50% of days with data, no data).

This study was approved by the University of Pennsylvania
institutional review board, and patients provided informed
consent. The study was registered with ClinicalTrials.gov
[NCT02531022]. Analyses were conducted in SAS version 9.4
(SAS Institute Inc).

Results

The sample comprised 99 patients with ischemic heart disease,
with 79% (78/99) using the wearable device to track their sleep.
During the 6-month trial, sleep data were collected on 60% of
patient-days (Table 1). These rates declined over time from 77%
(10,024/16,632) in months 1 and 2 to 58% (3188/5544) in
months 3 and 4 to 46% (2544/5544) in months 5 and 6. Sleep
data were collected at higher rates among the intervention group
compared with control (67% vs 55%; P<.001). In the main
intervention period (months 3 and 4), patients with higher rates
of sleep data were on average older, were less likely to be
actively smoking, and had higher rates of private health
insurance (Table 2).

Table 1. Proportion of patient-days that sleep data was collected by period and arm.

Intervention (n=2632), n (%)Control (n=2912), n (%)Trial phase

2122 (80.62)2170 (75.52)Ramp-up period: weeks 1-8

1744 (66.26)1444 (49.59)Maintenance period: weeks 9-16

1391 (52.85)1153 (39.59)Follow-up period: weeks 17-24
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Table 2. Patient characteristics by use of wearable devices to track sleep. Sleep data are based on the main intervention period (weeks 9 to 16) of the
trial.

P valueNo sleep data collected
(n=21)

<50% sleep data collected
(n=18)

≥50% sleep data collected
(n=60)

Characteristics

Sociodemographics

.0355.8 (11.5)55.1 (12.4)62 (9.2)Age in years, mean (SD)

.8615 (71)13 (72)40 (67)Male, n (%)

.32Race/ethnicity, n (%)

14 (67)11 (61)49 (82)White non-Hispanic

6 (29)5 (28)8 (13)Black non-Hispanic

1 (5)2 (11)3 (5)Other

.77Education, n (%)

1 (5)2 (11)3 (5)Some high school

4 (19)5 (28)12 (20)High school graduate

8 (38)3 (17)13 (22)Some college or specialized training

8 (38)8 (44)31 (52)College graduate

0 (0)0 (0)1 (2)Missing

.37Marital status, n (%)

6 (29)5 (28)12 (20)Single

13 (62)8 (44)40 (67)Married

2 (10)5 (28)8 (13)Other

.03Insurance, n (%)

9 (43)5 (28)35 (58)Private

11 (52)9 (50)23 (38)Medicare

1 (5)4 (22)1 (2)Medicaid

0 (0)0 (0)1 (2)Military

.74Annual household income, n (%)

7 (33)9 (50)20 (33)Less than $50,000

6 (29)4 (22)12 (20)$50,000 to $100,000

6 (29)4 (22)18 (30)Greater than $100,000

2 (10)1 (6)10 (17)Missing

Baseline measures

.135481.2 (1808.4)6617.7 (2584.1)7214.5 (3618.2)Baseline step count, mean (SD)

.3532 (6.2)29.6 (5.7)30.1 (5.9)Body mass index, mean (SD)

.0611 (52)4 (22)16 (27)Diabetes, n (%)

.7517 (81)16 (89)49 (82)Hypertension, n (%)

.5916 (76)14 (78)51 (85)Hyperlipidemia, n (%)

.007Smoking history, n (%)

5 (24)10 (56)30 (50)Nonsmoker

11 (52)5 (28)29 (48)History of smoking

5 (24)3 (17)1 (2)Actively smoking
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Discussion

Principal Findings
There is growing evidence that our sleep patterns influence our
longer term health, with poor sleep associated with higher risk
for cardiovascular disease [1,2]. Therefore, new ways to collect
data on an individual’s sleep could be important to help inform
the design of future interventions. To our knowledge, this is
one of the first studies to evaluate sleep data collected by
wearable devices in a longer 24-week clinical trial.

Our findings reveal several important insights. First, a high
proportion of patients used wearable devices to track their sleep;
however, rates declined over time. Yet similar to a previous
study [9], it is important to recognize that patients were enrolled
in a trial focusing on physical activity, not sleep. Therefore,
while rates of sleep data were high, they could be increased
with a greater intervention emphasis on sleep. Second, we found
that sleep data were collected at higher rates among patients in
the intervention arm relative to control. This may be because
engagement was more related to behavioral reasons (ie,
motivation vs loss of interest over time) rather than technical
issues (eg, device failure). Taken together, this indicates that
use of wearable devices may increase by combined provision
of the technology with a behavior change strategy. A recent
review suggested that more research is needed on using
wearables to monitor sleep in behavioral interventions [6]. Third,
use varied across several patient characteristics. Notably, use
was significantly higher among older patients, those with a
history of smoking, and those with commercial health insurance.
This indicates that sleep data may be obtainable from high-risk,
older patient groups. Similar results were seen in a shorter,
24-hour study [7], and our findings demonstrate similar insights
over a 24-week period. These may need to be investigated in
future trials with larger and more diverse populations.

Strengths and Limitations
This study had several strengths. First, most recent studies have
focused on comparing the accuracy of wearable devices in
tracking sleep patterns rather than their successful
implementation in new behavioral intervention strategies [6].
Second, most clinical studies assessing sleep quantity and quality
to date have relied on either self-reported measures of sleep
duration or on polysomnography measurements. Poly-
somnography remains the gold standard for sleep measurement,
but its use is currently only feasible in a laboratory setting, and
studies typically use only 1 or 2 nights of measurement.
Self-reported sleep measurements limit the generalizability of
any results because of errors due to reporter bias.

This study has limitations. First, it was conducted within a single
health system in a clinical trial, and we limited the sample to
those patients who obtained sleep baselines (approximately 94%
of patients). Second, the trial focused more on physical activity
than on sleep. Third, we were not adequately powered to
perform evaluations of differences in sleep patterns. Fourth, we
did not have qualitative data on patient perspectives of barriers
and facilitators to using these devices to monitor sleep. Fifth,
while the wearable device used has been found to be accurate
for monitoring sleep duration [11], we did not validate it in this
study. Sixth, further work is needed to understand what
proportion of days devices need to be used to provide robust
assessments of sleep patterns.

Conclusion
In conclusion, a high proportion of patients with ischemic heart
disease used wearable devices to track sleep patterns over a
24-week period. Use declined over time but varied based on
patient characteristics and was greater in the intervention group
than in control. Future research should consider larger
evaluations combining wearable devices with behavioral
interventions to test ways to risk stratify patients and improve
sleep patterns.

Acknowledgments
This study was supported in part by grant number UL1TR000003 from the National Center for Advancing Translational Science.
The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Center
for Advancing Translational Science or the National Institutes of Health. The study was also supported in part by the Institute
for Translational Medicine and Therapeutics and the University of Pennsylvania Health System through the Penn Medicine Nudge
Unit. Misfit donated the wearable devices used in this study. The funding sources had no role in the design and conduct of the
study; collection, management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication. The funder had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit
the manuscript for publication. MF and MP had full access to all the data in the study and take responsibility for the integrity of
the data and the accuracy of the data analysis.

Conflicts of Interest
MP is supported by career development awards from the Department of Veterans Affairs Health Services Research and Development
and the Doris Duke Charitable Foundation. MP is founder of Catalyst Health, a technology and behavior change consulting firm.
MP also has received research funding from Deloitte, which is not related to the work described in this manuscript. The remaining
authors declare no conflict of interest.

References

JMIR Form Res 2020 | vol. 4 | iss. 4 | e14508 | p. 4https://formative.jmir.org/2020/4/e14508
(page number not for citation purposes)

Fortunato et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


1. Itani O, Jike M, Watanabe N, Kaneita Y. Short sleep duration and health outcomes: a systematic review, meta-analysis,
and meta-regression. Sleep Med 2017 Apr;32:246-256. [doi: 10.1016/j.sleep.2016.08.006] [Medline: 27743803]

2. Domínguez F, Fuster V, Fernández-Alvira J, Fernández-Friera L, López-Melgar B, Blanco-Rojo R, et al. Association of
sleep duration and quality with subclinical atherosclerosis. J Am Coll Cardiol 2019 Jan 22;73(2):134-144 [FREE Full text]
[doi: 10.1016/j.jacc.2018.10.060] [Medline: 30654884]

3. Patel MS, Asch DA, Volpp KG. Wearable devices as facilitators, not drivers, of health behavior change. JAMA 2015 Feb
03;313(5):459-460. [doi: 10.1001/jama.2014.14781] [Medline: 25569175]

4. Patel MS, Foschini L, Kurtzman GW, Zhu J, Wang W, Rareshide CA, et al. Using wearable devices and smartphones to
track physical activity: initial activation, sustained use, and step counts across sociodemographic characteristics in a national
sample. Ann Intern Med 2017 Nov 21;167(10):755-757. [doi: 10.7326/M17-1495] [Medline: 28973116]

5. Shelgikar AV, Anderson PF, Stephens MR. Sleep tracking, wearable technology, and opportunities for research and clinical
care. Chest 2016 Sep;150(3):732-743. [doi: 10.1016/j.chest.2016.04.016] [Medline: 27132701]

6. Baron KG, Duffecy J, Berendsen MA, Cheung Mason I, Lattie EG, Manalo NC. Feeling validated yet? A scoping review
of the use of consumer-targeted wearable and mobile technology to measure and improve sleep. Sleep Med Rev 2018
Aug;40:151-159 [FREE Full text] [doi: 10.1016/j.smrv.2017.12.002] [Medline: 29395985]

7. Kroll RR, McKenzie ED, Boyd JG, Sheth P, Howes D, Wood M, WEARable Information Technology for hospital INpatients
(WEARIT-IN) study group. Use of wearable devices for post-discharge monitoring of ICU patients: a feasibility study. J
Intensive Care 2017;5:64 [FREE Full text] [doi: 10.1186/s40560-017-0261-9] [Medline: 29201377]

8. Rosenberger M, Buman M, Haskell W, McConnell M, Carstensen L. Twenty-four hours of sleep, sedentary behavior, and
physical activity with nine wearable devices. Med Sci Sports Exerc 2016 Mar;48(3):457-465 [FREE Full text] [doi:
10.1249/MSS.0000000000000778] [Medline: 26484953]

9. Melton BF, Buman MP, Vogel RL, Harris BS, Bigham LE. Wearable devices to improve physical activity and sleep. J
Black Studies 2016 Jul 27;47(6):610-625. [doi: 10.1177/0021934716653349]

10. Chokshi NP, Adusumalli S, Small DS, Morris A, Feingold J, Ha YP, et al. Loss-framed financial incentives and personalized
goal-setting to increase physical activity among ischemic heart disease patients using wearable devices: the ACTIVE
REWARD randomized trial. J Am Heart Assoc 2018 Jun 13;7(12) [FREE Full text] [doi: 10.1161/JAHA.118.009173]
[Medline: 29899015]

11. Mantua J, Gravel N, Spencer R. Reliability of sleep measures from four personal health monitoring devices compared to
research-based actigraphy and polysomnography. Sensors (Basel) 2016 May 05;16(5) [FREE Full text] [doi:
10.3390/s16050646] [Medline: 27164110]

Abbreviations
ACTIVE REWARD: A Clinical Trial Investigating Effects of a Randomized Evaluation of Wearable Activity
Trackers with Financial Rewards

Edited by G Eysenbach; submitted 28.04.19; peer-reviewed by J Sasaki, D Maslove, C Poon; comments to author 14.12.19; revised
version received 20.01.20; accepted 09.02.20; published 07.04.20

Please cite as:
Fortunato M, Adusumalli S, Chokshi N, Harrison J, Rareshide C, Patel M
Usability of Wearable Devices to Remotely Monitor Sleep Patterns Among Patients With Ischemic Heart Disease: Observational
Study
JMIR Form Res 2020;4(4):e14508
URL: https://formative.jmir.org/2020/4/e14508
doi: 10.2196/14508
PMID: 32254044

©Michael Fortunato, Srinath Adusumalli, Neel Chokshi, Joseph Harrison, Charles Rareshide, Mitesh Patel. Originally published
in JMIR Formative Research (http://formative.jmir.org), 07.04.2020. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in JMIR Formative Research, is properly
cited. The complete bibliographic information, a link to the original publication on http://formative.jmir.org, as well as this
copyright and license information must be included.

JMIR Form Res 2020 | vol. 4 | iss. 4 | e14508 | p. 5https://formative.jmir.org/2020/4/e14508
(page number not for citation purposes)

Fortunato et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.sleep.2016.08.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27743803&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(18)39186-1
http://dx.doi.org/10.1016/j.jacc.2018.10.060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30654884&dopt=Abstract
http://dx.doi.org/10.1001/jama.2014.14781
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25569175&dopt=Abstract
http://dx.doi.org/10.7326/M17-1495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28973116&dopt=Abstract
http://dx.doi.org/10.1016/j.chest.2016.04.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27132701&dopt=Abstract
http://europepmc.org/abstract/MED/29395985
http://dx.doi.org/10.1016/j.smrv.2017.12.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29395985&dopt=Abstract
https://jintensivecare.biomedcentral.com/articles/10.1186/s40560-017-0261-9
http://dx.doi.org/10.1186/s40560-017-0261-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29201377&dopt=Abstract
http://europepmc.org/abstract/MED/26484953
http://dx.doi.org/10.1249/MSS.0000000000000778
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26484953&dopt=Abstract
http://dx.doi.org/10.1177/0021934716653349
http://www.ahajournals.org/doi/full/10.1161/JAHA.118.009173?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1161/JAHA.118.009173
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29899015&dopt=Abstract
http://www.mdpi.com/resolver?pii=s16050646
http://dx.doi.org/10.3390/s16050646
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27164110&dopt=Abstract
https://formative.jmir.org/2020/4/e14508
http://dx.doi.org/10.2196/14508
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32254044&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

