
UCSF
UC San Francisco Previously Published Works

Title
Acceptability and Usability of a Wearable Device for Sleep Health Among English- and 
Spanish-Speaking Patients in a Safety Net Clinic: Qualitative Analysis

Permalink
https://escholarship.org/uc/item/1t50h1wv

Authors
Purnell, Larissa
Sierra, Maribel
Lisker, Sarah
et al.

Publication Date
2023

DOI
10.2196/43067
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/1t50h1wv
https://escholarship.org/uc/item/1t50h1wv#author
https://escholarship.org
http://www.cdlib.org/


Original Paper

Acceptability and Usability of a Wearable Device for Sleep Health
Among English- and Spanish-Speaking Patients in a Safety Net
Clinic: Qualitative Analysis

Larissa Purnell1, MPH; Maribel Sierra2,3, MPH; Sarah Lisker2,3, BA; Melissa S Lim4,5, MD; Emma Bailey4; Urmimala

Sarkar2,3, MPH, MD; Courtney R Lyles1,2,3,6, PhD; Kim H Nguyen2,3, MPH, ScD
1School of Public Health, University of California Berkeley, Berkeley, CA, United States
2Division of General Internal Medicine, School of Medicine, University of California San Francisco, San Francisco, CA, United States
3Center for Vulnerable Populations, School of Medicine, University of California San Francisco, San Francisco, CA, United States
4Redwood Pulmonary Medical Associates, Redwood City, CA, United States
5Somnology, Redwood City, CA, United States
6Department of Epidemiology and Biostatistics, School of Medicine, University of California San Francisco, San Francisco, CA, United States

Corresponding Author:
Courtney R Lyles, PhD
Division of General Internal Medicine
School of Medicine
University of California San Francisco
1001 Potrero Avenue
San Francisco, CA, 94110
United States
Phone: 1 6282066483
Email: Courtney.Lyles@ucsf.edu

Abstract

Background: Sleep disorders are common and disproportionately affect marginalized populations. Technology, such as wearable
devices, holds the potential to improve sleep quality and reduce sleep disparities, but most devices have not been designed or
tested with racially, ethnically, and socioeconomically diverse patients. Inclusion and engagement of diverse patients throughout
digital health development and implementation are critical to achieving health equity.

Objective: This study aims to evaluate the usability and acceptability of a wearable sleep monitoring device—SomnoRing—and
its accompanying mobile app among patients treated in a safety net clinic.

Methods: The study team recruited English- and Spanish-speaking patients from a mid-sized pulmonary and sleep medicine
practice serving publicly insured patients. Eligibility criteria included initial evaluation of obstructed sleep apnea, which is most
appropriate for limited cardiopulmonary testing. Patients with primary insomnia or other suspected sleep disorders were not
included. Patients tested the SomnoRing over a 7-night period and participated in a 1-hour semistructured web-based qualitative
interview covering perceptions of the device, motivators and barriers to use, and general experiences with digital health tools.
The study team used inductive or deductive processes to code interview transcripts, guided by the Technology Acceptance Model.

Results: A total of 21 individuals participated in the study. All participants owned a smartphone, almost all (19/21) felt comfortable
using their phone, and few already owned a wearable (6/21). Almost all participants wore the SomnoRing for 7 nights and found
it comfortable. The following four themes emerged from qualitative data: (1) the SomnoRing was easy to use compared to other
wearable devices or traditional home sleep testing alternatives, such as the standard polysomnogram technology for sleep studies;
(2) the patient’s context and environment, such as family and peer influence, housing status, access to insurance, and device cost
affected the overall acceptance of the SomnoRing; (3) clinical champions motivated use in supporting effective onboarding,
interpretation of data, and, ongoing technical support; and (4) participants desired more assistance and information to best interpret
their own sleep data summarized in the companion app.

Conclusions: Racially, ethnically, and socioeconomically diverse patients with sleep disorders perceived a wearable as useful
and acceptable for sleep health. Participants also uncovered external barriers related to the perceived usefulness of the technology,
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such as housing status, insurance coverage, and clinical support. Future studies should further examine how to best address these
barriers so that wearables, such as the SomnoRing, can be successfully implemented in the safety net health setting.

(JMIR Form Res 2023;7:e43067) doi: 10.2196/43067
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Introduction

Poor sleep health is increasingly recognized as a significant
public health problem. It has been associated with a multitude
of negative health problems including higher hospitalizations
and poorer health outcomes, such as cardiovascular disease,
obesity, and mental health, as well as a significant cost to the
health care system (estimated US $100 million per year) [1].

Disparities in sleep health among minoritized communities as
well as individuals with low socioeconomic status have been
documented [2-4]. For example, racial or ethnic minorities have
more adverse outcomes on multiple dimensions of sleep health
including shorter sleep durations, less deep sleep, inconsistent
sleep timing, and lower sleep continuity in comparison to Whites
[5]. Moreover, sleep health is a contributor to health
disparities—for example, a study showed that substantial
proportions of racial differences in cardiometabolic risk can be
explained by differences in sleep duration and sleep efficiency,
respectively [6].

A growing body of evidence suggests determinants of sleep
health disparities are multilevel, consisting of individual (genetic
factors and psychosocial stress) as well as upstream social and
contextual factors (family structure, insufficient access to care
and structural discrimination, and exposure to environmental
pollution) that interact to shape sleep health [7]. For example,
factors affecting sleep hygiene, like consistency in sleep times,
quiet, and temperature, are more difficult to achieve among
individuals who share sleeping spaces with multiple family
members, live in high-density housing, and lack access to air
conditioning or heating [3,8]

Safety net health systems organize and provide health care to
uninsured and publicly insured patients, who are
disproportionately people with low income and communities
of color [9]. In these resource-limited settings, safety net
organizations face structural barriers including lack of
subspecialty access, staffing constraints, and fragmented
information technology to address patients’ sleep health [10].
Despite persistent disparities in sleep disorders, like obstructive
sleep apnea, among marginalized populations [1-4], these groups
are often less likely to access services that can improve sleep
health and sleep management in such settings [11,12].

Digital tools, such as consumer wearable sleep technologies
(eg, wristbands, smartwatches, and rings), that capture biosignals
and multidimensional sleep data hold promise in clinical
settings, especially in the safety net health system. They are
relatively low-cost devices that facilitate real-time feedback and
information sharing between patients and providers; enable
monitoring and detection of patient’s sleep-wake patterns and
improve treatment responses and recovery, as well as provide

other potential benefits to clinic-level outcomes around staffing
and cost [13-17]. Despite their potential, studies assessing the
benefits and usability of wearable digital sleep technologies
within and outside of clinical settings among vulnerable
populations, such as Medicaid patients, are scarce [17,18]. One
of the first steps toward reducing sleep health disparities is to
evaluate the use and acceptance of these digital health tools
within populations with low income.

The aim of this study is to explore the acceptability and usability
of a wearable sleep tracking device (SomnoRing [19], also
referred to as the “wearable sleep device,” below) among diverse
safety net patients who have sleep problems, grounded in the
Technology Acceptance Model (TAM), which has been used
previously to understand the acceptance of other health care
technologies [20]. Guided by the TAM, the study team
qualitatively explored factors influencing the acceptance of a
ring-type wearable device for sleep monitoring among English-
and Spanish-speaking patients with low income seen at a safety
net clinic.

Methods

Study Design
This study used a qualitative description approach to explore
the acceptability and usability of a wearable sleep device among
a sample of linguistically, racially, and ethnically diverse
patients across age groups seen in a safety net clinic. The study
team conducted semistructured, in-depth qualitative interviews
to gain an in-depth understanding of the acceptability and
usability of the wearable sleep device.

The SomnoRing device is a wearable technology for sleep
monitoring in the form of a ring, and measured signals and
embedded actigraphy can be used to measure pulse, continuous
blood oxygen saturation, and movements. These measurements
permit the calculation of oxygen desaturation index, heart rate
variability, surrogates for sleep versus wake time, and sleep
stages. The wearable sleep comes in small, medium, and large
sizes and includes a Universal Serial Bus charging adaptor.
Using a paired mobile app, users can see summarized reports
of their sleep architecture, sleep stage distribution, and oxygen
desaturation frequency, the latter reflecting possible sleep
breathing disorders, such as obstructive sleep apnea. The app
was still in development mode during this usability study; thus,
this study specifically focused on the acceptability and usability
of the wearable sleep device. However, study participants did
use the beta version of the app in order to share app output
reports with their clinical care team during their ongoing care.
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Setting and Participants
The study included patients at a multidisciplinary group practice
(pulmonary, critical care, and sleep medicine) founded in 2000
in Redwood City, California. Primary care providers refer
patients to the sleep specialists in the practice, and specialists
then arrange sleep studies as appropriate. The practice serves
diverse patients, with approximately 30% of patients preferring
a language other than English and 48% on Medicaid or
uninsured.

Eligibility criteria included age of more than 18 years, English-
or Spanish-speaking, and an initial evaluation of obstructed
sleep apnea which is most appropriate for limited
cardiopulmonary testing. Our focus was on patients with
suspected sleep breathing disorders, such as obstructive sleep
apnea. Patients with primary insomnia or other suspected sleep
disorders were not included. If a patient was suspected to have
primary insomnia or other sleep disorders, they were not eligible
for the study and were usually referred for a laboratory sleep
study or polysomnogram. Additionally, to be eligible,
participants had to complete a home sleep test using a Food and
Drug Administration–cleared type III device, the ResMed
ApneaLink, for one of the nights of the SomnoRing testing [21].
Patients came into the clinic for the home sleep test as part of
the routine care and were then recruited from that pool to
participate in testing the SomnoRing. The study excluded
patients who were pregnant, with limited ability to walk due to
a disability or medical condition, or experiencing active
psychosis or mania.

Recruitment
Recruitment and screening took place between February 2021
and December 2021. Clinic staff recruited patients for the study
by approaching eligible patients in the clinic or calling them
over the phone. Clinic staff also distributed flyers to patients
and placed advertisements in the clinic waiting rooms. The
study team employed purposive sampling with the aim of
recruiting participants that represented a diversity of
perspectives, roughly equal English and Spanish speakers, and
spanning a range of age groups. The clinic staff and the research
team employed purposive sampling by conducting weekly
meetings to evaluate existing participants recruited for the study
and identify gaps in achieving the previously mentioned aims.
This helped the clinic staff strategize which patients to invite
to the study based on upcoming appointments with the clinic.
Clinic staff explained to potential participants the scope of the
study, including wearing the SomnoRing for 7 days and
completing an interview over the phone with a research staff
member. After individuals consented to participate, clinic staff
gave participants the wearable sleep device to use for at least 7
continuous days with additional instructions (ie, charging the
device, downloading the companion app, and returning the
device to the clinic after at-home use). Although the wearable
sleep device has a companion app, participants were not
expected or required to engage with it other than taking
screenshots of output reports and metrics to send to clinic staff
through email or text message. Clinic staff advised participants
to use the wearable sleep device for at least 7 days and explained
that after 7 days the study team would contact participants to

invite them to a qualitative interview. The research team
contacted participants through phone 7 days after the patient
received the wearable sleep device to assess interest in the
interview. The study team attempted to contact each participant
5 times. All participants provided written consent and completed
the interview remotely at a time of their choice.

In-depth Interview
The study team conducted in-depth, individual interviews over
phone or Zoom using a semistructured interview guide. The
open-ended, semistructured interview questions assessed
participant motivations for seeking out sleep care, current sleep
care experience, device prior experiences with health
technology, perceptions, motivators, and barriers to using health
technology, expectations from health technology platforms and
wearable devices, as well as feedback focused on the usability
and usefulness of the SomnoRing technology with respect to
its integration into a sleep study (see interview guide in
Multimedia Appendix 1). At the end of the interview, the study
team conducted a 10-item validated usability questionnaire, the
System Usability Scale [22], along with optional demographic
questions including gender, race or ethnicity, age, preferred
language, as well as questions about medical coverage,
education, and digital literacy. A team member conducted the
interview while others took notes (LP, MS, and KN). Each
interview lasted approximately 60 minutes and was audio
recorded. Interviews were professionally transcribed and, if
conducted in Spanish, translated. Each participant received a
US $25 gift card incentive for their time.

Analysis
The study team used a combination of inductive and deductive
analytic approaches. First, the team used a qualitative, inductive
thematic analysis approach to organize interview codes into
themes and subthemes to reflect the participants’ experiences
without a priori hypotheses [23]. Under the guidance of the
senior author (KHN), at least two trained researchers (led by
LP and MS) independently read and coded transcripts to capture
initial significant and relevant experiences and concepts related
to the focus of the study. The coding team then discussed and
reconciled discrepancies in the initial codes. KHN and LP
refined the codes to create a final codebook which LP used to
code the remaining transcripts. After completion of the coding,
LP and KHN interpreted the codes and identified initial
subthemes based on the relationships of the codes. Codes were
then deductively mapped into key model constructs of the TAM.
In TAM, a user’s adoption and acceptance of technology are
influenced by two of the following primary factors: (1) perceived
usefulness defined as “the degree to which a person believes
that using a particular system would enhance his or her
performance” and (2) perceived ease of use defined as “the
degree to which a person believes that using a particular system
would be free of effort” [20]. Furthermore, perceptions of
usefulness and ease of use are mediated by external variables
including individual differences, system characteristics, social
influences, and facilitating conditions [24]. The research team
analyzed interview codes using a constant comparison method
across interviews to identify patterns and themes. The first
author synthesized and refined the main themes and then
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identified relevant quotes and excerpts as supporting data. The
team organized and coded transcripts using Dedoose, a
qualitative analysis software. The exploratory analysis also
considered differences between English- and Spanish-speaking
participants within the final themes.

Ethics Approval
This study was approved by the University of California San
Francisco Institutional Review Board (20-30579), and all
participants provided verbal consent to participate in the in-depth
interviews. Participants were given the opportunity to ask
questions before deciding to participate and were told that they
can discontinue the study at any time with no repercussions.
All participants were compensated with a US $25 gift card.

Patient identifiers were unlinked from study data, and we stored
interview recordings on a secure network drive while they were
needed for the study. Transcripts of the recordings were
deidentified before analysis and identified versions will be
destroyed 3 years after the study is completed.

Results

Overview
All participants (n=21) consented to wear the SomnoRing for
7 days and participate in an interview with the research team
(Table 1). About half were English speaking (n=12) and the
rest were Spanish speaking (n=10). Of the 21 participants, 15
(68%) reported wearing the SomnoRing continuously for 7 days
during the study period.

Despite the wearable sleep device’s written instructions and
app only being available in English, both English- and
Spanish-speaking participants were pleased with the wearable
sleep device’s ease of use, as demonstrated by the mean System
Usability Scale score of 88 out of 100 (Table 2), implying that
the wearable sleep device’s characteristics are compatible with
widespread use.

Table 1. Participant characteristics.

English, n (%)Spanish, n (%)

Gender

6 (27.5)5 (24)Male

5 (24)4 (19)Female

1 (4.5)0 (0)Prefer not to say

Age (years)

5 (24)5 (24)26-35

3 (14)2 (10)36-45

4 (19)1 (4.5)46-55

0 (0)1 (4.5)≥56

Race or ethnicity

8 (38)1 (4.5)White/not Hispanic

1 (4.5)8 (38)Hispanic

3 (14)0 (0)Native American/Pacific Islander/other

Education

0 (0)2 (9)Did not graduate high school

4 (19)4 (19)High school/general educational development

1 (4.5)2 (10)Attended some college

5 (24)1 (4.5)Graduated college

2 (10)0 (0)Obtained graduate degree

Mobile or digital literacy

7 (33.5)7 (33.5)Very comfortable

3 (14)2 (10)Comfortable

2 (10)0 (0)Somewhat comfortable

0 (0)0 (0)Not comfortable at all
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Table 2. System usability scale scores: total, by gender, and language.

Value, mean (SD) Participants, n 

88.1 (9.8) 21Total

Gender

87.5 (9.6) 12 Male 

88.1 (10.2) 9 Female 

Language

87.1 (9.7) 12English 

88.2 (10.8) 9Spanish 

Overview of Qualitative Findings
In the in-depth interviews, the study team identified four
overarching themes emerging from participants’ experience
with the SomnoRing (Table S1 in Multimedia Appendix 2).

Theme 1: Participants Perceived the Wearable Sleep
Device Had Greater Ease of Use Compared to Other
Consumer Wearables or Prescribed Sleep Devices
Overall, participants felt that the wearable sleep device was
comfortable and easy to use with minimal difficulty wearing it
each night for the study. Participants mentioned the device’s
simplicity, minimalist design, and lack of intrusion as
contributing to ease of use.

First, most participants already had prior knowledge or
ownership of wearables and compared SomnoRing’s ease of
use to other wearables they had used. In general, participants
preferred using the SomnoRing versus other digital devices for
supporting their sleep health. Six participants previously or
currently owned wearables (such as smartwatches or activity
trackers) and reported that the wearable sleep device was simpler
and easier to use. For example, 1 participant felt that, unlike the
other devices, the SomnoRing was specifically for sleep, and
she felt “the simpler the better.” Another participant remarked
that the minimalist design of the SomnoRing made it appealing
aesthetically and comfortable and that it was not as bulky as
their other wearable device that left “imprints” on their wrists.

Overall, participants found the wearable sleep device
comfortable to wear and hardly noticeable to the extent that it
did not disrupt their sleep. This comfort was often noted in
contrast to the other traditional home sleep testing devices
provided by the clinic for other remote sleep assessments. One
participant described the traditional device as, “kind of
obtrusive, very uncomfortable to sleep with” whereas they didn’t
“even know [the wearable sleep device was] there.” Another
participant with a physical disability felt that the wearable sleep
device was more comfortable, less cumbersome, and less
complicated to use than other sleep devices he had used. This
participant’s experience with the wearable sleep device was
more straightforward and integrated with his sleep routine as it
was easy enough to “put it around right before [he went to bed]
and take it off as soon as [he] woke up.”

In addition to the simplicity of the SomnoRing, participants felt
that the wearable sleep device was more accurate in capturing
their quality of sleep because it caused minimal interruption to

their sleep routine. A participant shared that they felt the
wearable sleep device provided a “more accurate picture than
the other sleep studies” because the straps and tubes from the
traditional sleep test caused “a difficult time sleeping…being
annoyed by the shape [of the device]” as well as a “paranoia”
of accidentally unplugging the machine while they slept. In
contrast, they felt confident to wear the ring through the night
without any disturbance to the data because it had “no moving
parts….so [they didn’t] have to worry about it.”

Participants also provided constructive feedback about how to
further improve the ease of use of the SomnoRing, such as by
improving the fit and battery. For the battery, participants shared
“the hardest part was probably plugging it in to charge it”
because they often found it difficult to remember to do so. One
participant reflected on how they went “straight to work, and
[they] didn’t charge the ring” because of the rush of the day.
By forgetting to charge the ring when they came home, they
found that “there [wasn’t] enough battery in there for the night,”
which either made them wear the SomnoRing an extra night or
delay their sleep to wait until the SomnoRing battery was
charged. As for fit, the wearable sleep device was either too
snug for some participants as it got “a bit uncomfortable by the
end of the night” since “it leaves you with a kind of feeling like
when you wear really tight socks.” A few others were concerned
that the wearable sleep device would not securely stay on their
finger.

Theme 2: Participants’External Environment or Context
Influenced Overall Acceptance or Intention to Use the
Technology
Overall, family and peer influence served as key motivators for
participants to seek help with their sleep problems, and more
specific to the wearable use, participants’housing status, access
to insurance, and expense of devices were discussed as more
direct barriers to using the SomnoRing in everyday life.

Many participants’ motivations to seek help for their sleep
problem and, subsequently, to adhere to a wearable like the
SomnoRing, were rooted in a desire to improve their sleep
problem for their family’s benefit. Participants often shared that
they sought help for their sleep because of a partner’s concern,
especially when their “snoring [interrupted their partner’s]
sleep.” Another participant reflected on his nephew’s influence
on him to try a continuous positive airway pressure machine as
it “really woke [him] up to [him] not just being a loner here,
[but actually] there’s a lot of people using them.”
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However, despite encouragement from loved ones, participants
commented on costs and insurance status inhibiting their
prioritization of sleep care and ability to afford technologies
like the SomnoRing. One participant sensed they were
experiencing sleep problems and wanted to “figure it out,” but
was deterred from seeking help because they “didn’t have
insurance for a long time.” However, they commented that the
wearable sleep device prompted them to prioritize their sleep
health. Furthermore, participants shared that the cost of some
wearable devices could be prohibitive. One said, “it’s a
waste…they [other devices] cost US $400 or US $300.” Others
said that, although they would “like one of those
[smart]watches,” their partners “don’t like [them] spending
money.” Additionally, participants’ housing situations could
be a barrier to the use of wearables like the SomnoRing. One
participant said she found it difficult to charge the ring as she
“would have to be careful [because she] moved around a lot”
between homes.

Theme 3: The Clinic Staff Played Critical Role in
Participants’ Interest in the Device and Its Perceived
Usefulness to Their Sleep Management
The clinical care team influenced participants’ acceptance and
intentions to use the technology. During the initial onboarding
into the study, clinic staff spent time understanding participants’
sleep histories. For example, participants commented that the
nurse served as emotional support and established a foundation
of trust for participants to listen to care recommendations.
Another participant felt compelled to ensure they fully
completed the study and even “wore it an extra night…just to
be safe and make sure that there was enough data for [the nurse]
to really look at it.”

Clinic staff also played a key role in onboarding participants to
use the wearable sleep device. Once participants consented to
participate in the study, the clinic’s nurse ensured that all
participants successfully downloaded the app, connected to the
SomnoRing and app, and could follow the user flow to ensure
data was captured and tracked—which directly impacted ease
of use. Most participants cited they did not have to use
instructions because the nurse practitioner “pretty much showed
[them] how to do it, and it wasn’t a problem,” making
participants feel confident in using the SomnoRing. Another
participant said, “having someone walk [them] through the steps
was helpful.” Participants also valued ongoing technical support
during and after the study, such as clinical staff making
themselves available to support participant inquiries over text
message or call during the study. When the study reached
completion, clinic staff also helped participants interpret their
data and “go over all the results.” Although data interpretation
of the accompanying app was out of scope in this study,
participants commented that understanding how to improve
their sleep quality and routine impacted the usefulness of the
SomnoRing. Participants “looked forward…what [the clinical
team has] to suggest” as they were curious about how to make
changes to their sleep and trusted the nurse’s recommendations.

Theme 4: Despite the App Not Being Considered Central
to the Study, Participants Still Had an Interest in
Understanding the Complex Data and Metrics in the

App and Needed More Assistance With Data
Interpretation and Related Behavior Changes
Although participants were only required to share screenshots
of app output data with the clinical team for care purposes, it
was clear that patients were interested in using the app to engage
with their data. All participants commented on their interest in
“wanting to know more” about their sleep health through the
app and saw the value of the metrics presented within it. One
participant said they were “enjoying so much watching it on a
daily basis and seeing how different every single night was.”

In reflection of their voluntary app usage, beyond just
“watching” the app metrics, participants said acronyms or
clinical jargon made it difficult to understand indications of
good or poor sleep health. Participants were unfamiliar with
acronyms like “REM” (rapid eye movement) and “PR” (pulse
rate). Despite being able to click on a “?” icon that provided
definitions of such terminology, participants still communicated
a need for additional context to understand the meanings of
these terms. Furthermore, the app’s daily sleep report reflected
the participant’s averages and percentages for each sleep metric,
but many expressed that it did not clearly explain whether that
meant their sleep quality was poor, on track, or exceptional.

Beyond additional interpretation of data, many felt like the app
or SomnoRing should be clearer about specific and actionable
behavior changes that might improve sleep quality. As it was
currently presented, participants didn’t feel inclined to “look
into [the reports] that deep to actually try to change anything.”
A majority of participants cited that they did not change
anything about their sleep routine, but rather, “took those results
[from the app] and sent them” to the clinical team for
interpretation. Participants often associated the wearable sleep
device and app together when assessing perceived usefulness.
Since participants did not always understand the app metrics
and reports, this affected how they perceived the ring’s
usefulness. For example, a participant said the ring just “gives
you information, it is not an aid.”

Exploratory Analysis by Language
Finally, in secondary analysis, the study team also compared
the main themes across English versus Spanish speakers.
Overall, the team found minimal difference in how participants
perceived the wearable sleep device across language groups.
However, some Spanish-speaking participants experienced
friction because they wanted to translate the content and metrics
displayed in the app from English to Spanish. One participant
said that they would take “a screenshot of whatever [they]
needed and then [go] to Google Translate, Chrome, copy and
paste it and then the translation came up.” Particularly for these
participants, the clinical support team was even more essential
for translation and interpretation of results, to teach them “what
everything means, how it’s calculated, why it goes up or down.”

Discussion

Principal Results
This study examined people with a diagnosed sleep disorder
using the TAM as a framework. In general, the study team’s
findings suggest that the SomnoRing was perceived to have

JMIR Form Res 2023 | vol. 7 | e43067 | p. 6https://formative.jmir.org/2023/1/e43067
(page number not for citation purposes)

Purnell et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


high ease of use as a sleep-tracking device with minimal
interruption to sleep patterns. Participants perceived the
SomnoRing to be more comfortable and easier to use than other
wearables or sleep devices. Many participants, both English-
and Spanish-speaking, noted that perceived ease of use and
usefulness were highly influenced by external variables, such
as family and peer influence, housing status, insurance status,
and device costs—which are critical for considering the uptake
and spread of these technologies to reach diverse users.
Furthermore, the clinical staff played a central role in providing
both clinical and technical support surrounding the device. Last,
we found that participants were interested in the app to
understand their sleep data. However, since the app was not the
focus of this study, some participants had difficulties interpreting
their sleep data. This finding highlights the importance of
combining technology with the interpretation or actionable
steps, such as better definitions in layman’s terms, ranges to
help interpret healthy or unhealthy levels, and recommendations
on how to act upon the data to change their behavior and, in
turn, sleep better. Developers of connected medical devices
need to attend to software as well as hardware, and in particular,
incorporate principles of universal design that make apps and
wearables accessible to a broad range of populations [25]. In
addition, our findings suggest a potential interaction between
our TAM-mapped themes. For example, the perceived
usefulness of the device was directly impacted by the established
relationships between patients and the clinical team, and these
intersections between TAM domains should be explored in
future research.

Comparison to Previous Work
This study is similar to other studies examining the usability of
sleep wearables, such as an emphasis on comfort and minimal
sleep disruptions and the need to link sleep data with actionable
recommendations for behavior change [26,27]. However, this
is the first study to our knowledge that studied the acceptability
of a sleep wearable directly linked to care provided in a safety
net clinic. This is critical given the significant portion of our
findings that highlighted the need for clinical staff
recommendation and reinforcement of technology use for the
participants in this setting.

Limitations
Key limitations of the study include gaps in data collection and
participants’ lack of clarity on the app’s role in the study.
Specifically, the research team could have collected data on the

amount of time clinic staff spent with patients to better
understand technical support needs and how to integrate such
technology into clinical workflows. Furthermore, the clinic
adapted sleep clinic practices to the COVID-19 pandemic,
carefully screening patients for active symptoms; thus, acutely
ill patients may have been excluded from the study. However,
we do not anticipate this impacting our usability findings, given
that all included participants were actively being treated for
their ongoing sleep conditions. Finally, given that the
SomnoRing app was not ready for study inclusion, it was not
emphasized as part of the study protocol. However, because
patients had to use the app to begin and end the SomnoRing
monitoring periods, they took interest in the app data and
metrics, which in turn, influenced their overall study experience
and feedback.

In safety net settings, the treatment of sleep disorders can be
especially challenging. Safety net health systems struggle with
limited resources for staffing and fragmented information
technology [11,12]. Our study underscores how patient-facing
technology like remote monitoring devices or wearables and
smartphone-based apps can be delivered at the point of care,
reaching patients when and where they need it. Embedding
technology successfully in health care requires evaluation of
the technology in the context of real-world practice within the
health system [28]. To understand if technology can improve
sleep treatment across patient groups and settings [13],
approaches must be tested in real-world settings like the safety
net and among patients who face barriers to technology access
and use [29-35].

Conclusions
There is potential for wearable sleep devices to positively impact
sleep health among safety net populations. The participants in
our study perceived SomnoRing to have a high ease of use.
However, this study highlighted the importance of external
variables, such as housing status, insurance coverage, and
clinician support for understanding how safety net populations
engage with such technologies. The TAM can provide a useful
framework to examine how these technologies are accepted
among target groups, like safety net populations. Moving
forward, there is a need for more research on the usability and
context of use of wearable devices, especially within the context
of real-world clinical practice, to inform how to integrate these
technologies into ongoing sleep intervention models and care
operations.

Acknowledgments
The authors would like all participants who shared their experiences in this study and the Redwood Pulmonary Medical Associates
team for their partnership in recruitment, onboarding, and tracking participant progress in the study, as well as Kristan Olazo and
Marika Dy for their contributions to qualitative analysis.

Data Availability
The codebook for the qualitative analysis in this study is available from the principal investigators (CRL or US) upon reasonable
request.

JMIR Form Res 2023 | vol. 7 | e43067 | p. 7https://formative.jmir.org/2023/1/e43067
(page number not for citation purposes)

Purnell et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


Conflicts of Interest
Somnology provided funding for this study and waived the right to see data as well as the right to analyze and interpret results.
MS and KHN received contract funding from Somnology. SL received contract funding from AppliedVR, InquisitHealth, and
Somnology. MSL is a part-owner (shareholder) of Somnology and is employed by Redwood Pulmonary Medical Associates. EB
is employed by Redwood Pulmonary Medical Associates. US receives contract funding from AppliedVR, InquisitHealth, and
Somnology; is supported by a gift from The Doctors Company Foundation; serves as a scientific or expert advisor for nonprofit
organizations HealthTech 4 Medicaid and HopeLab (no compensation); is a member of the American Medical Association’s
Equity and Innovation Advisory Group (for which she receives honoraria); and previously served as a clinical advisor for Omada
Health and as an advisory board member for Doximity (for which she received honoraria). CRL receives contract funding from
AppliedVR, InquisitHealth, and Somnology.

Multimedia Appendix 1
Interview guide.
[DOCX File , 18 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Supplementary table.
[DOCX File , 26 KB-Multimedia Appendix 2]

References

1. Huyett P, Bhattacharyya N. Incremental health care utilization and expenditures for sleep disorders in the United States. J
Clin Sleep Med 2021;17(10):1981-1986 [FREE Full text] [doi: 10.5664/jcsm.9392] [Medline: 33949943]

2. Redline S, Tishler PV, Hans MG, Tosteson TD, Strohl KP, Spry K. Racial differences in sleep-disordered breathing in
African-Americans and Caucasians. Am J Respir Crit Care Med 1997;155(1):186-192 [FREE Full text] [doi:
10.1164/ajrccm.155.1.9001310] [Medline: 9001310]

3. Billings ME, Cohen RT, Baldwin CM, Johnson DA, Palen BN, Parthasarathy S, et al. Disparities in sleep health and potential
intervention models: a focused review. Chest 2021;159(3):1232-1240 [FREE Full text] [doi: 10.1016/j.chest.2020.09.249]
[Medline: 33007324]

4. Dudley KA, Patel SR. Disparities and genetic risk factors in obstructive sleep apnea. Sleep Med 2016;18:96-102 [FREE
Full text] [doi: 10.1016/j.sleep.2015.01.015] [Medline: 26428843]

5. Johnson DA, Jackson CL, Williams NJ, Alcántara C. Are sleep patterns influenced by race/ethnicity-a marker of relative
advantage or disadvantage? Evidence to date. Nat Sci Sleep 2019;11:79-95 [FREE Full text] [doi: 10.2147/NSS.S169312]
[Medline: 31440109]

6. Curtis DS, Fuller-Rowell TE, El-Sheikh M, Carnethon MR, Ryff CD. Habitual sleep as a contributor to racial differences
in cardiometabolic risk. Proc Natl Acad Sci U S A 2017;114(33):8889-8894 [FREE Full text] [doi: 10.1073/pnas.1618167114]
[Medline: 28760970]

7. Patel NP, Grandner MA, Xie D, Branas CC, Gooneratne N. "Sleep disparity" in the population: poor sleep quality is strongly
associated with poverty and ethnicity. BMC Public Health 2010;10:475 [FREE Full text] [doi: 10.1186/1471-2458-10-475]
[Medline: 20701789]

8. Sleep hygiene tips: sleep and sleep disorders. Centers for Disease Control and Prevention. 2019. URL: https://www.cdc.gov/
sleep/about_sleep/sleep_hygiene.html [accessed 2023-04-25]

9. Institute of Medicine. America's Health Care Safety Net: Intact but Endangered. Washington, DC: National Academy Press;
2000.

10. Sarkar U, Chen A. Beyond survival to transformation: investing in safety-net innovation to address the impacts of COVID-19.
Health Affairs Forefront. 2020. URL: https://www.healthaffairs.org/do/10.1377/forefront.20201001.259533/full/ [accessed
2023-04-25]

11. Greenberg H, Fleischman J, Gouda HE, De La Cruz AE, Lopez R, Mrejen K, et al. Disparities in obstructive sleep apnea
and its management between a minority-serving institution and a voluntary hospital. Sleep Breath 2004;8(4):185-192 [FREE
Full text] [doi: 10.1007/s11325-004-0185-1] [Medline: 15611893]

12. Joo MJ, Herdegen JJ. Sleep apnea in an urban public hospital: assessment of severity and treatment adherence. J Clin Sleep
Med 2007;3(3):285-288 [FREE Full text] [doi: 10.5664/jcsm.26800] [Medline: 17561598]

13. Bakker JP, Weaver TE, Parthasarathy S, Aloia MS. Adherence to CPAP: what should we be aiming for, and how can we
get there? Chest 2019;155(6):1272-1287 [FREE Full text] [doi: 10.1016/j.chest.2019.01.012] [Medline: 30684472]

14. Pépin JL, Sapè-Ne M, Benmerad M, Bailly SB, Grillet Y, Stach B, et al. Effectiveness of multimodal remote patient
monitoring at CPAP initiation in obstructive sleep apnea (OSA) with high cardiovascular risk: a randomized trial. Eur
Respir J 2017;50:PA323 [FREE Full text] [doi: 10.1183/1393003.congress-2017.PA323]

JMIR Form Res 2023 | vol. 7 | e43067 | p. 8https://formative.jmir.org/2023/1/e43067
(page number not for citation purposes)

Purnell et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=formative_v7i1e43067_app1.docx&filename=45011299985bcd538776ed4b3f58de63.docx
https://jmir.org/api/download?alt_name=formative_v7i1e43067_app1.docx&filename=45011299985bcd538776ed4b3f58de63.docx
https://jmir.org/api/download?alt_name=formative_v7i1e43067_app2.docx&filename=6914c46d69d86c794ddfd4746a82288c.docx
https://jmir.org/api/download?alt_name=formative_v7i1e43067_app2.docx&filename=6914c46d69d86c794ddfd4746a82288c.docx
https://jcsm.aasm.org/doi/10.5664/jcsm.9392
http://dx.doi.org/10.5664/jcsm.9392
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33949943&dopt=Abstract
https://www.atsjournals.org/doi/10.1164/ajrccm.155.1.9001310
http://dx.doi.org/10.1164/ajrccm.155.1.9001310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9001310&dopt=Abstract
https://journal.chestnet.org/article/S0012-3692(20)34840-6/fulltext
http://dx.doi.org/10.1016/j.chest.2020.09.249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33007324&dopt=Abstract
https://www.sciencedirect.com/science/article/abs/pii/S1389945715000623
https://www.sciencedirect.com/science/article/abs/pii/S1389945715000623
http://dx.doi.org/10.1016/j.sleep.2015.01.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26428843&dopt=Abstract
https://www.dovepress.com/are-sleep-patterns-influenced-by-raceethnicity-a-marker-of-relative-ad-peer-reviewed-fulltext-article-NSS
http://dx.doi.org/10.2147/NSS.S169312
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31440109&dopt=Abstract
https://www.pnas.org/doi/full/10.1073/pnas.1618167114
http://dx.doi.org/10.1073/pnas.1618167114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28760970&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-10-475
http://dx.doi.org/10.1186/1471-2458-10-475
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20701789&dopt=Abstract
https://www.cdc.gov/sleep/about_sleep/sleep_hygiene.html
https://www.cdc.gov/sleep/about_sleep/sleep_hygiene.html
https://www.healthaffairs.org/do/10.1377/forefront.20201001.259533/full/
https://www.thieme-connect.de/products/ejournals/abstract/10.1055/s-2004-860895
https://www.thieme-connect.de/products/ejournals/abstract/10.1055/s-2004-860895
http://dx.doi.org/10.1007/s11325-004-0185-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15611893&dopt=Abstract
https://jcsm.aasm.org/doi/full/10.5664/jcsm.26800
http://dx.doi.org/10.5664/jcsm.26800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17561598&dopt=Abstract
https://journal.chestnet.org/article/S0012-3692(19)30032-7/fulltext
http://dx.doi.org/10.1016/j.chest.2019.01.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30684472&dopt=Abstract
https://erj.ersjournals.com/content/50/suppl_61/PA323
http://dx.doi.org/10.1183/1393003.congress-2017.PA323
http://www.w3.org/Style/XSL
http://www.renderx.com/


15. Turino C, de Batlle J, Woehrle H, Mayoral A, Castro-Grattoni AL, Gómez S, et al. Management of continuous positive
airway pressure treatment compliance using telemonitoring in obstructive sleep apnoea. Eur Respir J 2017;49(2):1601128
[FREE Full text] [doi: 10.1183/13993003.01128-2016] [Medline: 28179438]

16. Munafo D, Hevener W, Crocker M, Willes L, Sridasome S, Muhsin M. A telehealth program for CPAP adherence reduces
labor and yields similar adherence and efficacy when compared to standard of care. Sleep Breath 2016;20(2):777-785
[FREE Full text] [doi: 10.1007/s11325-015-1298-4] [Medline: 26754933]

17. de Zambotti M, Cellini N, Goldstone A, Colrain IM, Baker FC. Wearable sleep technology in clinical and research settings.
Med Sci Sports Exerc 2019;51(7):1538-1557 [FREE Full text] [doi: 10.1249/MSS.0000000000001947] [Medline: 30789439]

18. Robbins R, Seixas A, Masters LW, Chanko N, Diaby F, Vieira D, et al. Sleep tracking: a systematic review of the research
using commercially available technology. Curr Sleep Med Rep 2019;5(3):156-163 [FREE Full text] [doi:
10.1007/s40675-019-00150-1] [Medline: 33134038]

19. BodiMetrics. URL: https://bodimetrics.com/ [accessed 2023-04-25]
20. Davis FD. Perceived usefulness, perceived ease of use, and user acceptance of information technology. MIS Quarterly

1989;13(3):319-340 [FREE Full text] [doi: 10.2307/249008]
21. ApneaLink air. ResMed. 2022. URL: https://www.resmed.com/en-us/healthcare-professional/products-and-support/

home-sleep-testing/apnealink-air/ [accessed 2023-04-25]
22. System Usability Scale (SUS). Usability.gov. 2013. URL: https://www.usability.gov/how-to-and-tools/methods/

system-usability-scale.html [accessed 2023-04-25]
23. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol 2006;3(2):77-101 [FREE Full text] [doi:

10.1191/1478088706qp063oa]
24. Portz JD, Bayliss EA, Bull S, Boxer RS, Bekelman DB, Gleason K, et al. Using the technology acceptance model to explore

user experience, intent to use, and use behavior of a patient portal among older adults with multiple chronic conditions:
descriptive qualitative study. J Med Internet Res 2019;21(4):e11604 [FREE Full text] [doi: 10.2196/11604] [Medline:
30958272]

25. Universal design: what is it? Section508.gov. URL: https://www.section508.gov/blog/Universal-Design-What-is-it/ [accessed
2023-04-25]

26. 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 [FREE
Full text] [doi: 10.2196/14508] [Medline: 32254044]

27. LeBlanc RG, Czarnecki P, Howard J, Jacelon CS, Marquard J. Usability experience of a personal sleep monitoring device
to self-manage sleep among persons 65 years or older with self-reported sleep disturbances. Comput Inform Nurs
2022;40(9):598-605 [FREE Full text] [doi: 10.1097/CIN.0000000000000911] [Medline: 35475981]

28. Rotenberg BW, Murariu D, Pang KP. Trends in CPAP adherence over twenty years of data collection: a flattened curve. J
Otolaryngol Head Neck Surg 2016;45(1):43 [FREE Full text] [doi: 10.1186/s40463-016-0156-0] [Medline: 27542595]

29. Eccles MP, Mittman BS. Welcome to implementation science. Implementation Sci 2006;1(1):1 [FREE Full text] [doi:
10.1186/1748-5908-1-1]

30. Rodriguez JA, Clark CR, Bates DW. Digital health equity as a necessity in the 21st century cures act era. JAMA
2020;323(23):2381-2382 [FREE Full text] [doi: 10.1001/jama.2020.7858] [Medline: 32463421]

31. Bonham-Werling J, Passmore S, Hendricks K, Bednarz L, Faust V, Talaga A, et al. Co-designing to advance community
health and health equity in Wisconsin: building the Neighborhood Health Partnerships Program. J Clin Trans Sci 2021 Feb
18;5(1):e87 [FREE Full text] [doi: 10.1017/cts.2021.11]

32. Arevian AC, O'Hora J, Jones F, Mango J, Jones L, Williams PG, et al. Participatory technology development to enhance
community resilience. Ethn Dis 2018;28(suppl 2):493-502 [FREE Full text] [doi: 10.18865/ed.28.S2.493] [Medline:
30202203]

33. Cheng C, Elsworth GR, Osborne RH. Co-designing eHealth and equity solutions: application of the ophelia (optimizing
health literacy and access) process. Front Public Health 2020;8:604401 [FREE Full text] [doi: 10.3389/fpubh.2020.604401]
[Medline: 33330344]

34. Avila-Garcia P, Hernandez-Ramos R, Nouri SS, Cemballi A, Sarkar U, Lyles CR, et al. Engaging users in the design of an
mHealth, text message-based intervention to increase physical activity at a safety-net health care system. JAMIA Open
2019;2(4):489-497 [FREE Full text] [doi: 10.1093/jamiaopen/ooz049] [Medline: 32025646]

35. Galaviz KI, Breland JY, Sanders M, Breathett K, Cerezo A, Gil O, et al. Implementation science to address health disparities
during the coronavirus pandemic. Health Equity 2020;4(1):463-467 [FREE Full text] [doi: 10.1089/heq.2020.0044] [Medline:
33111032]

Abbreviations
TAM: Technology Acceptance Model

JMIR Form Res 2023 | vol. 7 | e43067 | p. 9https://formative.jmir.org/2023/1/e43067
(page number not for citation purposes)

Purnell et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://erj.ersjournals.com/cgi/pmidlookup?view=long&pmid=28179438
http://dx.doi.org/10.1183/13993003.01128-2016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28179438&dopt=Abstract
https://link.springer.com/article/10.1007/s11325-015-1298-4
http://dx.doi.org/10.1007/s11325-015-1298-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26754933&dopt=Abstract
https://journals.lww.com/acsm-msse/Fulltext/2019/07000/Wearable_Sleep_Technology_in_Clinical_and_Research.23.aspx
http://dx.doi.org/10.1249/MSS.0000000000001947
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30789439&dopt=Abstract
https://link.springer.com/article/10.1007/s40675-019-00150-1
http://dx.doi.org/10.1007/s40675-019-00150-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33134038&dopt=Abstract
https://bodimetrics.com/
https://www.jstor.org/stable/249008
http://dx.doi.org/10.2307/249008
https://www.resmed.com/en-us/healthcare-professional/products-and-support/home-sleep-testing/apnealink-air/
https://www.resmed.com/en-us/healthcare-professional/products-and-support/home-sleep-testing/apnealink-air/
https://www.usability.gov/how-to-and-tools/methods/system-usability-scale.html
https://www.usability.gov/how-to-and-tools/methods/system-usability-scale.html
https://www.tandfonline.com/doi/abs/10.1191/1478088706qp063oa
http://dx.doi.org/10.1191/1478088706qp063oa
https://www.jmir.org/2019/4/e11604/
http://dx.doi.org/10.2196/11604
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30958272&dopt=Abstract
https://www.section508.gov/blog/Universal-Design-What-is-it/
https://formative.jmir.org/2020/4/e14508/
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
https://journals.lww.com/cinjournal/Abstract/2022/09000/Usability_Experience_of_a_Personal_Sleep.4.aspx
http://dx.doi.org/10.1097/CIN.0000000000000911
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35475981&dopt=Abstract
https://journalotohns.biomedcentral.com/articles/10.1186/s40463-016-0156-0
http://dx.doi.org/10.1186/s40463-016-0156-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27542595&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-1-1
http://dx.doi.org/10.1186/1748-5908-1-1
https://jamanetwork.com/journals/jama/article-abstract/2766776
http://dx.doi.org/10.1001/jama.2020.7858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32463421&dopt=Abstract
https://www.cambridge.org/core/journals/journal-of-clinical-and-translational-science/article/codesigning-to-advance-community-health-and-health-equity-in-wisconsin-building-the-neighborhood-health-partnerships-program/81B780B4D073351C924F7FD23E0184D7
http://dx.doi.org/10.1017/cts.2021.11
https://www.ethndis.org/edonline/index.php/ethndis/article/view/974
http://dx.doi.org/10.18865/ed.28.S2.493
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30202203&dopt=Abstract
https://www.frontiersin.org/articles/10.3389/fpubh.2020.604401/full
http://dx.doi.org/10.3389/fpubh.2020.604401
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33330344&dopt=Abstract
https://academic.oup.com/jamiaopen/article/2/4/489/5585874?login=false
http://dx.doi.org/10.1093/jamiaopen/ooz049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32025646&dopt=Abstract
https://www.liebertpub.com/doi/10.1089/heq.2020.0044
http://dx.doi.org/10.1089/heq.2020.0044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33111032&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by A Mavragani; submitted 28.09.22; peer-reviewed by O Zhabenko, J Roland; comments to author 27.02.23; revised version
received 20.03.23; accepted 27.03.23; published 05.06.23

Please cite as:
Purnell L, Sierra M, Lisker S, Lim MS, Bailey E, Sarkar U, Lyles CR, Nguyen KH
Acceptability and Usability of a Wearable Device for Sleep Health Among English- and Spanish-Speaking Patients in a Safety Net
Clinic: Qualitative Analysis
JMIR Form Res 2023;7:e43067
URL: https://formative.jmir.org/2023/1/e43067
doi: 10.2196/43067
PMID: 37098152

©Larissa Purnell, Maribel Sierra, Sarah Lisker, Melissa S Lim, Emma Bailey, Urmimala Sarkar, Courtney R Lyles, Kim H
Nguyen. Originally published in JMIR Formative Research (https://formative.jmir.org), 05.06.2023. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR
Formative Research, is properly cited. The complete bibliographic information, a link to the original publication on
https://formative.jmir.org, as well as this copyright and license information must be included.

JMIR Form Res 2023 | vol. 7 | e43067 | p. 10https://formative.jmir.org/2023/1/e43067
(page number not for citation purposes)

Purnell et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://formative.jmir.org/2023/1/e43067
http://dx.doi.org/10.2196/43067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37098152&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/



