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¢ Performance evaluation studies assessing the measurement qualities of wearable sleep trackers are increasingly published and
promoted by the community. The currently available landscape for performance evaluation studies of wearable sleep-tracking
technology is biased, i.e., most evidence is derived from study cohorts of young healthy adults under controlled laboratory condi-
tions with little representation of minorities and individuals with chronic illnesses or sleep disorders. There is often no or minimal
regard for other physiologic or external factors that may challenge the performance of these devices in real-world applications
as intended. Here, we provide recommendations on how to interpret and contextualize studies evaluating the performance of
wearable sleep-tracking technology and provide considerations when integrating wearable sleep-tracking in research.

¢ Automatically processed outputs from contemporary research/clinical-grade devices should not be exempt from rigorous performance
evaluation due to the “research/clinical-grade” status of the device.

e While widely used and perceived as easy to use by most, consumer-grade devices hold hidden complexity (e.g., data access, fees,
privacy, and security) driven by the fact that these devices are largely designed for consumers and not for research/clinical use.

¢ Data preprocessing steps may be required to properly use and interpret large-scale wearable sleep-tracking technology data.

e Careful interpretation of study results based on wearable sleep-tracking technology data is needed.

Why do we need recommendations for the
use of wearable sleep-tracking technology?

Over recent years, the capabilities and modalities to measure
sleep in free-living conditions have drastically changed. From the
consumer space, several new devices with sleep-tracking capabil-
ities have been introduced to the market (e.g., wearables, neara-
bles, and in-bed sensors). Moving beyond traditional sleep/wake
assessments, many of these devices now measure sleep-related
physiology (e.g., breathing rate, skin temperature, and cardiac
autonomic indices during sleep) and generate proxies of sleep
stages and cardiopulmonary sleep-related events (e.g., 02 desatu-
ration). They offer opportunities for continuous, unobtrusive, and
large-scale sleep monitoring in the individual’s typical sleeping
environment. Though the appropriateness of their use remains
a matter of debate, these largely unregulated devices (mainly
wearables) are increasingly adopted in sleep research and inves-
tigations across other scientific disciplines. Patients frequently
bring wearable acquired data to their healthcare provider with
variable uptake. The characteristics of a consumer product (e.g.,
user-centered design and functionalities and maintenance of
manufacturer intellectual property), the lack of clarity surround-
ing the algorithms applied to the acquired physiological signals
and the ability of the output to approximate gold-standard meas-
ures, and the lack of recommendations regarding appropriate
research and clinical use are of concern.

On the other hand, the field of research and clinical-grade
ambulatory sleep monitoring is rapidly evolving with resultant
challenges for end users. For instance, Philips Respironics recently
announced the discontinuation of the Actiwatch, the most widely
used and well-accepted US Food and Drug Administration (FDA)
cleared wrist-worn actigraph. In parallel, a new class of research/
clinical-grade devices has emerged, featuring multiple sensors,
machine learning-based sleep stages classifications, wireless
communication protocols, and cloud services similar to commer-
cial sleep trackers while providing the ability to access raw signal
from their devices and maintaining transparency around algo-
rithm development and software updates, similar to traditional
actigraphy.

Sleep researchers and clinicians now face the difficult task of
selecting accurate and reliable alternative sleep-tracking devices
that are acceptable to study participants and patients without the
necessary foundational knowledge to make an informed decision.

The Sleep Research Society (SRS) received requests from its mem-
bers and others in the sleep field for recommendations and sup-
port regarding the utilization of wearable sleep-tracking devices
for sleep and circadian research in this rapidly evolving techno-
logical landscape. In response to these requests and to promote
the informed and proper use of sleep-tracking technology, the SRS
recruited a panel of experts to provide state of science and rec-
ommendations for using wearable technology in sleep and circa-
dian research. The goals of this manuscript are to provide answers
regarding the data, accuracy, appropriate selection, and imple-
mentation of wearable sleep-tracking devices. The panel mem-
bers were carefully selected to ensure comprehensive coverage
of expertise in various aspects related to the utilization of sleep
wearable technology. This included individuals with deep insights
into both research and clinical applications, as well as those well-
versed in the domains of sleep and circadian rhythms. Moreover,
we incorporated perspectives from both academia and industry to
offer a well-rounded view. Our panel also boasted a diverse array
of competencies, encompassing the rationale and practical appli-
cations of wearable technology, the intricate hardware and soft-
ware components that underpin these devices, and the nuances
of processing data collected through wearables. Additionally, we
considered the essential statistical factors crucial in the analysis
of wearable data. Throughout this collaborative effort, the panel
convened for several online meetings. These sessions served as a
platform for discussions, debates, and collective decision-making.
The culmination of these interactions resulted in the crafting and
endorsing the final manuscript. In addition, the SRS reviewed and
endorses the major findings of this manuscript.

Here, we cover wearable sleep-tracking technology only due to
its wide adoption, with particular emphasis on consumer-grade
devices. We specifically refer to devices physically donned by
an individual that monitor non-electroencephalographic (EEG)
signals (i.e., motion, pulse, temperature) to provide an estimate
of sleep-related parameters. For instance, these include the
widely used wrist-worn smartwatches and, most recently, rings.
Therefore, EEG devices including ambulatory polysomnography
(PSG) and consumer-grade headbands as well as devices that use
photoplethysmography (PPG) for the main purpose of monitor-
ing oxygen saturation and quantification of other respiratory and
cardiovascular parameters, home sleep apnea tests, and other
devices used for cardiopulmonary or seizure monitoring, are not
covered here.
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