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EDITORIAL

Fitness Tracker to Assess Sleep: Beyond the Market

Commentary on de Zambotti et al. Validation of sleep-tracking technology compared with polysomnography in adolescents. SLEEP 2015;38:

1461-1468.
Dalva Poyares, MD, PhD; Camila Hirotsu, PhD; Sergio Tufik, MD, PhD

Department of Psychobiology, Universidade Federal de Sao Paulo (UNIFESP), Brazil

In this issue of SLEEP, de Zambotti and colleagues' make an
important contribution to a topic that has been the subject of a
great deal of recent discussion in this field: the lack of valida-
tion of new technologies for sleep monitoring. In the light of
the increasing availability of micro electromechanical sensor
systems,” we have witnessed an explosion of mobile applica-
tions and self-monitoring devices.® Indeed, several apps and
small sensors that are able to self-monitor behavior and health
parameters have become popular, particularly in smartphones.
Most sleep activity devices, especially those based on accel-
erometers (a technology that uses lack of movement to de-
termine sleep) fail to reflect the complexity of the sleep state,
although they do enable consumers to manage to some extent
their health data with the purpose of promoting general well-
being. However, the companies that make these products do
not claim to be selling a “medical device.” To date, there has
been no evidence of any positive effects on health from using
these devices; but the question is how aware of this is the av-
erage consumer?

Another factor that has encouraged the development of
health self-management devices is the increase in chronic dis-
eases and aging populations. It is possible that these devices
may reach a level of complexity that will enable patients to
better manage their chronic diseases. However, before this
happens, the technologies will need to be properly validated
in both healthy and chronic disease patients. Regarding ac-
celerometer-based sleep-wake trackers, whether these devices
reliably estimate fragmented sleep, or the sleep of people with
different sleep disorders is a matter in need of scientific study.
There have been some studies showing that even the most well-
validated actigraphy systems used by among sleep researchers
still have problems with specificity when estimating sleep pa-
rameters in general or clinical populations.**

A recent review identified a critical absence of supporting
evidence for the advertised functions and benefits in the ma-
jority of the devices.? Six out of seven devices did not provide
any information about sensor accuracy and output validity.
The main issue, however, is that although there is little evi-
dence concerning the benefits of electronic devices that track
sleep, activity, diet, and health, they are being widely used.
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Given their growing use, it is prudent to not only assess the
efficacy and sensitivity of these devices, but also the type of
user. For example, it is difficult to estimate the cognitive effect
of controlling sleep/wake on insomnia patients, in particular if
the sleep tracker output is unreliable.

Some studies have evaluated the accuracy of these apps
when measuring activity or calories used. However, the study
by de Zambotti is original because it evaluated the accuracy
of a popular self-tracker device, Jawbone UP, compared with
polysomnography (PSG), in adolescents, a population in which
technology and self-trackers are very popular.! According to
the results, Jawbone UP overestimated total sleep time (TST)
and underestimated wake after sleep onset (WASO); however,
the differences were not clinically meaningful. When the Bland
Altman plot was analyzed, there was good agreement between
PSG and Jawbone UP in TST and WASO, corroborating pre-
vious studies.*® On the other hand, a recent study by Bhat et al.
showed that a well-known sleep monitoring app (Azumio Inc.)
failed to correlate with PSG results and performed poorly in
reporting absolute sleep parameters or sleep stages.’

Interestingly, in their sample of adolescents, de Zambotti
demonstrated that there was a progression from underestima-
tion to overestimation of PSG total sleep time with Jawbone
UP with advancing age.! This result suggests that the accuracy
of devices based on accelerometers may decrease with age
to the point that the authors suggest that age is an important
factor to be considered in the development of novel algorithms
for motion analysis in sleep/wake assessment.

In a previous paper by de Zambotti, the authors also evalu-
ated the agreement between Jawbone UP and PSG assessing
sleep in a sample of 28 midlife women.® For standard actig-
raphy, Jawbone UP had high sensitivity in detecting sleep and
low specificity in detecting wake. Also, the sleep tracker over-
estimated TST and sleep onset latency, and underestimated
WASO, with greater discrepancies in nights with more dis-
rupted sleep compared to PSG. The higher discrepancy found
in nights with more disrupted sleep is a warning not to use
the devices with insomnia patients, a condition that manifests
itself in disrupted sleep and is prevalent among midlife women.
This type of limitation may be partially overcome by using ex-
tended data recording, to take into account daily variability
and provide data on circadian rhythm.®

Another output found by Zambotti in Jawbone UP device is
“sound sleep” and “light sleep.”" The former was significantly
associated with N2 and REM sleep, but not with N3 (assumed
to be the deepest sleep stage). Also, the author found that
“light sleep” was positively associated with the PSG arousal
index, awakening index and time in N2 and N3. The N1 stage,
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which could be considered “light sleep,” did not appear to
be significant in the models. One may wonder whether this
inaccuracy could be higher in patients with sleep disorders,
namely sleep disordered breathing, insomnia, or periodic leg
movements.

Kim and colleagues evaluated in two studies the general
profile of female college students who were supposedly fa-
miliar with apps. They used self-trackers for activity, sleep,
and diet monitoring for at least 90 consecutive days. The au-
thors reported that what they called perceived threat, perceived
usefulness, and perceived ease of use significantly affected the
health consumer’s attitude and behavioral intention.”!° They
also identified subtle behavioral and emotional changes caused
by self-tracking, self-reflection, self-management, and data re-
cording. They noticed examples that included failing to meet
self-set goals when users temporarily felt relieved from the
constant “survey” by the self-tracker, and altering their daily
behaviors in order to simplify the recording process. It is pos-
sible that the results would have been different if the study had
been carried out in patients with sleep disorders, but we still
do not know what the effect of constant monitoring would be,
in particular in the sleep/wake and self-attitude of insomnia
patients.

In the light of current literature and with the characteristics
of available sleep-trackers, we find that their use cannot be rec-
ommended for older patients and patients with medical condi-
tions, especially without professional medical supervision. In
the future, improvements in sleep detection accuracy and more
sophisticated hardware and software providing reliable feed-
back output function, may make it possible for the user to be
warned of a possible sleep disorder, enabling earlier medical
intervention. We also suggest testing future devices in sleep
disordered and other special populations.
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