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Study Objectives: To compare sleep parameters produced by the Fitbit Charge 3 (Fitbit) and Actigraph GT9X accelerometer (Actigraph) to polysomnography

in children and adolescents.

Methods: Participants (n = 56, ages 9.2 + 3.3 years) wore a Fitbit and an Actigraph on their nondominant wrist concurrently with polysomnography during an
overnight observation ata children’s sleep laboratory. Total sleep time, sleep efficiency, wake after sleep onset, sleep onset, and sleep offset were extracted from the
Fitabase and Actilife software packages, respectively, with the Sadeh algorithm. Bland-Altman plots were used to assess the agreement between wearable devices
and polysomnography.

Results: Seventy-nine percent of participants were diagnosed with OSA. Compared with polysomnography, the Fitbit and the Actigraph underestimated total
sleep time by 6.1 minutes (absolute mean bias [AMB] =27.7 minutes) and 31.5 minutes (AMB = 38.2 minutes), respectively. The Fitbit overestimated sleep efficiency
by 3.0% (AMB = 6.3%), and the Actigraph underestimated sleep efficiency by 12.9% (AMB = 13.2%). The Fitbit overestimated wake after sleep onset by 18.8
minutes (AMB = 23.9 minutes), and the Actigraph overestimated wake after sleep onset by 56.1 minutes (AMB = 54.7 minutes). In addition, the Fitbit and the
Actigraph underestimated sleep onset by 1.2 minutes (AMB = 13.9 minutes) and 10.2 minutes (AMB = 18.1 minutes), respectively. Finally, the Fitbit and the
Actigraph overestimated sleep offset by 6.0 minutes (AMB = 12.0 minutes) and 10.5 minutes (AMB = 12.6 minutes). Linear regression indicated significant trends,
with the Fitbit underestimating wake after sleep onset and sleep efficiency at higher values.

Conclusions: The Fitbit provided comparable and in some instances better sleep estimates with polysomnography compared to the Actigraph. Findings support the use

of multichannel devices to measure sleep in children and adolescents. Additional studies are needed in healthy children over several nights and in free-living settings.
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BRIEF SUMMARY

Current Knowledge/Study Rationale: Single-channel devices, such as accelerometers, estimate sleep parameters using movement data and are limited
by their ability to detect wake periods during overnight sleep. Wearable devices that incorporate multichannel input (ie, heart rate and movement) may
enhance sleep detection compared with single-channel devices.

Study Impact: Sleep parameter estimation in children and adolescents was comparable between the multichannel Fitbit Charge 3 and the single-channel
Actigraph GT9X devices compared with polysomnography, with the Fitbit providing better estimates in some instances. Multichannel devices hold promise
for sleep measurement in large samples of children and adolescents, but further validation studies are needed in healthy samples of children over several
nights and in free-living settings (eg, in the home).
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INTRODUCTION

Over the past 20 years, accelerometry has been a widely ac-
cepted measurement tool to assess sleep in settings where the
gold standard, polysomnography (PSG), is not feasible (ie, free-
living environments [such as in the home], longitudinal stud-
ies, large samples of patients).! Wrist-based accelerometry is
advantageous compared with PSG because it is noninvasive,
requires little to no effort on the part of the participant, and can
be worn for extended periods of time. Accelerometers are
single-channel devices that use data from a single sensor to
measure movement during the night and apply algorithms to
estimate sleep and wake periods.? In children and adolescents,
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wrist-based accelerometry is a valid and reliable way to
measure sleep, yet the ability to detect wakefulness, based solely on
movement, is poor.>* This inability to accurately detect wake-
fulness during a sleep period, especially among those who
experience greater night awakenings and movement (eg, OSA,
periodic limb movement disorder), is commonly noted as a limitation
in research studies, yet few advances have been made to improve this
limitation." This is problematic because inaccurate reporting of
wake after sleep onset (WASO) alters other sleep parameter es-
timates such as total sleep time (TST) and sleep efficiency (SE).’

Differences between accelerometry and PSG sleep parameters
are attributed to the single channel of input (ie, movement) from
the accelerometer as compared with PSG, which simultaneously
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collects multiple channels of data including brain activity, heart
rate, eye movement, muscle tone, and movement.' Multichannel
devices, such as those marketed by Fitbit, Garmin, and Polar,
provide the same advantages of single-channel wrist-based
devices (eg, inexpensive, low participant burden, record over
several nights) but improve upon single-channel limitations by
measuring heart rate via photoplethysmography in addition to
accelerometer-measured movement. Devices that utilize two
channels of data (ie, movement and heart rate) may provide
better sleep estimates than single-channel (ie, movement) wrist-
based devices when compared with PSG.¢

To date, three studies have examined the validity of multi-
channel devices against PSG.” The multichannel devices
examined included the Fitbit Charge HR,® the Fitbit Alta HR,’
and the Polar A370.° Only 1 study validated estimates against
in-laboratory PSG and found that the Fitbit Charge HR over-
estimated TST by 8.0 minutes, overestimated SE by 1.8%, and
underestimated WASO by 5.6 minutes.® Further, these studies
sampled predominantly adolescents, so validation studies in-
cluding younger children are needed. Devices with multi-
channel input, such as some commercially available devices,
have the potential to improve upon single-channel-only,
accelerometry-based sleep estimates and hold promise for re-
searchers interested in collecting objective sleep data in children
and adolescents. Therefore, the purpose of this study was to
compare sleep parameters produced by a multichannel device (ie,
the Fitbit Charge 3 [Fitbit]; Firmware version 28.20001.63.5,
Fitbit Inc., San Francisco, CA) and a single-channel device (ie,
the Actigraph GT9X [Actigraph]; Firmware 1.7.2, Actigraph
LLC, Pensacola, FL) with those produced by PSG in children
and adolescents.

METHODS

Participants

Participants were recruited from a sleep clinic located at a local
children’s hospital that serves children from a greater metro-
politan area in the southeastern United States. Children were
referred for an overnight sleep study to this clinic by their
pediatrician for conditions such as snoring, enlarged tonsils, or
restless sleep. From November 2019 to February 2020, children
(aged 3—17 years) and their families were mailed study infor-
mation with their regularly scheduled appointment information.
Ifthey were interested in participating, then parents and children
completed the consent packet and brought it to their appoint-
ment or completed it in the sleep clinic before the child’s sleep
study began. Parents completed an informed consent document
and children completed an assent document (verbally if aged <
13 years). Children were excluded from participation if they
were < 3 years or > 17 years or if a parent/guardian did not
provide consent. Participating families received a $20 gift card
after the completion of the study. All study procedures were
approved by the lead author’s institutional review board.

Polysomnography

The Cadwell Easy III equipment (Cadwell, Kennewick, WA)
was used by trained sleep technicians to perform overnight PSG
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in the sleep center at a local children’s hospital. Channels
monitored included 4 electroencephalograms, 2 electrooculo-
grams, 2-leg electromyography, electrocardiogram, snoring
microphone, oxygen saturation, oro-nasal flow thermistor,
nasal pressure transducer, abdominal respiratory movement,
chest respiratory movement, chin electromyography, plethys-
mography, and end-tidal CO,. Results were scored using the
American Academy of Sleep Medicine pediatric scoring
rules'®!! and were interpreted by a pediatric sleep specialist.

Multichannel device

Children wore a Fitbit Charge 3 on their nondominant wrist
simultaneously with a research-grade accelerometer while
overnight PSG was conducted. Devices were placed by a trained
sleep technologist and removed the following morning. The
Fitbit combines movement data measured by triaxial accel-
erometry with heart rate variability measured by photo-
plethysmography to estimate sleep parameters using a
proprietary algorithm. Each Fitbit was synced via Bluetooth to
the Fitbit Connect app. Sleep parameter estimates were cal-
culated by the Fitbit proprietary algorithm. Estimates were then
extracted from Fitabase (Small Steps Labs LLC, San Diego,
CA), a cloud-based data management software, and included
measurements of TST, SE, WASO, sleep onset, and sleep offset.
Fitabase was used because it allows researchers to batch-export
Fitbit-generated sleep parameters. Initially, we also planned to
validate the Garmin Vivosmart 4 (Garmin Inc., Olathe, Kansas)
against PSG in this study, but this device was removed from the
protocol because of device difficulties with inconsistent data
collection. Garmin recommends wearing the device for at least
2 hours before bedtime to detect and record sleep, but this
timeline was not possible in the current study.

Single-channel device

Children wore an Actigraph GT9x Link triaxial accelerometer
on their nondominant wrist directly above the Fitbit. The
Actigraph is a research-grade device frequently used with
children participating in behavioral research.’ Data were col-
lected at a sampling rate of 30 Hz and downloaded in 1-second
epochs. Sleep data were converted to 60-second epochs and
processed in Actilife Software (version 6.13.4, Actigraph
LLC, Pensacola, Florida) using the Sadeh algorithm.? Sleep
reports were generated in Actilife, which produced estimates
for each of the sleep parameters of interest.

Data analysis

Outcomes of interest included TST (minutes), WASO (min-
utes), sleep efficiency (percentage), sleep onset, and sleep offset
because these were available from all 3 pieces of equipment.
Descriptive statistics were calculated for participants’ demo-
graphic information and all sleep parameters. Bland-Altman
plots were constructed to show the level of agreement between
the Fitbit, the Actigraph, and PSG for each sleep parameter.'?
Positive bias values indicated underestimation by the device,
and negative bias values indicated overestimation by the device
compared with PSG. Linear regression with the difference
between devices (ie, PSG — Fitbit or PSG — Actigraph) as the
independent variable and the PSG estimate as the dependent
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variable was used to determine whether statistically significant
trends in the bias were present for each parameter. All statistical
analyses were conducted in Stata (version 16, StataCorp LLC,
San Antonio, TX).

RESULTS

Of the 94 eligible children during the study period, 71 (76%)
enrolled in the study. Children were excluded from analyses if
they had incomplete data because of stopping PSG early (n=1),
Actigraph malfunction (n = 3), Fitbit malfunction (n = 6), or if
they removed the device during the night (n = 1). The Fitbit
may have failed to collect data if the device was not worn tight
enough to detect heart rate throughout the night. In addition, 3
children were excluded from analyses because the parents did
not release their child’s PSG sleep report with parameters and
diagnoses even though they initially consented to participate in
the study. One child was also excluded because of complex
coexisting medical conditions. Fifty-six children and ado-
lescents (ages 9.2 + 3.3 years, 55% female, 57% Black) had
complete data and were included in the analyses. Most of
the patients were diagnosed with OSA (after the PSG), and
just under half fell within the obese weight category based on
age- and sex-specific body mass index percentile categories
(Table 1). Relative biases for each sleep parameter by age
group (ie, ages 2-5, 611, and 12—17 years) are presented in
Table S1 in the supplemental material. Because of small sample
sizes within age groups, specific age-related analyses were
not conducted, and descriptive data should be interpreted
with caution.

TST

According to PSG, children slept for approximately 6.2 hours
onaverage on the night of data collection (Table 1). As shown in
Figure 1A, the Fitbit underestimated TST by 6.1 £36.2 minutes
compared with PSG, and the Actigraph underestimated TST by
31.5 + 34.6 minutes. The limits of agreement for both devices
showed a comparable range. The absolute mean bias (AMB)
was 27.7 +23.8 minutes and 38.2 + 26.9 minutes for the Fitbit
and the Actigraph, respectively. There was a statistically sig-
nificant positive trend in the Bland-Altman data between the
Actigraphand PSG with aslope and standard error of0.33+0.10
(95% confidence interval [CI], 0.13-0.53; P=.002), suggesting
that the Actigraph underestimated TST as TST increased. The
direction and magnitude of differences between the devices and
PSG were plotted with each bar representing an individual
participant’s overnight sleep (Figure 2A). The zero value in the
figure indicates the PSG estimate. The green bar indicates an
overlap in parameter estimation between the Fitbit and the
Actigraph. When the bar emerges as blue or yellow, either the
Fitbit (blue) or the Actigraph (yellow) had a greater difference in
magnitude than the other. There were 8 instances (14%) where
the Fitbit difference was greater than the Actigraph difference in
the same direction, 25 instances (45%) where the Actigraph
difference was greater than the Fitbit difference in the same
direction, and 23 instances (41%) where the differences were in
opposite directions.
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Table 1—Demographic characteristics of the sample (n = 56).

n %

Sex

Male 25 446

Female 31 55.4
Race/ethnicity

White 21 37.5

Black 32 571

Hispanic 3 54
BMI category

Underweight 3 54

Normal or healthy weight 23 418

Overweight 4 7.3

Obese 25 455
Diagnosis

Mild OSA 27 48.2

Moderate/severe OSA 17 30.4

Elevated periodic limb movement 4 71

None 8 14.3

Mean SD

Age (range, 3-17 y) 9.2 3.3
zBMI 1.0 14
PSG

TST 370.9 53.0

Efficiency 88.0 10.7

Latency 20.1 26.5

WASO 30.1 34.8
Actigraph GT9x

TST 341.1 46.3

Efficiency 75.8 9.4

Latency 25.6 314

WASO 84.4 37.9
Fitbit Charge 3

TST 364.9 55.9

Efficiency 92.0 48

WASO 32.8 231

BMI = body mass index, PSG = polysomnography, SD = standard de-
viation, TST = total sleep time, WASO = wake after sleep onset, zZBMI =
body mass index z-score.

SE

Average SE was 88% as reported by PSG. The Fitbit over-
estimated SE by 3.0% =+ 7.7%, and the Actigraph under-
estimated SE by 12.9% =+ 7.7% (Figure 1B). The limits of
agreement for both devices showed a similar range. The AMB
was slightly smaller for the Fitbit (6.3% + 5.4%) than for the
Actigraph (13.2% = 6.7%). There was a statistically significant
positive trend in the Bland-Altman data between the Fitbit and
PSG with a slope 0f 0.81 £0.08 (95% CI, 0.65-0.98; P <.001).
There was a similartrend in data between the Actigraph and PSG
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Figure 1—Bland-Altman plots.
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with a slope of 0.37 + 0.13 (95% CI, 0.12-0.63; P = .005),
suggesting that both devices underestimated SE at higher
values of SE. There were 3 instances (5%) where the Fitbit
difference was greater than the Actigraph difference in the same
direction, 18 instances (32%) where the Actigraph difference
was greater than the Fitbit difference in the same direction, and
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35 instances (63%) where the differences between devices were
in opposite directions (Figure 2B).

WASO
During the overnight PSG, children experienced an average
of 30 minutes of WASO. The Fitbit overestimated WASO by
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Figure 2—Difference between Fitbit Charge 3 and Actigraph versus PSG.
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18.8 + 19.5 minutes and the Actigraph overestimated WASOby  minutes) was nearly half that of the Actigraph (54.7 = 33.2
56.1 +33.6 minutes (Figure 1C). The Fitbit showed anarrower ~ minutes). There was a statistically significant positive trend for
range in the limits of agreement. The Fitbit’s AMB (23.9 £ 13.1 both the Fitbit, with a slope 0f 0.68 = 0.14 (95% CI, 0.39-0.97;
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P <.001), and the Actigraph, with a slope of 0.45 £ 0.21 (95%
CI, 0.04-0.87; P=.034). This finding suggests that both devices
tended to underestimate WASO at higher values of WASO. There
were 6 instances (11%) where the Fitbit difference was greater
than the Actigraph difference in the same direction, 40 instances
(71%) where the Actigraph difference was greater than the Fitbit
difference in the same direction, and 10 instances (18%) where
the differences were in opposite directions (Figure 2C).

Sleep onset

In this sample of children and adolescents, the average sleep
onset time was 10:41 pm based on PSG. The Fitbit under-
estimated sleep onset by 1.2 + 25.8 minutes and the Actigraph
underestimated sleep onset by 10.2 £34.5 minutes (Figure 1D).
Similar to WASO, the limits of agreement for the Fitbit showed
a narrower range. The Fitbit’s AMB (13.9 +21.7 minutes) was
slightly less than that of the Actigraph (18.1 + 31.1 minutes).
There was a statistically significant positive trend for the
Actigraph, with a slope of 0.36 = 0.10 (95% CI, 0.16-0.55),
which indicates that this device underestimated sleep onset at
later onset times. There were 15 instances (27%) where the Fitbit
difference was greater than the Actigraph difference in the same
direction, 19 instances (34%) where the Actigraph difference
was greater than the Fitbit difference in the same direction, 19
instances (34%) where the differences were in opposite di-
rections, and 3 instances (5%) where the differences were equal
in the same direction (Figure 2D).

Sleep offset

The average sleep offset time as reported by PSG was 5:22 am.
The Fitbit and the Actigraph similarly overestimated sleep
offset by 6.0 = 23.3 minutes and 10.5 £ 18.1 minutes, re-
spectively (Figure 1E). The Actigraph had a narrower range in
the limits of agreement. The AMB was nearly identical for the
Fitbit (12.0 £ 20.5 minutes) and the Actigraph (12.6 = 19.8
minutes). There were no statistically significant trends in the
data for either device. There were 18 instances (32%) where the
Fitbit difference was greater than the Actigraph difference in
the same direction, 23 instances (41%) where the Actigraph
difference was greater than the Fitbit difference in the same
direction, 9 instances (16%) where the differences were in
opposite directions, and 6 instances (11%) where the differences
were equal in the same direction (Figure 2E).

DISCUSSION

The goal of this study was to evaluate the validity of a multi-
channel wrist-based device (ie, the Fitbit Charge 3) that com-
bines accelerometry and photoplethysmography to detect sleep
and wake periods. We compared Fitbit and Actigraph measures
of TST, SE, WASO, sleep onset, and sleep offset against PSG,
the gold-standard measure, in a sample of children and ado-
lescents with suspected sleep disorders. Findings indicated that
the Fitbit performed as well as and in most instances better than
the Actigraph when compared with PSG.

Previous validations of multichannel devices have focused
exclusively on healthy participants.”” Four previous studies
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have assessed the agreement between commercially available
devices and PSG in children with suspected and diagnosed
OSA, but these studies utilized single-channel devices (ie,
movement only).'*'® Three of these 4 studies reported an
overestimation of TST by 10-40 minutes,'*"'® and all reported
anunderestimation of WASO by 9-32 minutes.'*™'® The present
study found results in the opposite direction, with the Fitbit
underestimating TST by 6 minutes and overestimating WASO by
19 minutes. The combination of movement and heart rate in the
newer Fitbit sleep detection algorithm (ie, found in the Fitbit
Charge 3) has been shown to more accurately detect wakefulness
during sleep periods in adults'” and thus may show a similar
pattern in children and adolescents. The inclusion of heart
rate measurement seems to be a key improvement over single-
channel devices, which generally overestimate TST and inac-
curately detect WASO especially with greater time spent awake
after sleep onset.>!’

To date, only three studies have been conducted to validate
and assess the agreement between multichannel devices (ie,
movement and heart rate) and PSG.”” None of these studies
are directly comparable to the current study because each used
different single- and multichannel devices, sampled different
age groups, and used PSG in various settings. Because different
multichannel devices were used in each of these studies, it is
possible that the devices’ proprietary algorithms differed, which
may explain the difference in findings. However, all three
studies found that the tested multichannel device provided
similar if not more accurate measures of sleep than single-
channel accelerometry when compared with PSG. Of the three
studies, our findings were most similar in terms of direction to
those of Pesonen and Kuula,” who examined the Polar A370
device (Polar Electro Inc., Lake Success, NY) against PSG. The
authors reported an underestimation of 29 and 21 minutes for
TST, an overestimation of 24 and 12.5 minutes for WASO, and
an underestimation of 4.5% and 3% for SE in 17 school-aged
children (ages 9-11 years) and 17 adolescents (ages 17-19
years), respectively.’ In addition, theirs has been the only study
to report agreement for sleep onset and offset and found that
the Polar A370 overestimated sleep onset by 5 and 13 minutes
for the school-aged and adolescent age groups, respectively.’
Finally, sleep offset in their study was equivalent in the school-
aged group and underestimated by 1 minute in the adolescent
age group.’ This finding is similar to our reported underesti-
mation of sleep onset by 1 minute and overestimation of sleep
offset by 6 minutes for the Fitbit. Differences across both studies
in sleep onset and offset are likely clinically negligible. Both
studies drew similar conclusions that the tested multichannel
devices perform as well as single-channel devices and that the
discrepancies from PSG seem to be somewhat less in multi-
channel devices than in research-grade single-channel devices.

Lee, Chee, Ong, et al’ examined the agreement between the
Fitbit Alta HR and a quasi-laboratory-based PSG (ie, limited
PSG setup) in a boarding school over several nights with dif-
ferent sleep durations in 58 adolescents (ages 15—19 years). The
Fitbit Alta HR underestimated TST by 2447 minutes and
overestimated WASO by 21-41 minutes.” In de Zambotti,
Baker, Willoughby, et al,® the Fitbit Charge HR was compared
with standard laboratory-based PSG in 32 adolescents and
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showed an overestimation of TST by 8 minutes, an overesti-
mation of SE by 2%, and an underestimation of WASO by 6
minutes. The authors found that differences in WASO between
the Fitbit and PSG were greater at higher values of WASO,?
which was also shown in the present study. This result suggests
that detecting wakefulness becomes more difficult with dis-
rupted sleep. Although both studies utilized Fitbit brand devices
that included heart rate, it is important to note that the Fitbit
company updated its sleep tracking technology in 2017, and this
proprietary advanced sleep detection was not available in the
Fitbit Charge HR. The previous algorithm used by the Fitbit
Charge HR yielded time awake, restless sleep, and sleep. Once
updated in new models (including the Fitbit Alta HR and Charge
3), time awake and restless sleep were combined into total
minutes awake. This change likely resulted in an underestimation
of time spent awake in previously researched sleep data.

Both Lee, Chee, Ong, et al’ and de Zambotti, Baker,
Willoughby, et al® included only adolescents in their studies,
which may contribute to the different findings compared with those
in the present study. Previously, de Zambotti, Baker, and Colrain'®
suggested that agreement between commercially available
devices and PSG exists along a continuum from early childhood
through adolescence. This stems from evidence by Meltzer,
Walsh, Traylor, et al,'” which showed that a single-channel
wrist-based device underestimated TST in early and middle
childhood yet overestimated TST in adolescence. Further, those
authors observed an overestimation of WASO in early and
middle childhood compared with an underestimation of WASO
inadolescence.'’ Changes in sleep duration (ie, decreased TST),
timing (ie, later bedtime), and sleep architecture (ie, decreased
deep sleep) are common during adolescence® and may explain
age differences in agreement between devices. When we ex-
amined the biases among different age groups in our sample of
children and adolescents, we observed noticeable differences
in TST but not in WASO as previously reported. The Fitbit
underestimated TST by 35.9 minutes in children aged 2—5 years
but had similar biases of less than 1 minute for groups aged
6-11 and 12-17 years (Table S1). The Fitbit overestimated
WASO by 16-23 minutes across all age groups. Therefore, our
younger participants (mean age, 9.2 £ 3.3 years), in comparison
to previous work by Lee, Chee, Ong, etal” (mean age, 16.6 0.9
years) and de Zambotti, Baker, Willoughby, et al* (mean age,
17.3 £ 2.5 years), seemed to be driving the observed under-
estimation of TST.

Findings should be interpreted within the context of the
study’s limitations. We do not have access to Fitbit’s raw sleep
data, nor do we know the proprietary algorithm used to estimate
sleep parameters. This missing information limits our ability to
understand how heart rate and accelerometry are incorporated
into these calculations. The current sample of children and
adolescents were referred to the sleep clinic by their physician
for suspected sleep difficulties. Approximately 79% of the
participants in the sample were diagnosed with some degree of
OSA. Because there are clinical differences in sleep (eg, in-
creased arousal, snoring, disruption) between children with and
without OSA, these results may not be generalizable to the
general population. Further work is needed to examine the
validity of multichannel devices to detect sleep in children
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with and without sleep disorders. Despite the use of the
gold-standard criterion measure (ie, PSG), this methodolog-
ical choice also limits our ability to understand how multichannel
devices may measure sleep over several days and how sleep
behavior may differ in the natural home environment. Future
studies should explore the validity and utility of these devices in
free-living settings across multiple nights. Finally, because of
time constraints of the sleep technologists, the sleep laboratory
where we conducted this study was only able to provide
summary reports from the PSG recordings. These reports did
not contain minute-by-minute data and limited our ability to
calculate sensitivity, specificity, and additional sleep metrics. We
were thus unable to determine at what points during the over-
night recording the devices differed in parameter estimation,
which prevents intraindividual comparison.

The strengths of this study include the comparison of single-
and multichannel devices against a gold-standard measurement
technique. Further, participants wore the single- and multi-
channel device on the same wrist simultaneously, which allowed
for the direct comparison between devices versus PSG. This is the
first study to validate the Fitbit Charge 3 in a sample of children
and adolescents. As new technology emerges, it is important to
continue to validate these devices before use in research studies.

Overall, findings suggest that a multichannel device (Fitbit
Charge 3) performs as well as and in some instances better than a
single-channel device (Actigraph GT9X) for measuring sleep
when compared with PSG in children and adolescents with
diagnosed sleep disorders. This newer technology may improve
upon the limitations of single-channel devices that solely rely on
accelerometry to detect sleep and wakefulness. Further testing is
needed in healthy and other clinical samples of youth in a free-
living environment and over several nights.

ABBREVIATIONS

Actigraph, Actigraph GT9X Link accelerometer
AMB, absolute mean bias

CI, confidence interval

Fitbit, Fitbit Charge 3

PSG, polysomnography

SE, sleep efficiency

TST, total sleep time

WASO, wake after sleep onset
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