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Study Objectives: To compare two commercial sleep devices, an accelerometer worn as a wristband (UP by Jawbone) and a smartphone application 
(MotionX 24/7), against polysomnography (PSG) and actigraphy (Actiwatch2) in a clinical pediatric sample.
Methods: Children and adolescents (n = 78, 65% male, mean age 8.4 ± 4.0 y) with suspected sleep disordered breathing (SDB), simultaneously wore an 
actiwatch, a commercial wrist-based device and had a smartphone with a sleep application activated placed near their right shoulder, during their diagnostic 
PSG. Outcome variables were sleep onset latency (SOL), total sleep time (TST), wake after sleep onset (WASO), and sleep efficiency (SE). Paired 
comparisons were made between PSG, actigraphy, UP, and MotionX 24/7. Epoch-by-epoch comparisons determined sensitivity, specificity, and accuracy 
between PSG, actigraphy, and UP. Bland-Altman plots determined level of agreement. Differences in bias between SDB severity and developmental age 
were assessed.
Results: No differences in mean TST, WASO, or SE between PSG and actigraphy or PSG and UP were found. Actigraphy overestimated SOL (21 min). 
MotionX 24/7 underestimated SOL (12 min) and WASO (63 min), and overestimated TST (106 min) and SE (17%). UP showed good sensitivity (0.92) and 
accuracy (0.86) but poor specificity (0.66) when compared to PSG. Bland-Altman plots showed similar levels of bias in both actigraphy and UP. Bias did not 
differ by SDB severity, however was affected by age.
Conclusions: When compared to PSG, UP was analogous to Actiwatch2 and may have some clinical utility in children with sleep disordered breathing. 
MotionX 24/7 did not accurately reflect sleep or wake and should be used with caution.
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INTRODUCTION

Short sleep duration or sleep disruption during childhood, ei-
ther due to a physiological sleep disorder or psychosocial basis, 
have adverse effects on brain development, cognitive perfor-
mance, behavioral functioning, and psychological well-be-
ing.1–7 Appropriate treatment of sleep problems in children and 
adolescents depends on accurate assessment. The current gold 
standard for assessing sleep and diagnosing sleep disorders in 
children is polysomnography (PSG).8,9 This technique, which 
uses sophisticated technology to assess brain, cardiovascular 
and respiratory activity during sleep usually in a laboratory 
environment, is expensive and labor-intensive and typically 
only provides one or two nights of information, which may not 
be reflective of sleep in the home.10

Actigraphy, which use accelerometer technology to provide 
estimates of sleep and wake based on the level of activity, is 
used to provide objective assessments of sleep-wake patterns 
over long periods of time11,12 and assist in diagnosis and treat-
ment monitoring of sleep disorders such as delayed sleep 
phase syndrome and behavioral insomnia.13 Validation stud-
ies in infants, children and adolescents have shown that actig-
raphy is sensitive in assessing actual sleep, however over- or 
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underestimates wake after sleep onset, providing a poor esti-
mate of sleep disruption when compared to PSG.14–17 While ac-
tigraphy is less expensive, labor-intensive, and more reflective 
of natural sleep patterns than PSG, it still requires specialized 
software and expertise to analyze and interpret.16

A number of commercial devices that claim to assess sleep 
duration and quality are now available. Some use accelerom-
eter technology similar to actigraphy, such as the Fitbit Ultra 
(Fitbit Inc. San Francisco, CA) and UP manufactured by Jaw-
bone (Jawbone, San Francisco, CA), which are small devices, 
typically worn around the wrist. Others come in the form of 

BRIEF SUMMARY
Current Knowledge/Study Rationale: Appropriate treatment of 
sleep problems in children and adolescents depends on accurate 
assessment. Inexpensive and publicly available commercial devices 
that claim to measure sleep duration and quality have risen in 
popularity, but are yet to be adequately assessed.
Study Impact: Commercial wrist-based accelerometer devices 
carry the same biases as actigraphy, but could be similarly used to 
assess sleep-wake patterns in children. Accelerometer smartphone 
applications are not as sensitive as wrist-based devices and should 
be considered carefully before used in clinical settings.
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smartphone applications such as the MotionX 24/7 (Fullpower 
Technologies, Inc. Santa Cruz, CA), Sleep Cycle (Northcube, 
Göteborg, Sweden), and SleepBot (Sleepbot, New York, NY). 
The public availability, low cost and easily interpreted soft-
ware make these devices an attractive alternative to actigra-
phy; however, validation against PSG is scarce in children,18 
adolescents,19 and adults.20

The aim of this study was to compare two widely avail-
able commercial sleep devices—an accelerometer worn as a 
wristband (UP) and a smartphone application (MotionX 24/7) 
against PSG and actigraphy (Actiwatch2).

METHODS

Participants
Participants, aged 3 to 18 years, were recruited from a clinical 
cohort with suspected obstructive sleep apnea (OSA) sched-
uled for overnight PSG. Children with conditions that affect 
motor control and limb movement were not recruited. The 
Monash Health and Monash University Human Research Eth-
ics Committees granted ethical approval. Written informed 
consent from parents/guardians and informed verbal assent 
from participants was obtained before the study. No monetary 
incentive was provided.

Protocol
Overnight PSG was performed in the Melbourne Children’s 
Sleep Centre using Compumedics Sleep Systems (Compu-
medics, Melbourne, Australia). Electroencephalography (F3-
M2, F4-M1, C3-M2, C4-M1, O1-M2, O2-M1), left and right 
electroculograms, submental and leg electromyograms, and 
electrocardiogram were recorded. Nasal pressure and oronasal 
airflow (nasal cannula and oronasal thermistor, Compumed-
ics, Melbourne, Australia), thoracic and abdominal breath-
ing movements (Resp-ez Piezo-electric sensor, EPM systems, 
Midlothian, VA, USA), blood oxygen saturation (Biox 3700e 
Pulse Oximeter, Ohmeda, Louisville, CO, USA), and transcu-
taneous carbon dioxide (TINA, TCM3, Radiometer, Denmark, 
Copenhagen) were recorded to identify respiratory events.

An actigraph (Actiwatch2, Philips Respironics, Pittsburgh, 
USA) and a UP (first release original version) were placed 
side-by-side on the non-dominant wrist. The MotionX 24/7 
smartphone application installed onto an iPhone 4 (Apple Inc., 
Cupertino, CA) was set to start recording sleep data and placed 
under the bed sheet near the shoulder as recommended by the 
application developer. The UP and MotionX 24/7 were acti-
vated at lights out and deactivated at lights on.

As the study is a within-subjects design, the time clocks 
of actigraphy and the iPhone were synchronised to the PSG 
acquisition computer and recorded simultaneously with PSG 
over the sleep period. Technical specifications could not be ob-
tained regarding the algorithms used by UP and MotionX 24/7 
to calculate sleep and wake and thus are not reported.

Data Analyses
PSG studies were manually sleep-staged into 30-s epochs 
and respiratory events scored by experienced pediatric sleep 

technologists according to standardized rules.21,22 The obstruc-
tive respiratory disturbance index (ORDI) was defined as the 
total number of obstructive apneas, mixed apneas, obstructive 
hypopneas, and respiratory event related arousals/h of total 
sleep time (TST). The arousal index was defined as the total 
number of cortical spontaneous, respiratory, and periodic leg 
movement arousals/h of TST.

Actigraphic data were downloaded using Actiware software 
(version 6.0.2) analyzed at a medium wake threshold setting 
(40 activity counts per epoch), shown to provide the best bal-
ance between sensitivity (ability to detect true sleep), specific-
ity (ability to detect true wake), and accuracy (ability to detect 
both sleep and wake).11 Epochs were coded as sleep when the 
total activity count per epoch was below the wake threshold 
level. UP was re-synchronized to the iPhone for each subject to 
eliminate any confounding effects of continual recording. At 
the completion of the sleep period, data were downloaded from 
the wrist device to the UP application on the iPhone.

The minimum epoch length for UP is one minute, there-
fore one-minute epoch-by-epoch matching was done for PSG, 
actigraphy and UP. As the wrist based devices were activated 
and de-activated earlier and later than PSG recording, re-
spectively, the time of the first and last epoch on the PSG 
were applied to actigraphy and UP as the start and end times 
of the sleep period (sleep period time, SPT). For every minute, 
data for PSG, actigraphy and UP were manually coded as 
either sleep or wake (0 = wake, 1 = sleep). PSG provides data 
in 30-s epochs so each minute of PSG data was manually re-
scored as wake if either one or both of the 30-s epochs in each 
1-min block were scored as wake, as per previous comparison 
studies.15,17,23

Epoch-by-epoch matching between PSG and MotionX 24/7 
was not conducted as reducing PSG data to 5-min epochs, as 
is recorded on MotionX 24/7, is unreliable. To do this would 
require unacceptable subjective judgement regarding whether 
a 5-min recording, containing both sleep and wake, is coded as 
sleep or wake. Trimming the data to match with the start and 
end times of the PSG was also not possible for this device as 
only summary data are provided by the program.

Sleep outcome variables of sleep onset latency (SOL: num-
ber of minutes from start of the SPT to the first epoch of sleep); 
total sleep time (TST: number of minutes scored as sleep be-
tween start and end of SPT), wake after sleep onset (WASO: 
number of minutes scored as wake between start and end of 
SPT), and SE (TST/number of minutes within the SPT, ex-
pressed as a percentage) were analyzed.

Statistical Analyses
All statistical analyses were conducted using SPSS version 
22.0 (SPSS, Inc., Chicago, IL). PSG data were ineligible for 
analysis for 4 participants (5%) as epoch-by-epoch sleep stag-
ing was not conducted due to excessive artifact. Sleep data 
were unavailable for 4% (n = 3) of actigraphy, 13% (n = 11) 
of UP, and 1% (n = 1) of MotionX 24/7 and were excluded 
from pairwise analyses. Missing data were due to participant 
influence (e.g., child taking off the UP during the night) or 
device malfunctions (e.g., actigraphy recording ceased due to 
battery malfunction).
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All data were checked for normality. SOL and WASO were 
positively skewed and were corrected using a logarithmic 
transformation.24 Analyses were conducted on transformed 
data, however raw means are reported. Paired comparisons 
of SOL, TST, WASO, and SE between PSG, actigraphy, and 
UP were conducted using a paired-samples Student t-test. 
Paired comparisons between PSG and MotionX 24/7 were 
conducted using Wilcoxon signed-rank tests to account for 
the inability to match MotionX 24/7 epochs to PSG. Paired 
comparisons were only conducted for subjects with complete 
data for all 4 devices (n = 64). Multiple comparisons were 
controlled using Bonferroni adjustment with significance 
accepted at p < 0.003.

Epoch-by-epoch comparisons were conducted to determine 
the sensitivity, specificity, and accuracy of actigraphy and UP 
against PSG (Table 1). Epoch-by-epoch comparisons were 
conducted on pairwise matching.

Bland-Altman plots were used to examine the degree of 
agreement between PSG and actigraphy, and PSG and UP, for 
SOL, TST, WASO, and SE.25 The mean difference (or bias) and 
lower and upper limits of agreement (95% confidence inter-
val = mean difference ± 2SD)25 are shown. A positive mean 
difference indicates an underestimation of the sleep param-
eter, while a negative difference indicates an overestimation. 
As a secondary analyses, ANCOVAs, with mean difference in 
sleep outcomes between PSG and UP as the dependent vari-
able, were conducted to determine whether a difference in 
bias existed with increasing severity of SDB or increasing age. 
Children with SDB were categorized into primary snoring 
(ORDI ≤ 1 event/h), mild OSA (ORDI > 1–5 events/h), and 
moderate-severe OSA (ORDI > 5 events/h). Age was catego-
rized into preschool (3.1–5.9 years), primary school (6.0–11.9 
years), and adolescents (12.0–17.1 years).

Clinically acceptable agreement between PSG and ac-
tigraphy and PSG and UP were determined using standards 
based on previous research15,26 and were defined as ≤ 30-min 

difference between devices for TST and WASO, and ≤ 5% dif-
ference for SE.

RESULTS

Cohort Characteristics
Mean age, BMI-Z score and respiratory parameters as mea-
sured on the PSG are shown in Table 2. Forty-nine percent of 
subjects had no comorbid conditions, 13% had chronic inflam-
matory diseases (e.g., asthma, eczema, recurrent tonsillitis), 
13% had diagnosed behavioral disorders (e.g., autism spectrum 
disorder, anxiety, attention deficit hyperactivity disorder), and 
26% had other comorbidities (e.g., Prader-Willi, Hunter Syn-
drome, cleft palate, Pierre Robin). Seventy-one percent were 
medication free at the time of the study, 18% were taking 
medications for asthma (e.g. fluticasone, salbutamol), and 11% 
were on other medications (e.g., methylphenidate, oxybutynin). 
Following the PSG, 31% were diagnosed with primary snoring 
(obstructive respiratory disturbance index: ORDI ≤ 1 event/h), 
41% with mild OSA (ORDI > 1 and ≤ 5 events/h), and 28% 
with moderate to severe OSA (ORDI > 5 events/h). Six percent 
had a periodic limb movement index (PLMI) > 5 events/h.

Paired Comparisons
Results of the paired comparisons between PSG and actigra-
phy and PSG and UP are presented in Table 3. There were 
no significant mean differences between PSG and UP on any 
global sleep measure. Actigraphy significantly underestimated 
SOL by an average of 21 minutes compared to PSG.

SOL was significantly longer (21 min) and WASO was sig-
nificantly shorter (13 min) when measured by UP compared to 
actigraphy. TST and SE showed no difference between these 
2 devices.

Results of the paired comparisons between PSG and Mo-
tionX 24/7 are displayed in Table 4. Even when accounting for 

Table 1—Calculation formula for sensitivity, specificity, and accuracy.
PSG

Actiwatch2/UP Sleep Wake Total
Sleep True Sleep (TS) False Sleep (FS) TS + FS
Wake False Wake (FW) True Wake (TW) FW + TW
Total TS + FW FS + TW TS + FS + TW + FW

Sensitivity = TS / (TS + FW); Specificity = TW / (FS + TW); Accuracy = (TS + TW) / (TS + FS + TW + FW).

Table 2—Cohort characteristics (n = 78, 65% male).
Mean Standard Deviation Minimum Maximum

Age (years) 8.4 4.0 3.1 17.1
BMI-Z score 0.9 1.2 −2.6 4.3
ORDI (events/h) 5.3 8.0 0.0 38.0
SpO2 nadir (%) 91.5 4.7 72.0 97.0
Arousal Index (events/h) 14.4 5.8 4.0 35.1
PLMI (events/h) 1.6 3.2 0.0 20.0

BMI, body mass index; ORDI, obstructive respiratory disturbance index; SpO2 nadir, lowest oxygen saturation level; PLMI, periodic limb movement index.
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the difference in SPT, MotionX 24/7 did not accurately reflect 
total time asleep or awake when compared to PSG. SOL and 
WASO were significantly underestimated (12 and 63 min, re-
spectively), resulting in significantly longer TST and greater 
SE (106 min and 17%, respectively), when assessed by the Mo-
tionX 24/7.

Sensitivity, Specificity, and Accuracy
Results for the epoch-by-epoch comparisons of the UP and 
actigraphy against PSG are presented in Table 5. The overall 
sensitivity, specificity, and accuracy were similar across both 
devices.

Level of Agreement between PSG, Actiwatch2, and UP
Figure 1 shows the Bland-Altman plots for comparisons 
of SOL, TST, WASO, and SE between PSG and actigraphy. 
Figure 2 shows the comparisons for PSG and UP.

The Bland Altman plot confirms the direction of the bias 
(or difference) seen in Table 2, with actigraphy underestimat-
ing SOL (21.4 min) and overestimating TST (17.3 min), WASO 

(4.1 min), and SE (3.4%). The UP device overestimated TST 
(9.1 min) and SE (1.8%), and underestimated WASO (9.4 min). 
The limits of agreement showed a smaller range for the UP 
device compared to actigraphy, indicating less random fluc-
tuations around the mean. The error margin for UP, but not 
actigraphy, remains stable irrespective of variability in PSG 
outcomes. As can be seen in Figure 1, the longer the SOL (1A) 
and WASO (1C), the shorter the TST (1B), and the poorer the 
sleep efficiency (1D), the greater the difference between PSG 
and actigraphy. This trend is not seen in the PSG and UP plots.

The proportion of participants where the difference from 
PSG was outside clinically acceptable limits for actigraphy as-
sessed sleep parameters were 50%, 47%, and 55% for TST (> 
30 min), WASO (> 30 min), and SE (> 5%), respectively. The 
proportions for UP were 36% for TST, 41% for WASO, and 
47% for SE.

Effect of Sleep Disordered Breathing Severity
Univariate ANCOVA, controlling for age, showed no differ-
ence in the level of bias in the UP device, compared to PSG, 
in TST, WASO, or SE with increasing severity. There was a 
difference in the bias of SOL, with the UP device significantly 
underestimating SOL in children with primary snoring (n = 18, 
mean difference = 9.7 min, limits of agreement = 73.1, −53.7) 
compared to children with mild OSA (n = 28, mean differ-
ence = −3.9 min, limits of agreement = 11.3, −19.1) and moder-
ate-severe OSA (n = 18, mean difference = −4.6 min, limits of 
agreement = 17.8, −27.0; F2, 60 = 4.3, p = 0.02).

Effect of Age
Univariate ANCOVA, controlling for ORDI, revealed a signifi-
cant difference in the level of bias of the UP device, compared 
to PSG, in TST, WASO, and SE with increasing age. TST was 
significantly underestimated in preschool aged children (n = 21, 
mean difference = 25.3 min, limits of agreement = 80.9, −30.3) 
compared to primary school (n = 27, mean difference = −19.6 
min, limits of agreement = 52.4, −91.6) and adolescents (n = 16, 
mean difference = −36.6 min, limits of agreement = 80.6, −153.8, 
F2, 60 = 12.5, p < 0.001), for which UP overestimated TST.

The UP device significantly overestimated WASO in 
preschool aged children (mean difference = −21.1, limits 
of agreement = 27.9, −70.1) compared to primary school 
(mean difference = 18.2, limits of agreement = 93.0, −56.6) 

Table 3—Results of parametric paired comparisons of sleep characteristics between PSG and actigraphy, PSG and UP, and 
UP and actigraphy. 

Devices
Sleep Characteristics PSG UP Actiwatch2

SOL (min) 34 (29) 34 (30) 13 (16) a*,b*
TST (min) 395 (76) 404 (70) 412 (45)
WASO (min) 82 (64) 73 (60) 86 (41) b*
SE (%) 77 (14) 79 (13) 81 (8)

All data are expressed as mean (± standard deviation). Mean sleep period time is equivalent across devices (512 ± 37 min). n = 64.  *p < 0.0001. 
aComparison with PSG. bComparison with UP. SOL, sleep onset latency, TST, total sleep time, WASO, wake after sleep onset, SE, sleep efficiency.

Table 4—Results of nonparametric paired comparisons of 
sleep characteristics between PSG and MotionX. 

Sleep Characteristics
Devices

PSG MotionX 24/7
SPT (min) 519 (486–538) 535 (515–554)*
SOL (min) 26 (12–50) 14 (7–24)*
TST (min) 402 (351–460) 508 (472–535)*
WASO (min) 63 (30–111) 0 (0–14)*
SE (%) 80 (71–88) 97 (92–99)*

Data are expressed as median (interquartile range). n = 64. *p < 0.0001. 
SPT, sleep period time; SOL, sleep onset latency; TST, total sleep time; 
WASO, wake after sleep onset; SE, sleep efficiency.

Table 5—Actigraphy and UP sensitivity (ability to assess 
true sleep), specificity (ability to assess true wake), and 
accuracy (ability to assess both sleep and wake) against 
PSG.

n Sensitivity Specificity Accuracy
Actiwatch2 75 0.93 0.63 0.87
UP 67 0.92 0.66 0.86
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and adolescents (mean difference = 34.3, limits of agree-
ment = 119.3, −50.7, F2,60 = 13.1, p < 0.001). Sleep efficiency 
was also significantly underestimated in preschool aged chil-
dren (mean difference = 4.7%, limits of agreement = 15.1, 

−5.7) compared to primary school (mean difference = −3.1%, 
limits of agreement = 9.7, −17.1) and adolescents (mean differ-
ence = −7.4%, limits of agreement = 15.8, −30.6, F2,60 = 12.8, 
p < 0.001). There were no differences between the age groups 
in the level of bias for SOL.

DISCUSSION

This study adds to research comparing commercially 
available wrist-based accelerometer devices, and to our 

knowledge, is the first to compare a smartphone application 
against PSG. The results of this study show that the wrist-
based UP can assess sleep and wake to an accuracy of 86% 
when compared to PSG. Consistent with the few previous stud-
ies validating commercial accelerometer devices,18–20 the UP 
showed greater sensitivity, accurately assessing sleep 92% of 
the time, than specificity, accurately assessing wake only 66% 
of the time. In the current study, the sensitivity and specific-
ity results were equivalent to actigraphy, as measured with 
the Actiwatch2 device, when data were assessed at the me-
dium wake threshold (93% sensitivity, 63% specificity, activ-
ity counts = 40). Interestingly, an examination of the profile 
of the Bland Altman scatter plots revealed the UP to be more 
consistent than actigraphy in assessing sleep parameters when 
compared to PSG. In all measures assessed, the Actiwatch2 

Figure 1—Bland-Altman plots for PSG versus actigraphy.

Bland-Altman plots for PSG versus actigraphy comparing sleep onset latency (SOL) (A), total sleep time (TST) (B), wake after sleep onset (WASO) 
(C), and sleep efficiency (D). The solid line indicates the mean of the differences or bias, and the dashed lines indicate the limits of agreement 
(mean difference ± 2 standard deviation) or random fluctuation around the mean.
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showed increasing discrepancy to PSG the shorter and more 
fragmented the sleep. This trend was not observed in the UP 
device, with equivalent margins of error occurring across all 
participants, regardless of their sleep duration or level of frag-
mentation. However, in both devices, comparisons to PSG out-
comes saw differences outside clinically accepted limits in up 
to half of the subjects, indicating that there is unlikely to be a 
clinical advantage to the UP device.

In contrast to the UP wrist based device, the smartphone 
application (MotionX 24/7) did not accurately reflect any 
sleep parameter as measured by PSG. SOL and WASO were 
significantly shorter, TST was significantly longer, and SE 
significantly greater when assessed by MotionX 24/7 com-
pared to PSG. These results may have been due to the place-
ment of the phone, which was under the bottom bedsheet, near 

the right shoulder. Although this placement is recommended 
by the developer, this position may have resulted in the device 
being unable to pick up subtle movements or arousals. The 
developer also suggests attaching the phone to the upper arm 
while asleep, however this would be impractical, particularly 
in young children due to the size of their arms. The compari-
sons are also likely to be more accurate if epoch-by-epoch 
matching were possible. In the current study, the recording 
time for the MotionX 24/7 was 16 minutes longer on average 
than PSG. In addition, the epoch length recorded was 5 min-
utes compared to 1 minute, which would have substantially 
decreased the ability of MotionX 24/7 to report short awaken-
ings (< 5 min). Nonetheless, the discrepancies between the 
two devices cannot be completely accounted for by these 
methodological differences.

Figure 2—Bland-Altman plots for PSG versus UP.

Bland-Altman plots for PSG versus UP comparing sleep onset latency (SOL) (A), total sleep time (TST) (B), wake after sleep onset (WASO) (C), and sleep 
efficiency (D). The solid line indicates the mean of the differences or bias, and the dashed lines indicate the limits of agreement (mean difference ± 2 
standard deviation) or random fluctuation around the mean.
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The results of the current study add to the recent work by 
others comparing the Fitbit18 and the UP19 to PSG in children 
and adolescents. Zambotti et al.19 showed similar levels of 
bias between the UP device and PSG in a cohort of healthy 
adolescents (mean age 15.8 ± 2.5y) recruited from the com-
munity. In that study, UP overestimated TST and SE by 10 
minutes and 1.9%, respectively, and underestimated WASO by 
9.3 minutes. SOL was also not different in that study. Melt-
zer and colleagues conducted a study of 63 children aged 3–17 
years, and showed that the Fitbit, when set at normal mode, had 
an accuracy of 84% against PSG.18 Sensitivity and specificity 
were both slightly lower in that study compared to the cur-
rent study (sensitivity 87% versus 92%; specificity 52% versus 
66%). Also significant differences were found between Fitbit 
and PSG for TST, WASO, and SE, which were not observed 
in the current comparisons between UP and PSG.18 The dif-
ferences between that study and the current one may be due to 
methodological differences or potential differences in scoring 
algorithms between the Fitbit and UP. The proprietary algo-
rithms were not available for either of these studies.

While the large proportion of subjects with differences be-
tween UP and PSG outside clinically acceptable thresholds 
suggests caution if using this device as a diagnostic tool for 
sleep disorders relating to arousal or fragmentation, this study 
shows that UP is comparable to Actiwatch2 when assessing 
sleep and wake. Actigraphy does have advantages over the 
UP in that the software provides for greater flexibility in the 
amount of data collected and extracted for analysis. Currently, 
minute-by-minute sleep-wake data must be extracted manu-
ally from the UP by scrolling a finger along the hypnogram 
on screen, and only one day of data can be viewed at a time. 
Additionally, there is no avenue for altering activity thresholds 
or assessing other aspects of the environment, such as light. 
Finally, the UP was easier than the Actiwatch2 for the children 
to remove during sleep, as evidenced by the 13% versus 4% 
missing data, respectively. Regardless, this study suggests the 
UP may be of use in the clinical setting, particularly if one is 
interested in sleep-wake patterns. Further studies are needed 
to validate commercial devices over longer periods of time in 
the home setting to support this.

The secondary analyses revealed that the UP device per-
formed consistently across all severities of SDB, with no dif-
ference in the level of bias observed between children with 
Primary snoring, mild OSA or moderate-severe OSA in TST, 
WASO, or SE. There was, however, a significant effect of age, 
with the direction of bias changing from preschool aged chil-
dren to both primary school-aged children and adolescents. In 
preschool children, the UP underestimated TST and SE, and 
overestimated WASO. However, in both primary school-aged 
children and adolescents, TST and SE were overestimated 
and WASO underestimated, with adolescents showing greater 
bias (although not statistically significant) than primary school 
aged children. This is in contrast to Meltzer et al.,18 who show 
that although there is a significant difference between PSG and 
Fitbit at each developmental age, the direction of this differ-
ence is consistent with WASO underestimated in the normal 
mode, and TST and SE overestimated. The opposite was found 
when PSG was compared to Fitbit in the sensitive mode. While 

most actigraphy validation studies discuss an overestimation 
of WASO in infants and children,15,16,27 the direction of error 
in other pediatric14 and adult studies is not as consistent.28–30 
It may be that as children age, the level of movement during 
sleep not associated with an awakening decreases. Alterna-
tively, older children may be more likely to lie still when awake 
than younger children, either of which will result in the switch 
in the direction of bias. These developmental differences in 
the efficacy of accelerometer devices are yet to be elucidated, 
however are worthy of consideration when using these devices 
in clinical practice.

This study had some limitations. First, the cohort consisted 
solely of a clinical sample of children with suspected OSA, 
both with and without comorbidities. It is well known that 
children with OSA have increased arousal and sleep disrup-
tion compared to non-snoring children. The results may not 
be generalizable to a non-snoring pediatric population, where 
patterns of arousal and nocturnal awakenings are likely to 
be different. However, the similarity between the current re-
sults and those reported by Zambotti et al.19 is encouraging. 
Second, collapsing the PSG data from 30-second epochs to 
1-minute epochs will have overinflated the amount of wake 
actually scored during the sleep period, potentially overesti-
mating specificity. Finally, data were collected for only one 
night in the sleep laboratory. An early study has shown that 
five or more nights are needed to ensure reliability of ac-
tigraphy assessments of sleep in children and adolescents,31 
and first night effects of laboratory PSG can influence sleep 
outcomes.32 As such, this study cannot make inferences to a 
particular device’s ability to assess sleep and wake over long 
periods of time or in more natural environments. Further re-
search, comparing actigraphy and commercial devices over 
longer periods of time would be beneficial to truly understand 
the efficacy of these devices.

CONCLUSION

The findings of this study suggest that a wrist-based acceler-
ometer, such as the UP by Jawbone, could be used in a similar 
fashion to actigraphy, such as that measured by Actiwatch2, 
for assessing sleep-wake patterns in children with sleep dis-
ordered breathing. When placed on the bed, accelerometer 
smartphone applications, such as the MotionX 24/7, do not 
appear to accurately reflect sleep duration or quality, and 
should be considered carefully before using in a clinical or 
research setting.

ABBRE VI ATIONS

ORDI, obstructive respiratory disturbance index
PSG, polysomnography
SDB, sleep disordered breathing
SE, sleep efficiency
SOL, sleep onset latency
TST, Total sleep time
WASO, wake after sleep onset
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