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Activity-based sleep-wake monitoring or actigraphy has gained a central role as a sleep assessment tool
in sleep medicine. It is used for sleep assessment in clinical sleep research, and as a diagnostic tool in
sleep medicine. This update indicates that according to most studies, actigraphy has reasonable validity
and reliability in normal individuals with relatively good sleep patterns. The validity of actigraphy in
special populations or with individuals with poor sleep or with other sleep-related disorders is more
questionable. The most problematic validity issue is the low speciﬁcity of actigraphy in detecting
wakefulness within sleep periods reported with certain devices or samples. Overall, the recent literature
adds to previous reports in demonstrating that actigraphy is sensitive in detecting unique sleep patterns
associated with speciﬁc sleep disorders as well as with other medical or neurobehavioral disorders.
Furthermore, actigraphy is sensitive in detecting sleep changes associated with drug treatments and
non-pharmacologic interventions. Recent developments include the development of devices specially
tailored to detect periodic limb movement in sleep and the introduction of new devices and algorithms.
Because of the limitations of actigraphy, it is recommended to use complementary assessment methods
(objective and subjective) whenever possible.
Ó 2010 Elsevier Ltd. All rights reserved.
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Introduction
Over the last two decades actigraphy has become a major
assessment tool in sleep research and sleep medicine. The rate of
relative growth in number of scientiﬁc publications that include
actigraphy (see Fig. 1) exceeds the rate of growth in publications
that include polysomnography (PSG) (from an actigraphy-PSG
ratio of about 1:10 in 1991 to a ratio of about 1:4 in 2009). This
increase reﬂects the growing appeal of actigraphy to clinicians and
researchers in sleep medicine. Earlier reviews and guidelines
introduced by the American Sleep Disorders Association (ASDA)
have established the use of actigraphy as a reliable and valid sleep
assessment method in speciﬁc domains of sleep research and sleep
medicine.1e6 The current review is an update based on the literature published after the previous review published in 2002 in Sleep
Medicine Reviews.6 It is based on a literature search that included
Pubmed, Social and Science Citation Index databases and covers
only articles published in peer-reviewed journals (excluding
meeting abstracts or proceedings). Because of the large number of
papers published each year, this review covers only papers that
address methodological issues related to the use of actigraphy in
sleep medicine and those that are directly related to clinical

applications in sleep medicine. Thus, dozens of papers, addressing
the use of actigraphy in assessing sleep in speciﬁc conditions or
populations were not included.
Actigraphy is based on small wrist-watch like devices that
monitor movements for extended periods of time. The raw activity
scores (e.g., in 1-min epochs) are translated to sleep-wake scores
based on computerized scoring algorithms. There are different
commercial devices in the market and each device has its own
measurement characteristics and therefore requires appropriate
sleep-wake scoring algorithms and validation studies. To avoid
commercial pitfalls, this review will not address speciﬁc devices or
comparisons, but the readers are strongly advised to consider the
presented issues and their relevance to the speciﬁc device they are
using or planning to use.
Reliability and validity issues
The strengths and limitations of actigraphy in sleep assessment
have been repeatedly outlined.1e6 In this section, additional information is provided with regard to the main established topics and
some new ones.
Validation of scoring algorithms
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Previous work has established the reliability and validity of actigraphy in sleep-wake detection, particularly in normal populations
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Abbreviations
AHI
CBT
MPH
PLMD
PLMS
PSG
SDB
SE
SOL
TIB
TST
WASO

Apnea-hypopnea index
Cognitive-behavioral therapy
Methylphenidate
Periodic limb movements disorder
Periodic limb movements in sleep
Polysomnography
Sleep-disordered breathing
Sleep efﬁciency
Sleep onset latency
Time in bed
Total sleep time
Wake after sleep onset

of infants, children and adults.1e3 However, recent publications have
raised new concerns about the validity of sleep-wake scoring algorithms in speciﬁc populations or speciﬁc devices.7e11 For instance,
Sitnick et al.8 compared minute-by-minute sleep-wake scorings based
on actigraphy and videosomnography in young children. They
reported 94% overall agreement, 97% sensitivity (percent of PSG

identiﬁed sleep minutes scored as sleep minutes by actigraphy), and
24% (very low) speciﬁcity (percent of PSG identiﬁed wake minutes
scored as wake minutes by actigraph). Similarly, Insana et al.7
compared sleep-wake scorings based on actigraphy and PSG in
infants and found low speciﬁcity because of poor wake identiﬁcation.
De Souza et al.11 reported relatively low speciﬁcity (34% and 44%) in
their comparison of PSG and two actigraphic scoring algorithms in
healthy volunteers. Paquet et al.10 compared two actigraphic sleep
scoring algorithms in a study of 15 healthy participants studied
for 3 nights with concomitant PSG and actigraphy. They found
that increasing wakefulness during the sleep period compromises
the minute-by-minute actigraphy-PSG correspondence because of
the relatively low speciﬁcity of the sleep-wake scoring algorithms. The
authors concluded that “the very low ability of actigraphy to detect
wakefulness casts doubt on its validity to measure sleep quality in
clinical populations with fragmented sleep”.
These examples demonstrate a crucial issue. Although actigraphy provides high sensitivity, the detection of wakefulness
during sleep episodes is relatively poor with: a) some devices; b)
some scoring algorithms; or c) some speciﬁc populations. This is
a major issue which relates to the combination of high sensitivity
and low speciﬁcity in sleep-wake detection. To clarify this issue, we
can assume that we have a 10-hour sleep period with a 1-hour of

Fig. 1. The number of scientiﬁc publications that include actigraphy or actimetry and sleep in comparison to those which include polysomnography in their title or abstract (upper
panel). These data are based on the ISI database and do not include meeting abstracts and proceedings. Note the different Y scales for actigraphy (on the left) and PSG (on the right).
The lower panel presents the percentage of actigraphy publications from all polysomnography and actigraphy publications in each year.
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wakefulness and sleep efﬁciency (SE) would therefore be 90%. If we
use a very simple sleep-wake algorithm rule which states that
every minute should be scored as sleep, we automatically achieve
a very high agreement rate and high sensitivity because 90% of the
total epochs (and 100% of the sleep epochs) will be scored correctly.
However, the speciﬁcity would be zero as none of the wake minutes
would be detected. These proportions of only 10e20% of wake
epochs are very common in validation studies conducted in sleep
laboratories during a nocturnal sleep period and therefore it is
relatively easy to obtain high sensitivity for sleep scoring. The art of
developing scoring algorithms relies on maximizing both speciﬁcity and sensitivity or increasing the area under the Receiver
Operating Characteristic (ROC) curve. This ability is also related to
the sensitivity of the device to detect relatively small movements
associated with wakefulness in bed. If a speciﬁc actigraph is less
sensitive to relatively small movements during the sleep period it
may lead to lower speciﬁcity. Considering this issue, it is sometimes
unclear why conclusions claiming good validity are made for
speciﬁc sleep-wake scoring algorithms while the low speciﬁcity or
wake detection ability reported in the same article is practically
ignored.12
In this context, it is important to note Tryon’s review13 on the
validity of actigraphy for sleep assessment. Tryon illustrates that the
validity of actigraphy is acceptable in comparison to many other
medical tests and indicates that the PSG-Actigraphy discrepancy
should be partially attributed to PSG reliability issue and that portions
of this discrepancy are predictable and can be corrected. Overall, Tryon
postulated that claims about the limited accuracy of actigraphy for
inferring sleep are not supported by the available research ﬁndings.
Another methodological issue that has been repeatedly raised is
the lack of standard equipment, procedures and analytic methods
in the applications of actigraphy which preclude comparisons and
conclusions across studies. For instance, Berger et al.14 used a literature review of 21 studies using actigraphy in adult patients with
cancer to demonstrate the variability in reporting methods,
sampling procedures, data processing and analyses used in these
studies and to offer standardized protocols. A related issue is the
relative difﬁculty in comparing the performance of different actigraph devices and algorithms. A recent small study assessed the
validity of two popular actigraphy devices in comparison to PSG.15
Both devices underestimated sleep onset time (SOL) and provided
similar validity indices. More similar studies are needed to compare
the performance of different devices for sleep assessment in
different populations or under unique conditions.
Validity of actigraphy in special populations and conditions
A growing tendency in research on the validity of actigraphy is
to assess actigraphic sleep-wake scoring in more challenging
samples including infants, adolescents and adults with breathing
disorders and individuals with medical disorders.
A number of studies assessed the validity of actigraphic sleepwake scoring in infants and very young children.7,8,16,17 For
instance, Gnidovec et al.17 developed and tested a new actigraphic
sleep-wake algorithm for infants (aged 1, 3 and 6 months) and
demonstrated good validity in comparison to sleep-wake scoring
based on direct observations only at the ages of 3 and 6 months. As
mentioned above, some of these studies reported low sensitivity
problem which cast serious doubts about the validity of the speciﬁc
devices or algorithms.
In adolescence, a large-scale study compared total sleep time
derived from actigraphy and PSG in youngsters with and without
sleep-disturbed breathing.18 The authors also compared three
different modes of actigraphic data collection (zero crossing, time
above threshold, and proportional integration mode). They
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reported that the time above threshold method provided the best
results. Overall, actigraphy underestimated sleep time in comparison to PSG. Better correspondence was found for girls in comparison to boys. Increase in apnea-hypopnea index (AHI) was
associated with more PSG-Actigraphy discrepancy. Hyde et al.19
assessed the validity of actigraphy in assessing sleep in children
(age range: 1e12 years) with sleep-disordered breathing and
reported high epoch-by-epoch agreement rates with PSG sleepwake scoring. As reported in other studies the authors reported
relatively low speciﬁcity (or ability to detect waking epochs,
ranging between 39.4 and 68.9%) but concluded that actigraphy is
a reliable method to assess sleep in children.
Laakso et al.20 compared actigraphy and PSG in children with
intellectual deﬁcits and motor handicaps. They reported that in
healthy children with no sleep disorders there was a good
correspondence in sleep time assessment; whereas in the sleep
disturbed and the handicapped children signiﬁcant discrepancies
existed between measures derived from PSG and actigraphy.
Another study examined the validity of actigraphic sleep assessment
in comparison to PSG in patients with tetraplegia.21 The ﬁndings
indicated that similar validity (based on hand movements) was
obtained from normal controls and patients with C5-C7 tetraplegia.
In patients with C4 tetraplegia, comparable results to normal
controls were obtained with head movement monitoring. Overall,
these ﬁndings suggested that actigraphy is a viable option for sleep
assessment in patients with tetraplegia.
Another challenging population for actigraphy is older adults or
elderly people. Mehra et al.22 assessed actigraphic sleep in a large
sample of women (N ¼ 455, age range 76e93 years) who were
assessed with PSG at different times. They reported signiﬁcant
associations between actigraphic sleep measures and PSG-based
classiﬁcations of sleep disorders such as periodic limb movements
in sleep (PLMS) and sleep-disordered breathing (SDB). However,
the authors concluded that the discriminant ability of the actigraphic measures is insufﬁcient to be used for diagnosis, but can
provide information for identifying individuals at risk for PLMS
and SDB.
Finally, in another study assessing sleep in unique conditions,
Signal et al.23 compared actigraphy and PSG sleep-wake scoring in
ﬂight crew members during in ﬂight and layover sleep episodes.
They reported good actigraphic-PSG correspondence on sleep
duration but moderate to poor correlations for sleep efﬁciency (SE)
and SOL. This was not surprising considering the fact that on epochby-epoch comparison, low speciﬁcity was observed.
Based on the studies reported above on the validity of actigraphy
against PSG it can be concluded that the most eminent threat to the
validity of actigraphy in assessing sleep is the low speciﬁcity reported in many studies. Speciﬁcity (or accuracy in detecting wakefulness) lower than 60% (reported in many studies) is likely to
compromise all derived sleep indices of true sleep time, sleep efﬁciency, wake after sleep onset, etc. It can be argued that the aggregated data derived from actigraphy over multiple nights (at least 4e5
nights or more as recommended by Acebo et al.24) may compensate,
to some extent, for compromised accuracy on a single night, but this
is yet to be established by proper research. The use of Kappa estimates of reliability that take into account chance agreement may
better represent agreement rates between actigraphy and PSG.
Another important point that deserves attention is that actigraphic validation studies against PSG are based, almost with no
exceptions, on “time in bed” period (usually in a sleep lab) whereas
the main advantage of actigraphy is in documenting sleep-wake
patterns continuously over 24-h periods across days. Thus, validation studies should consider expanding the comparison period to
cover longer periods in and out of bed with extended wakefulness
periods.
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Comparing subjective and actigraphic sleep measures
Another common comparison related to actigraphic validity
is the comparison between actigraphy and subjective reports.
For instance, Kawada25 compared actigraphy and 24-h reports on
sleep-wake patterns in young adults. He reported agreement rates
of 77.5% for wake and 86.1% for sleep. However, because of
measurement failure during wakefulness, he concluded that sleep
diary may be more valid for detecting sleep-wake cycle.
Sleep diaries and caregivers’ reports are very common in sleep
studies in young children and in disabled adults. Hoekert et al.26
compared actigraphic sleep measures to those obtained from
caregivers’ reports on sleep in elderly and demented individuals
resigning in homes for the elderly. Overall, they found good
correlations between actigraphic and reported sleep schedule
measures (r ¼ .88 for sleep onset time, and r ¼ .92 for sleep offset
time). The correlation for assumed sleep time was lower (r ¼ .46)
with caregivers overestimating assumed sleep (between sleep
onset and sleep end) by an average of 96 min. The authors
concluded that actigraphy and caregivers’ reports can play
complementary role in assessing sleep in demented elderly people.
So et al.27 compared actigraphic and diary measures in assessing
sleep in infants during the ﬁrst year of life. They found good overall
correspondence between the methods but the parental sleep diaries overestimated sleep in comparison to actigraphy. With regard
to the correspondence between actigraphy and parental reports on
infant sleep, it is interesting to note that externally induced motion
was found to occur in 40% of the recording time in infants and to
signiﬁcantly alter actigraphic data.28 Sadeh29 compared actigraphic
sleep measures to parents’ reports on a sleep questionnaire and
sleep diary of sleep-disturbed infants and controls. High actigraphysleep diary correlations were found for sleep schedule measures
(.96 for sleep onset time and .87 for sleep period), whereas the
correlation for the number of night-wakings was signiﬁcantly lower
(.49). Holly et al.30 compared parental reports and actigraphic
recordings of school-age children and found that parents’ reports on
night-wakings were poorly correlated with actigraphically detected
night-wakings. Iwasaki et al.31 compared actigraphy, parental daily
logs and sleep questionnaire in assessing sleep of 5-year-old children. Parental sleep schedule variables correlated well with actigraphic measures, although reported sleep periods were longer
than those detected by actigraphy. Signiﬁcant discrepancy was
found for night-waking frequency. Equivalent ﬁndings have been
reported in a similar study in 4e7 year old children.32 Finally,
Wolfson et al.33 compared actigraphy and survey sleep measures in
a large sample of adolescents and found good correlations for sleep
onset and sleep offset times (r ¼ .70 and r ¼ .77, respectively for
school nights). However these correlations dropped signiﬁcantly
during the weekends (r ¼ .48 and r ¼ .52, respectively). Furthermore, the correlations for total sleep time were signiﬁcantly lower
(r ¼ .53, for school nights, and r ¼ .31 for weekends).
Another interesting issue is the stability of actigraphic sleep
measures over time. Knutson et al.34 have studied daily and yearly
variability of actigraphic sleep measures in adults. They found high
intra-subject correlations (over a year) for the actigraphic sleep
measures: .76 for total sleep time (TST), .93 for SOL, and .90 for SE.
Interestingly, actigraphic sleep measures were signiﬁcantly more
variable on a daily basis than on a yearly basis. In another longitudinal
study in early adolescence, Sadeh et al.35 reported somewhat lower
yearly correlations for actigraphic sleep measures mostly ranging
between .60 and .77, but still indicating signiﬁcant stability in this age
period of substantial maturational changes in sleep patterns.
Overall, it can be concluded that actigraphic sleep variables
demonstrate reasonable test-retest reliability in the form of relative
good stability over time (days and even years between

measurements). There is reasonable support for the validity of
actigraphy measures of sleep schedule and sleep period in
comparison to subjective reports on these measures. When actigraphic sleep quality measures (night-wakings, wake after sleep
onset, sleep efﬁciency) are considered, the correspondence with
subjective reports is relatively poor. However, it is not clear from
these studies, to what extent these discrepancies should be
attributed to inaccuracy of actigraphy versus inaccuracy of subjective reporting. Studies comparing actigraphy versus subjective
reports with simultaneous PSG may help in clarifying this issue.
New validation and data analysis approaches
Most sleep-wake scoring algorithms are based on a combination
of linear compilations of activity levels (in predeﬁned windows
around the scored minute) and smoothing or other logical decisions. A new approach, based on artiﬁcial neural networks and
decision trees, have shown promise in sleep-wake scoring in
infants and some advantage over more traditional scoring algorithms.36 Based on this approach, the authors reported 86.9%
accuracy, 94.1% sensitivity and 65.5% speciﬁcity in healthy infants
and somewhat lower precision in clinical samples.
Another new actigraphy-based approach to assess infant sleepwake patterns has been introduced by Sazonov et al.37 They attached
the sensor to the diaper rather than to the infant’s ankle (as done in
most earlier validation studies) and reported similar indices of validity to those obtained by ankle placement. Similarly, Enomoto
et al.38 assessed the validity (compared to PSG) of a new device
designed for waist placement and demonstrated similar validity
indices to those reported for wrist actigraphy. Furthermore, new
actigraphy devices have been introduced and validated (e.g.,39).
Chae et al.40 reassessed the speciﬁc criterion for actigraphy
deﬁned sleep onset and found that the best criterion (with their
speciﬁc dataset and device) was 5 min of inactivity. This criterion
provided the best actigraphy-PSG correspondence for SOL, TST and
wake after sleep onset (WASO). This is an important ﬁnding,
because different criteria have been used in the past (e.g., 10 or
15 min of sleep or immobility).
These studies indicate that the search for new methodologies
and algorithms is an ongoing effort which hopefully will enable the
ﬁeld to overcome some of its shortcomings.
Actigraphic assessment of sleep disorders
Assessment of insomnia
The role of actigraphy in the evaluation of insomnia has been
documented in earlier reports.1e3,41 The main consistent conclusion
has been that actigraphy overestimates sleep time (as manifested in
shorter SOL and WASO) because of efforts of individuals with
insomnia to fall asleep by lying in bed motionless for extended
periods. New studies have replicated, challenged and extended
these earlier reports.
Lichstein et al.42 conducted a PSG-Actigraphy validation study,
based on one laboratory night, with the largest sample (N ¼ 57) of
individuals diagnosed with insomnia. Contrary to other studies, no
signiﬁcant PSG-Actigraphy differences were found on the means of
any of the sleep measures including TST, SE, WASO, number of
night-wakings, and SOL. Medium to high PSG-Actigraphy correlations were found on the ﬁrst 4 measures. The authors concluded
that actigraphy (with the speciﬁc setup used in their study)
provides satisfactory objective sleep measures in individuals with
insomnia.
Vallières and Morin conducted a study assessing the correspondence of PSG, actigraphy and diary measures in assessing sleep in 17
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participants with chronic primary insomnia.43 The comparison was
based on 2 baseline and 2 post-treatment nights. The ﬁndings
reﬂected reasonable actigraphy-PSG correspondence which overall
surpassed the diary-PSG correspondence. As in most other studies,
actigraphy underestimated SOL in comparison to PSG.
Along similar lines, Siversten et al. assessed the accuracy and
clinical utility of actigraphy in comparison to PSG in older adults
treated for chronic insomnia.44 The sample included 34 participants with chronic primary insomnia (mean age: 60.5 years). The
study compared cognitive-behavioral therapy (CBT), drug intervention and placebo control. When compared to PSG, the actigraphic epoch-by-epoch sleep-wake scoring demonstrated high
sensitivity to sleep (95.2%) but low ability to detect wakefulness
(speciﬁcity: 36.3%). As pointed earlier in the discussion of algorithm
validation, the authors reported that the accuracy of the sleepwake scoring was dependent on PSG-determined sleep efﬁciency.
Poorer sleep was associated with poorer accuracy.
Another recent study reassessed the validity of actigraphy in
assessing insomnia.45 Thirty-one participants diagnosed with
primary insomnia were compared to 31 controls using actigraphy
and PSG monitoring at their homes. As reported in earlier studies, in
comparison to PSG, actigraphy underestimated sleep latency. No
differences were found between actigraphy and PSG estimates of
WASO, TST and SE. Medium to large correlations were found
between most of the PSG and actigraphic sleep measures. For
instance, the correlations for sleep latency were .57 and .80 in
insomnia patients and controls, respectively. The correlations for
WASO were .85 and .78, for TST: .92 and .93; and for SE: .77 and .81,
respectively. The authors concluded that actigraphy is a valid tool for
assessing sleep in insomnia patients and normal controls studied in
their home environment. They also reported that actigraphy was
sensitive to variations in subjective perception of sleep quality.
Natale et al. assessed the validity of actigraphy in distinguishing
between 126 insomnia patients and 282 normal controls.46 They
found signiﬁcant group differences in actigraphic sleep measures.
In comparison to the controls the insomnia patients had signiﬁcantly longer SOL and WASO, shorter TST, increased number of
night-wakings and, lower SE. Furthermore, they found that a linear
function based on 3 actigraphic measures (number of nightwakings longer than 5 min, TST, and SOL) discriminated well
between individuals with insomnia and controls.
Considering the high night-to-night variability in sleep patterns
in insomnia, it has been suggested that a period of at least one week is
needed to provide reliable estimates of sleep.47 In a study comparing
PSG and actigraphic scoring of sleep time and SE, Van Someren has
demonstrated improved reliability and reduction in PSG-Actigraphy
measures discrepancy with the growing number of monitored
nights. Buysse et al.48 also noted the high night-to-nigh sleep variability as demonstrated by subjective and actigraphic measures.
Considering these studies and earlier ones, it can be concluded
that actigraphy provides sleep assessment with reasonable sensitivity to detect group differences between clinical groups of individuals with insomnia and controls. These ﬁndings suggest that
actigraphy can provide meaningful data in the assessment of
insomnia. It is however, very important to remember that large
discrepancies between subjective reports of insomnia patients and
actigraphy measures should not be automatically attributed to
inaccurate patients’ reports, and are also likely to occur because of
the inability of actigraphy to detect motionless wakefulness which
is quite common in insomnia.

used in a high resolution mode (short epochs; e.g., 5-sec intervals)
and compared to EMG data derived from a simultaneous actigraphy-PSG study. In an earlier study, Sforza et al.54 reported high
correlation between actigraphy and PSG in detecting movement
but actigraphy signiﬁcantly underestimated leg electromyographic
activity and therefore, was not recommended for regular diagnostic
purposes. More recently, Sforza et al.53 reported better results with
a device specially tailored to detect limb movements and PLMS
with high time resolution. The actigraphic measure of PLMS from
this was highly correlated with PSG-deﬁned PLMS (r ¼ .87) and
both sensitivity and speciﬁcity for detecting PLMS index >10 were
in an acceptable range, .88 and .76, respectively. The authors
concluded that this new methodology is highly reliable and can be
used for assessment. Similarly, King et al. reported excellent validity
indices for documenting PLMS in comparison to PSG.49 However, an
attempt to replicate these ﬁndings with children (ages 4e12 years)
failed to reach acceptable validity and the authors concluded that
the method is not accurate enough for assessing PLMS in children.50
Actigraphy has never been considered as a valid tool to assess
SDB although some actigraphic measures are correlated with SDB
indices.1e3 Some recent studies suggest that actigraphy may assist
simpliﬁed polygraphy in diagnosing SDB.57,58 For instance, Elbaz
et al.57 compared PSG-derived AHI to an estimate derived from
simple respiratory polygraphy (with time in bed (TIB) as an estimate for sleep duration) and an estimate based on simple polygraphy and actigraphy-based TST. The results indicated that the use
of actigraphy-based estimate TST improved the validity of the AHI
estimate based on simple polygraphy. A similar study indicated that
the contribution of actigraphy to assess TST for the calculation of
AHI was a relatively minor one.58
Gagnadoux et al.59 compared PSG- and actigraphy-based TST
estimates in sleep apnea patients and found very good correspondence with a correlation of .90 and a mean difference in TST estimate of only 2.5 min. Furthermore, they used actigraphy to assess
the daily use of nasal continuous positive airway pressure (nCPAP)
as a function of TST. The use of nCPAP as a proportion of TST ranged
between 41 and 100% (mean ¼ 82%), and the authors suggested
that actigraphy can be used to improve the assessment of treatment
compliance.
Another disorder that is not often studied with actigraphy is
narcolepsy. Middelkoop et al.60 have demonstrated that actigraphic
measures of daytime and nighttime uninterrupted immobility were
able to distinguish between non-medicated patients with narcolepsy and controls. More recently, Bruck et al.61 have replicated this
ﬁnding and have also shown that the actigraphic measure of
uninterrupted immobility can distinguish between non-medicated
patients with narcolepsy and controls. Furthermore, they have
shown that treatment with stimulants normalized this measure.
These studies suggest that actigraphy may help in the diagnosis of
narcolepsy. Furthermore, actigraphy is used to assess behaviorally
induced insufﬁcient sleep which is an essential component of the
assessment of narcolepsy.5,62
In considering medical disorders, it can be concluded that recent
studies have provided additional support regarding the role of
actigraphy as a supplementary tool in the assessment of these
disorders. They also underscore some of the existing limitations of
actigraphy in taking a more leading role in diagnosing these
conditions.

Assessment of PLMS, sleep-disordered breathing and narcolepsy

Previous reviews on actigraphy and/or sleep-schedule disorders
have concluded that actigraphy is a good tool for assessment
of these disorders.1e3,5,63e65 However, no new validation studies
have focused on this speciﬁc topic. Considering the repeatedly

One of the recent developing applications for actigraphy is the
assessment of PLMS.49e56 To detect PLMS, actigraphy is usually

Assessment of sleep-schedule disorders
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demonstrated high validity of actigraphy in assessing sleep
schedule measures (sleep onset, rise time, TST) it is quite compelling to assume that actigraphy can provide an objective picture of
the individual’s sleep-wake schedule and therefore facilitate the
diagnosis of these disorders.
Actigraphic assessment of interventions for sleep disorders
Assessment of non-pharmacologic interventions for insomnia
Recent studies on insomnia treatment have replicated earlier
ﬁndings and demonstrated that actigraphy is sensitive to intervention effects as reﬂected in improvement of actigraphic sleep
measures.43,44,66,67 For instance, Sivertsen et al.44 reported that
actigraphy detected the changes in total sleep time and WASO, but
failed to detect the PSG-identiﬁed improvement in SOL and SE. The
authors concluded that the clinical utility of actigraphy in older
adults with insomnia is still suboptimal and requires the use of
supplementary assessment methods.
Another study focused on the assessment of CBT for insomnia
using actigraphy and sleep diary data.66 In this study, CBT was
compared to sleep hygiene education in patients with primary
insomnia and patients with insomnia associated with other
psychiatric disorders. Actigraphy and sleep diaries were used to
assess sleep during baseline, post-treatment and 6-month followup periods. Actigraphy reﬂected superior intervention effects for
CBT as manifested mainly in signiﬁcant reduction in WASO and
increase in SE. In another study assessing CBT for insomnia, Manber
et al.67 also reported that actigraphy detected signiﬁcant improvement in all actigraphic sleep measures including WASO, TST, and SE.
Espie et al.68 demonstrated that a CBT-based intervention conducted by primary care nurses was effective in improving sleep in
comparison to treatment as usual. Actigraphy detected signiﬁcant
improvement in WASO, whereas sleep diaries detected also
signiﬁcant improvement in SOL and SE. Taken together, these
studies demonstrated the sensitivity of actigraphy in detecting
changes in sleep associated with behavioral intervention for
insomnia. Finally, Harris et al.69 demonstrated that brief sleep
retraining was effective in improving sleep in patients with chronic
primary insomnia as evidenced by subjective and actigraphic
measures.
Subjective perception of sleep is often highly distorted in individuals suffering from insomnia and they tend to overestimate SOL
and underestimate sleep time. The usefulness of actigraphy for
correcting such distortions has been demonstrated in a clinical
study.70 In this study sleep of 40 patients suffering from insomnia
was monitored at home for 3 days using sleep diaries and actigraphy. Using the collected data, half of the sample (randomly
assigned) received feedback on the subjective-actigraphic sleep
discrepancy and the second half received no such information.
Following the intervention sleep was again monitored for additional 3 days. In comparison to the no-feedback group, participants
who received discrepancy feedback were more accurate in their
SOL estimation on the post intervention nights and reported less
anxiety and preoccupation with sleep. The results demonstrated
the potential of actigraphy in correcting subjective distorted
perceptions about sleep as an essential component in the therapeutic process with insomnia patients.
It is important to note that not all studies using actigraphy to
assess effects of non-pharmacologic interventions provided positive results. For instance, Ouslander et al.71 assessed the effects of
an intervention based on sleep hygiene rules, evening bright
light exposure and sleep promoting conditions in community
nursing homes. Actigraphy did not detect any changes in sleep
associated with the intervention, but nor did polysomnography in

a subsample. Because of the failure of both actigraphy and polysomnography in detecting changes in sleep it would be reasonable
to conclude that the intervention failed to produce change.
Overall, these recent ﬁndings and the accumulative knowledge
from older studies suggest that actigraphy is a valuable tool in
assessing changes in sleep patterns in response to behavioral
interventions for insomnia. This is particularly true at group level.
At the individual level, actigraphy can still yield substantial errors
in assessing motionless wakefulness.
Assessment of drug interventions
Actigraphy has been often used to assess the effects of drug
interventions on sleep patterns.1e3,72 It has been demonstrated that
actigraphic sleep measures are sensitive enough to detect changes
related to such interventions. Newer studies continue to provide
evidence that supports the validity of actigraphy for such applications. It is beyond the scope of this review paper to cover all studies in
this area, but a few examples will serve to illustrate this point. Some
of the studies reported earlier on actigraphy in insomnia patients
have also tested and demonstrated the sensitivity of actigraphy in
documenting drug induced improvement in sleep in these patients.44
Furthermore, Wilson et al.73 used actigraphy to assess the effects of
temazepam on sleep in patients suffering from insomnia. Actigraphy
was sensitive enough to detect sleep changes during periods of drug
administration and withdrawal. Paul et al.74 assessed the effects of
melatonin and zopiclone in air crew members coping with adaptation with transatlantic ﬂights and time zone changes. Actigraphic
measures indicated that both zopiclone and melatonin had positive
impact on sleep patterns and facilitated adaptation. De Castro-Silva
et al.75 studied the effects of 3 mg Melatonin on sleep in patients with
cystic ﬁbrosis. Melatonin administration signiﬁcantly reduced nitrite
levels and improved actigraphic SE. Impressive positive impact on
actigraphic sleep has been documented with administration of
melatonin to children with Asperger’s syndrome.76
Sleep in other medical and mental disorders
Actigraphy has been used extensively to assess manifestations
of altered sleep in individuals suffering from medical or mental
disorders and to assess the impact of speciﬁc medication for the
disorder in improving sleep of these individuals. It is beyond the
scope of this review paper to cover the dozens of studies using
actigraphy to document sleep in all these conditions. A few
examples will serve to illustrate this topic.
Attention deﬁcit hyperactivity disorder (ADHD) is a common
neurobehavioral disorder that has been extensively associated with
dysregulated sleep and sleep disorders.77e79 ADHD has been associated with increased likelihood of periodic limb movements
disorder (PLMD) and SDB and irregular sleep schedule. Recent actigraphic studies in children and adults provided additional information and validated earlier ﬁndings. For instance, Gruber et al.80
documented increased night-to-night variability in sleep schedule
of children with ADHD in comparison to controls. More recent studies
have replicated these ﬁndings.81e83 Hvolby et al.83 also reported
longer SOL in children with ADHD. However, Owens et al.84 failed to
ﬁnd increased night-to-night variability in children with ADHD but
reported shorter actigraphic sleep and more disturbed sleep in
comparison to controls. In adults with ADHD, Boonstra et al.85
documented with actigraphy longer SOL, lower SE and shorter
bouts of uninterrupted sleep in comparison to controls. However, not
all studies have replicated the associations between actigraphic sleep
and ADHD. For instance, a study looking at the associations between
sleep patterns in typically and atypically developing children with or
without ADHD proﬁle, failed to detect any differences in actigraphic
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sleep measures although signiﬁcant differences were found in
reported sleep patterns.86 Perhaps different underlying characteristics can explain some of these differences in actigraphic sleep ﬁndings in individuals with ADHD.87 However, an attempt to compare
ADHD subtypes has failed to document differences in actigraphic
sleep measures.88 Recent studies have also demonstrated (using
actigraphy) the effects of the common drug used to treat ADHD
(methylphenidate e MPH) on sleep,89e91 and the beneﬁts of melatonin treatment for children with ADHD and sleep onset
insomnia.92,93
Another example demonstrating the sensitivity of actigraphy in
detecting distinct sleep patterns is related to acute or chronic pain
disorders. Distinct sleep patterns have been documented in painrelated disorders in children94e96 and adults.97,98 Yet another
example is the case of allergies. Actigraphy has been used to
document compromised sleep patterns in patients suffering from
allergic rhinitis.99,100
New research applications for actigraphy
Many sleep-related research protocols report using actigraphy to
verify that their participants followed a certain sleep schedule
before coming to the lab for testing (e.g., to exclude prior sleep
deprivation or sleep problems). However, a relatively new application of actigraphy is for ambulatory research on sleep restriction or
sleep deprivation conducted in the participants, own natural environment. For instance, Sadeh et al.101 performed a study on sleep
restriction/extension in school-age children using actigraphy to
document regular sleep schedule of the children and then to verify
that they went to sleep 1 h earlier or later (according to random
assignment) for 3 consecutive nights. Actigraphy revealed sleep
extension or restriction of about 40 min per night, under these
conditions. The children’s neurobehavioral functioning was
assessed using computerized tests at school during mornings after
regular sleep and following the 3 nights of sleep restriction/extension. The results showed signiﬁcant deﬁcit associated with sleep
restriction in comparison to sleep extension. Similar protocols have
been used in additional studies in children102e104 and adults.105
Conclusions and recommendations
The following conclusions can be derived from this review:
 In comparison to PSG, actigraphy has reasonable validity and
reliability in assessing sleep-wake patterns in normal individuals with average or good sleep quality.
 The validity of actigraphy in special populations (e.g., elderly
people, individuals with other major health problems or individuals with poor sleep quality) is more questionable.
 The main methodological problem associated with the validity
of actigraphic sleep-wake scoring is the relatively low ability to
detect wakefulness during sleep periods reported for certain
devices, algorithms and populations.
 Actigraphy has good agreement with subjective reports on
sleep schedule parameters. With regard to sleep quality
measures (e.g., night-wakings or SE) there is relatively low
correspondence between actigraphy and reported sleep
measures.
 Special actigraphy devices and algorithms for the assessment
of periodic limb movements have shown some promise in
validation studies and can be used for screening purpose in
large populations.
 Actigraphy is sensitive in detecting compromised or altered
sleep patterns in individuals with speciﬁc sleep disorders or
other medical or neurobehavioral disorders.
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 Actigraphy is sensitive to changes in sleep associated with
pharmacologic and non-pharmacologic interventions for individuals with sleep disorders or other medical disorders that
comprise sleep.
 Movement artifacts and other technical failures should always
be considered and managed before using automatic algorithms
to analyze actigraphic data.
 It is always crucial to remember that in the ﬁnal analysis
actigraphy only measures movements and not sleep per se, and
therefore it is affected by other neurobehavioral systems and
control mechanisms that are unrelated to sleep (e.g., disorders
of the motor system).

Practice points
1) Actigraphy is a cost-effective method to objectively
assess sleep and sleep disorders.
2) Because of many validity issues it is recommended,
whenever possible, to use actigraphy in concert with
complementary objective and subjective methods to
reduce uncertainties associated with actigraphy and to
obtain more detailed information beyond the limited
data derived from body movements.
3) It is important to refer to the literature for information
on the validity of the specific device and algorithm used
with the specific population under study. Different
devices have unique physical characteristics and
scoring algorithms and one cannot assume that all
devices automatically fit to the general view that actigraphy is valid for sleep assessment.
4) In assessing reports on validity of actigraphy one
should look for high sensitivity and at least a reasonable
sensitivity (not below .60) in the epoch-by-epoch PSGactigraphy comparisons. General agreement rates may
be misleading. One should also look for additional
reliability statistics such as Kappa estimates of reliability, correlations between actigraphy- and PSGderived measures or BlandeAltman plots.
5) Extended monitoring (5 days or longer) reduces the
inherent measurement errors in actigraphy and
increases reliability.
6) Actigraphy appears to be sensitive to clinical interventions in sleep medicine. It provides objective data on the
efficacy of the intervention. Clinical interventions are
usually based on an extended process over days and
weeks and therefore have good fit with the advantages
of actigraphy for long-term monitoring.

Research agenda
1) In light of the limited validity of actigraphy in special
populations or in individuals with compromised sleep
or movement-related disorders, it is important to
pursue the efforts to improve or develop new tailored
algorithms to overcome this major limitation of actigraphy. It is also recommended to expand the comparison between actigraphy and PSG to cover extended
periods of in and out of bed activities to correspond
more closely to the way actigraphy is commonly practiced (24/7 monitoring).
2) Continue development and validation of devices
specially tailored to detect PLMS, breathing-related
movements and SDB detection.
3) Continue development of additional information channels on the devices, including light, temperature,
removal detection and perhaps different frequency
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filters for movement detection to enable better identification of artifacts, breathing-related movements,
PLMS and other clinically viable data (e.g., light
exposure).
4) Explore methods for automatic detection of potential
movement artifacts for better reliability of the data.
5) Pursue and expand research on various clinical populations. Particularly missing is more research on sleepschedule disorders and diagnostic criteria for actigraphy-based identification of these disorders.

Conﬂict of interests
The author has no conﬂict of interests to disclose.
Acknowledgement
I thank Liat Tikotzky for her helpful review and comments.
References
1. Sadeh A, Hauri PJ, Kripke DF, Lavie P. The role of actigraphy in the evaluation of sleep disorders. Sleep 1995;18:288e302.
2. Sadeh A, Acebo C. The role of actigraphy in sleep medicine. Sleep Med Rev
2002;6:113e24.
3. Ancoli-Israel S, Cole R, Alessi C, Chambers M, Moorcroft W, Pollak CP. The
role of actigraphy in the study of sleep and circadian rhythms. Sleep
2003;26:342e92.
4. Littner M, Kushida CA, Anderson WM, Bailey D, Berry RB, Davila DG, et al.
Practice parameters for the role of actigraphy in the study of sleep and
circadian rhythms: an update for 2002. Sleep 2003;26:337e41.
5. Morgenthaler T, Alessi C, Friedman L, Owens J, Kapur V, Boehlecke B, et al.
Practice parameters for the use of actigraphy in the assessment of sleep
and sleep disorders: an update for 2007. Sleep 2007;30:519e29.
6. Thorpy M, Chesson A, Derderian S, Kader G, Potolicchio S, Rosen G, et al.
Practice parameters for the use of actigraphy in the clinical assessment of
sleep disorders. Sleep 1995;18:285e7.
7. Insana SP, Gozal D, Montgomery-Downs HE. Invalidity of one actigraphy
brand for identifying sleep and wake among infants. Sleep Med
2010;11:191e6.
8. Sitnick SL, Goodlin-Jones BL, Anders TF. The use of actigraphy to study
sleep disorders in preschoolers: some concerns about detection of nighttime awakenings. Sleep 2008;31:395e401.
*9. Gale J, Signal TL, Gander PH. Statistical artifact in the validation of actigraphy. Sleep 2005;28:1017e8.
*10. Paquet J, Kawinska A, Carrier J. Wake detection capacity of actigraphy
during sleep. Sleep 2007;30:1362e9.
11. de Souza L, Benedito-Silva AA, Pires MLN, Poyares D, Tuﬁk S, Calil HM.
Further validation of actigraphy for sleep studies. Sleep 2003;26:81e5.
12. Sung M, Adamson TM, Horne RS. Validation of actigraphy for determining
sleep and wake in preterm infants. Acta Paediatr 2009;98:52e7.
*13. Tryon WW. Issues of validity in actigraphic sleep assessment. Sleep
2004;27:158e65.
*14. Berger AM, Wielgus KK, Young-McCaughan S, Fischer P, Farr L, Lee KA.
Methodological challenges when using actigraphy in research. J Pain
Symptom Manage 2008;36:191e9.
15. Tonetti L, Pasquini F, Fabbri M, Belluzzi M, Natale V. Comparison of two
different actigraphs with polysomnography in healthy young subjects.
Chronobiol Int 2008;25:145e53.
16. So K, Buckley P, Adamson TM, Horne RSC. Actigraphy correctly predicts
sleep behavior in infants who are younger than six months, when
compared with polysomnography. Pediatr Res 2005;58:761e5.
17. Gnidovec B, Neubauer D, Zidar J. Actigraphic assessment of sleep-wake
rhythm during the ﬁrst 6 months of life. Clin Neurophysiol
2002;113:1815e21.
*18. Johnson NL, Kirchner HL, Rosen CL, Storfer-Isser A, Cartar LN, AncoliIsrael S, et al. Sleep estimation using wrist actigraphy in adolescents with
and without sleep disordered breathing: a comparison of three data modes.
Sleep 2007;30:899e905.
*19. Hyde M, O’Driscoll DM, Binette S, Galang C, Tan SK, Verginis N, et al.
Validation of actigraphy for determining sleep and wake in children with
sleep disordered breathing. J Sleep Res 2007;16:213e6.

* The most important references are denoted by an asterisk.

20. Laakso ML, Leinonen L, Lindblom N, Joutsiniemi SL, Kaski M. Wrist actigraphy in estimation of sleep and wake in intellectually disabled subjects
with motor handicaps. Sleep Med 2004;5:541e50.
21. Spivak E, Oksenberg A, Catz A. The feasibility of sleep assessment by actigraph in patients with tetraplegia. Spinal Cord 2007;45:765e70.
*22. Mehra R, Stone KL, Ancoli-Israel S, Litwack-Harrison S, Ensrud KE,
Redline S. Interpreting wrist actigraphic indices of sleep in epidemiologic
studies of the elderly: the study of osteoporotic fractures. Sleep
2008;31:1569e76.
23. Signal TL, Gale J, Gander PH. Sleep measurement in ﬂight crew: comparing
actigraphic and subjective estimates to polysomnography. Aviat Space
Environ Med 2005;76:1058e63.
24. Acebo C, Sadeh A, Seifer R, Tzischinsky O, Wolfson AR, Hafer A, et al.
Estimating sleep patterns with activity monitoring in children and
adolescents: how many nights are necessary for reliable measures? Sleep
1999;22:95e103.
25. Kawada T. Agreement rates for sleep/wake judgments obtained via accelerometer and sleep diary: a comparison. Behav Res Methods 2008;40:1026e9.
26. Hoekert M, Riemersma-van der Lek RF, Swaab DF, Kaufer D, Van
Someren EJW. Comparison between informant-observed and actigraphic
assessments of sleep-wake rhythm disturbances in demented residents of
homes for the elderly. Am J Geriatr Psychiatry 2006;14:104e11.
27. So K, Adamson TM, Horne RSC. The use of actigraphy for assessment of the
development of sleep/wake patterns in infants during the ﬁrst 12 months
of life. J Sleep Res 2007;16:181e7.
28. Tsai SY, Burr RL, Thomas KA. Effect of external motion on correspondence
between infant actigraphy and maternal diary. Infant Behav Dev 2009;32:340e3.
29. Sadeh A. A brief screening questionnaire for infant sleep problems: validation and ﬁndings for an internet sample. Pediatrics 2004;113:E570e7.
30. Holley S, Hill CM, Stevenson J. A comparison of actigraphy and parental
report of sleep habits in typically developing children aged 6 to 11 years.
Behav Sleep Med 2010;8:16e27.
31. Iwasaki M, Iwata S, Iemura A, Yamashita N, Tomino Y, Anme T, et al. Utility
of subjective sleep assessment tools for healthy preschool children:
a comparative study between sleep logs, questionnaires, and actigraphy.
J Epidemiol 2010;20:143e9.
32. Werner H, Molinari L, Guyer C, Jenni OG. Agreement rates between actigraphy, diary, and questionnaire for children’s sleep patterns. Arch Pediatr
Adolesc Med 2008;162:350e8.
33. Wolfson AR, Carskadon MA, Acebo C, Seifer R, Fallone G, Labyak SE, et al.
Evidence for the validity of a sleep habits survey for adolescents. Sleep
2003;26:213e6.
*34. Knutson KL, Rathouz PJ, Yan LJL, Liu K, Lauderdale DS. Intra-individual daily
and yearly variability in actigraphically recorded sleep measures: the
CARDIA study. Sleep 2007;30:793e6.
35. Sadeh A, Dahl RE, Shahar G, Rosenblat-Stein S. Sleep and the transition to
adolescence: a longitudinal study. Sleep 2009;32:1602e9.
36. Tilmanne J, Urbain J, Kothare MV, Wouwer AV, Kothare SV. Algorithms for
sleep-wake identiﬁcation using actigraphy: a comparative study and new
results. J Sleep Res 2009;18:85e98.
37. Sazonov E, Sazonova N, Schuckers S, Neuman M. Activity-based sleep-wake
identiﬁcation in infants. Physiol Meas 2004;25:1291e304.
38. Enomoto M, Endo T, Suenaga K, Miura N, Nakano Y, Kohtoh S, et al. Newly
developed waist actigraphy and its sleep/wake scoring algorithm. Sleep Biol
Rhythms 2009;7:17e22.
39. Lotjonen J, Korhonen I, Hirvonen K, Eskelinen T, Myllymaki M, Partinen M.
Automatic sleep-wake and nap analysis with a new wrist worn online
activity monitoring device Vivago WristCareÒ. Sleep 2003;26:86e90.
40. Chae KY, Kripke DF, Poceta JS, Shadan F, Jamil SM, Cronin JW, et al. Evaluation of immobility time for sleep latency in actigraphy. Sleep Med
2009;10:621e5.
41. Hauri PJ, Wisbey J. Wrist actigraphy in insomnia. Sleep 1992;15:293e301.
*42. Lichstein KL, Stone KC, Donaldson J, Nau SD, Soefﬁng JP, Murray D, et al.
Actigraphy validation with insomnia. Sleep 2006;29:232e9.
43. Vallieres A, Morin CM. Actigraphy in the assessment of insomnia. Sleep
2003;26:902e6.
44. Sivertsen B, Omvik S, Havik OE, Pallesen S, Bjorvatn B, Nielsen GH, et al. A
comparison of actigraphy and polysomnography in older adults treated for
chronic primary insomnia. Sleep 2006;29:1353e8.
45. Sanchez-Ortuno MM, Edinger JD, Means MK, Almirall D. Home is where
sleep is: an ecological approach to test the validity of actigraphy for the
assessment of insomnia. J Clin Sleep Med 2010;6:21e9.
*46. Natale V, Plazzi G, Martoni M. Actigraphy in the assessment of insomnia:
a quantitative approach. Sleep 2009;32:767e71.
47. Van Someren EJW. Improving actigraphic sleep estimates in insomnia and
dementia: how many nights? J Sleep Res 2007;16:269e75.
48. Buysse DJ, Cheng Y, Germain A, Moul DE, Franzen PL, Fletcher M, et al.
Night-to-night sleep variability in older adults with and without chronic
insomnia. Sleep Med 2010;11:56e64.
49. King MA, Jaffre MO, Morrish E, Shneerson JM, Smith IE. The validation of
a new actigraphy system for the measurement of periodic leg movements
in sleep. Sleep Med 2005;6:507e13.
50. Montgomery-Downs HE, Crabtree VM, Gozal D. Actigraphic recordings in
quantiﬁcation of periodic leg movements during sleep in children. Sleep
Med 2005;6:325e32.

A. Sadeh / Sleep Medicine Reviews 15 (2011) 259e267
51. Allen R, Chen C, Soaita A, Wohlberg C, Knapp L, Peterson BT, et al. A
randomized, double-blind, 6-week, dose-ranging study of pregabalin in
patients with restless legs syndrome. Sleep Med 2010;11:512e9.
52. Allen RP. Improving RLS diagnosis and severity assessment: polysomnography, actigraphy and RLS-sleep log. Sleep Med 2007;8:S13e8.
53. Sforza E, Johannes M, Claudio B. The PAM-RL ambulatory device for
detection of periodic leg movements: a validation study. Sleep Med
2005;6:407e13.
54. Sforza E, Zamagni M, Petiav C, Krieger J. Actigraphy and leg movements
during sleep: a validation study. J Clin Neurophysiol 1999;16:154e60.
55. Gschliesser V, Frauscher B, Brandauer E, Kohnen R, Ulmer H, Poewe W,
et al. PLM detection by actigraphy compared to polysomnography: a validation and comparison of two actigraphs. Sleep Med 2009;10:306e11.
56. Trotti LM, Bliwise DL, Greer SA, Sigurdsson AP, Gudmundsdottir GB,
Wessel T, et al. Correlates of PLMs variability over multiple nights and
impact upon RLS diagnosis. Sleep Med 2009;10:668e71.
57. Elbaz M, Roue GM, Lofaso F, Salva MAQ. Utility of actigraphy in the diagnosis of obstructive sleep apnea. Sleep 2002;25:527e31.
58. Garcia-Diaz E, Quintana-Gallego E, Ruiz A, Carmona-Bernal C, SanchezArmengol A, Botebol-Benhamou G, et al. Respiratory polygraphy with
actigraphy in the diagnosis of sleep apnea-hypopnea syndrome. Chest
2007;131:725e32.
59. Gagnadoux F, Nguyen XL, Rakotonanahary D, Vidal S, Fleury B. Wristactigraphic estimation of sleep time under nCPAP treatment in sleep
apnoea patients. Eur Respir J 2004;23:891e5.
60. Middelkoop HA, Lammers GJ, Van Hilten BJ, Ruwhof C, Pijl H,
Kamphuisen HA. Circadian distribution of motor activity and immobility in
narcolepsy: assessment with continuous motor activity monitoring.
Psychophysiology 1995;32:286e91.
61. Bruck D, Kennedy GA, Cooper A, Apel S. Diurnal actigraphy and stimulant
efﬁcacy in narcolepsy. Hum Psychopharmacol-Clin Exp 2005;20:105e13.
62. Marti I, Valko PO, Khatami R, Bassetti CL, Baumann CR. Multiple sleep
latency measures in narcolepsy and behaviourally induced insufﬁcient
sleep syndrome. Sleep Med 2009;10:1146e50.
63. Morgenthaler TI, Lee-Chiong T, Alessi C, Friedman L, Aurora RN,
Boehlecke B, et al. Practice parameters for the clinical evaluation and
treatment of circadian rhythm sleep disorders. Sleep 2007;30:1445e59.
64. Sack RL, Auckley D, Auger RR, Carskadon MA, Wright KP, Vitiello MV, et al.
Circadian rhythm sleep disorders: part II, advanced sleep phase disorder,
delayed sleep phase disorder, free-running disorder, and irregular sleepwake rhythm. Sleep 2007;30:1484e501.
65. Sack RL, Auckley D, Auger RR, Carskadon MA, Wright Jr KP, Vitiello MV,
et al. Circadian rhythm sleep disorders: part I, basic principles, shift work
and jet lag disorders. An American Academy of Sleep Medicine review.
Sleep 2007;30:1460e83.
66. Edinger JD, Olsen MK, Stechuchak KM, Means MK, Lineberger MD, Kirby A,
et al. Cognitive behavioral therapy for patients with primary insomnia or
insomnia associated predominantly with mixed psychiatric disorders:
a randomized clinical trial. Sleep 2009;32:499e510.
67. Manber R, Edinger JD, Gress JL, Pedro-Salcedo MGS, Kuo TF, Kalista T.
Cognitive behavioral therapy for insomnia enhances depression outcome in
patients with comorbid major depressive disorder and insomnia. Sleep
2008;31:489e95.
68. Espie CA, MacMahon KM, Kelly HL, Broomﬁeld NM, Douglas NJ,
Engleman HM, et al. Randomized clinical effectiveness trial of nurseadministered small-group cognitive behavior therapy for persistent
insomnia in general practice. Sleep 2007;30:574e84.
69. Harris J, Lack L, Wright H, Gradisar M, Brooks A. Intensive sleep retraining
treatment for chronic primary insomnia: a preliminary investigation.
J Sleep Res 2007;16:276e84.
70. Tang NKY, Harvey AG. Correcting distorted perception of sleep in insomnia:
a novel behavioural experiment? Behav Res Ther 2004;42:27e39.
71. Ouslander JG, Connell BR, Bliwise DL, Endeshaw Y, Grifﬁths P, Schnelle JF. A
nonpharmacological intervention to improve sleep in nursing home
patients: results of a controlled clinical trial. J Am Geriatr Soc
2006;54:38e47.
72. Stanley N. Actigraphy in human psychopharmacology: a review. Hum
Psychopharmacol-Clin Exp 2003;18:39e49.
73. Wilson SJ, Rich AS, Rich NC, Potokar J, Nutt DJ. Evaluation of actigraphy and
automated telephoned questionnaires to assess hypnotic effects in
insomnia. Int Clin Psychopharmacol 2004;19:77e84.
74. Paul MA, Gray G, Sardana TM, Pigeau RA. Melatonin and zopiclone as
facilitators of early circadian sleep in operational air transport crews.
Aviation, Space Environ Med 2004;75:439e43.
75. de Castro-Silva C, de Bruin VMS, Cunha GMA, Nunes DM, Medeiros CAM, de
Bruin PFC. Melatonin improves sleep and reduces nitrite in the exhaled
breath condensate in cystic ﬁbrosis - a randomized, double-blind placebocontrolled study. J Pineal Res 2010;48:65e71.
76. Paavonen EJ, Nieminen-von Wendt T, Vanhala R, Aronen ET, von Wendt L.
Effectiveness of melatonin in the treatment of sleep disturbances in children with Asperger disorder. J Child Adolesc Psychopharmacol
2003;13:83e95.
77. Sadeh A, Pergamin L, Bar-Haim Y. Sleep in children with attention-deﬁcit
hyperactivity disorder: a meta-analysis of polysomnographic studies. Sleep
Med Rev 2006;10:381e98.

267

78. Cortese S, Faraone SV, Konofal E, Lecendreux M. Sleep in children with
attention-deﬁcit/hyperactivity disorder: meta-analysis of subjective and
objective studies. J Am Acad Child Adolesc Psychiatry 2009;48:894e908.
79. Cohen-Zion M, Ancoli-Israel S. Sleep in children with attention-deﬁcit
hyperactivity disorder (ADHD): a review of naturalistic and stimulant
intervention studies. Sleep Med Rev 2004;8:379e402.
80. Gruber R, Sadeh A, Raviv A. Instability of sleep patterns in children with
attention- deﬁcit/hyperactivity disorder. J Am Acad Child Adolesc Psychiatry
2000;39:495e501.
81. Crabtree VM, Ivanenko A, Gozal D. Clinical and parental assessment of sleep
in children with attention-deﬁcit/hyperactivity disorder referred to
a pediatric sleep medicine center. Clin Pediatr (Phila) 2003;42:807e13.
82. Gruber R, Sadeh A. Sleep and neurobehavioral functioning in boys with
attention deﬁcit hyperactivity disorder (ADHD) and no breathing problems. Sleep 2004;27:267e73.
83. Hvolby A, Jorgensen J, Bilenberg N. Actigraphic and parental reports of
sleep difﬁculties in children with attention-deﬁcit/hyperactivity disorder.
Arch Pediatr Adolesc Med 2008;162:323e9.
84. Owens J, Sangal RB, Sutton VK, Bakken R, Allen AJ, Kelsey D. Subjective and
objective measures of sleep in children with attention-deﬁcit/hyperactivity
disorder. Sleep Med 2009;10:446e56.
85. Boonstra AM, Kooij JJS, Oosterlaan J, Sergeant JA, Buitelaar JK, Van
Someren EJW. Hyperactive night and day? Actigraphy studies in adult
ADHD: a baseline comparison and the effect of methylphenidate. Sleep
2007;30:433e42.
86. Goodlin-Jones BL, Waters S, Anders TF. Objective sleep measurement in
typically and atypically developing preschool children with ADHD-like
proﬁles. Child Psychiatry Hum Dev 2009;40:257e68.
87. Gruber R, Grizenko N, Schwartz G, Ben Amor L, Gauthier J, de Guzman R,
et al. Sleep and COMT polymorphism in ADHD children: preliminary actigraphic data. J Am Acad Child Adolesc Psychiatry 2006;45:982e9.
88. Wiggs L, Montgomery P, Stores G. Actigraphic and parent reports of sleep
patterns and sleep disorders in children with subtypes of attention-deﬁcit
hyperactivity disorder. Sleep 2005;28:1437e45.
89. Schwartz G, Ben Amor L, Grizenko N, Lageix P, Baron C, Boivin DB, et al.
Actigraphic monitoring during sleep of children with ADHD on methylphenidate and placebo. J Am Acad Child Adolesc Psychiatry 2004;43:1276e82.
90. Corkum P, Panton R, Ironside S, MacPherson M, Williams T. Acute impact of
immediate release methylphenidate administered three times a day on
sleep in children with attention-deﬁcit/hyperactivity disorder. J Pediatr
Psychol 2008;33:368e79.
91. Sangal RB, Owens J, Allen AJ, Sutton V, Schuh K, Kelsey D. Effects of
atomoxetine and methylphenidate on sleep in children with ADHD. Sleep
2006;29:1573e85.
92. Van Der Heijden KB, Smits MG, Van Someren EJW, Ridderinkhof KR,
Gunning WB. Effect of melatonin on sleep, behavior, and cognition in
ADHD and chronic sleep-onset insomnia. J Am Acad Child Adolesc Psychiatry
2007;46:233e41.
93. Weiss MD, Wasdell MB, Bomben MM, Rea KJ, Freeman RD. Sleep hygiene
and melatonin treatment for children and adolescents with ADHD and
initial insomnia. J Am Acad Child Adolesc Psychiatry 2006;45:512e9.
94. Bursztein C, Steinberg T, Sadeh A. Sleep, sleepiness, and behavior problems
in children with headache. J Child Neurol 2006;21:1012e9.
95. Bruni O, Russo PM, Violani C, Guidetti V. Sleep and migraine: an actigraphic
study. Cephalalgia 2004;24:134e9.
96. Palermo TM, Toliver-Sokol M, Fonareva I, Koh JL. Objective and subjective
assessment of sleep in adolescents with chronic pain compared to healthy
adolescents. Clin J Pain 2007;23:812e20.
97. Lunde LH, Pallesen S, Krangnes L, Nordhus IH. Characteristics of sleep in
older persons with chronic pain: a study based on actigraphy and selfreporting. Clin J Pain 2010;26:132e7.
98. O’Donoghue GM, Fox N, Heneghan C, Hurley DA. Objective and subjective
assessment of sleep in chronic low back pain patients compared with
healthy age and gender matched controls: a pilot study. Bmc Musculoskelet
Disord 2009;10.
99. Rimmer J, Downie S, Bartlett DJ, Gralton J, Salome C. Sleep disturbance in
persistent allergic rhinitis measured using actigraphy. Ann Allergy Asthma
Immunol 2009;103:190e4.
100. Yuksel H, Sogut A, Yilmaz H, Yilmaz O, Dinc G. Sleep actigraphy evidence of
improved sleep after treatment of allergic rhinitis. Ann Allergy Asthma
Immunol 2009;103:290e4.
101. Sadeh A, Gruber R, Raviv A. The effects of sleep restriction and extension on
school-age children: what a difference an hour makes. Child Dev
2003;74:444e55.
102. Beebe DW, Fallone G, Godiwala N, Flanigan M, Martin D, Schaffner L, et al.
Feasibility and behavioral effects of an at-home multi-night sleep restriction protocol for adolescents. J Child Psychol Psychiatry 2008;49:915e23.
103. Fallone G, Acebo C, Seifer R, Carskadon MA. Experimental restriction of
sleep opportunity in children: effects on teacher ratings. Sleep 2005;28:
1561e7.
104. Fallone G, Seifer R, Acebo C, Carskadon MA. How well do school-aged
children comply with imposed sleep schedules at home? Sleep 2002;25:
739e45.
105. Sadeh A, Dan O, Bar-Haim Y. Online assessment of sustained attention
following sleep restriction. Sleep Med 2011;12(3):257e61.

