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Background: Actigraphy is increasingly used in sleep research and the
clinical care of patients with sleep and circadian rhythm abnormalities.
The following practice parameters update the previous practice param-
eters published in 2003 for the use of actigraphy in the study of sleep and
circadian rhythms.

Methods: Based upon a systematic grading of evidence, members of the
Standards of Practice Committee, including those with expertise in the
use of actigraphy, developed these practice parameters as a guide to the
appropriate use of actigraphy, both as a diagnostic tool in the evaluation
of sleep disorders and as an outcome measure of treatment efficacy in
clinical settings with appropriate patient populations.
Recommendations: Actigraphy provides an acceptably accurate es-
timate of sleep patterns in normal, healthy adult populations and inpa-
tients suspected of certain sleep disorders. More specifically, actigraphy
is indicated to assist in the evaluation of patients with advanced sleep
phase syndrome (ASPS), delayed sleep phase syndrome (DSPS), and
shift work disorder. Additionally, there is some evidence to support the use
of actigraphy in the evaluation of patients suspected of jet lag disorder and
non-24hr sleep/wake syndrome (including that associated with blindness).
When polysomnography is not available, actigraphy is indicated to esti-
mate total sleep time in patients with obstructive sleep apnea. In patients

with insomnia and hypersomnia, there is evidence to support the use of
actigraphy in the characterization of circadian rhythms and sleep patterns/
disturbances. In assessing response to therapy, actigraphy has proven
useful as an outcome measure in patients with circadian rhythm disorders
and insomnia. In older adults (including older nursing home residents), in
whom traditional sleep monitoring can be difficult, actigraphy is indicated
for characterizing sleep and circadian patterns and to document treatment
responses. Similarly, in normal infants and children, as well as special
pediatric populations, actigraphy has proven useful for delineating sleep
patterns and documenting treatment responses.

Conclusions: Recent research utilizing actigraphy in the assessment
and management of sleep disorders has allowed the development of
evidence-based recommendations for the use of actigraphy in the clinical
setting. Additional research is warranted to further refine and broaden its
clinical value.
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1. INTRODUCTION

ACTIGRAPHY INVOLVES USE OF A PORTABLE DEVICE
THAT RECORDS MOVEMENT OVER EXTENDED PERI-
ODS OF TIME, AND HAS BEEN USED EXTENSIVELY IN
the study of sleep and circadian rhythms. Since the publication of
the last American Academy of Sleep Medicine (AASM) practice
parameters on the use of actigraphy,' there has been an explosion
in the number of research articles utilizing actigraphy to estimate
sleep and circadian rhythms. In response to this new literature,
and the growing use of actigraphy in clinical sleep medicine, the
AASM Standards of Practice Committee (SPC) undertook the de-
velopment of these revised guidelines on the clinical use of this
technology.

Since the last review, additional literature has been published
that addresses the use of actigraphy in the evaluation of insomnia,
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circadian rhythm sleep disorders, sleep related breathing disor-
ders, determination of response to therapy, and in the evaluation
of sleep patterns among special populations. This literature, in
combination with growing clinical experience with actigraphy,
led to the inclusion of actigraphy as a measure of sleep duration
and sleep patterns in the diagnostic criteria for several specific
sleep disorders in the second edition of the International Clas-
sification of Sleep Disorders.? Actigraphy is listed as a diagnostic
tool in the ICSD-2 primarily when sleep patterns must be assessed
over time, making polysomnography impractical. For example,
the ICSD-2 diagnostic criteria for most circadian rhythm disor-
ders requires demonstration of abnormalities in the timing of the
habitual sleep pattern using either actigraphy or sleep logs for
seven days or more. The ICSD-2 also suggests that actigraphy
may be used to document inconsistencies between objective and
subjective measures of sleep timing in paradoxical insomnia, and
as an aid in assessment of habitual sleep time and circadian pat-
tern in patients with behaviorally induced insufficient sleep syn-
drome and idiopathic hypersomnia with and without long sleep
times. Actigraphy is additionally recommended as an adjunct to
the Multiple Sleep Latency Test to document a stable sleep pat-
tern and adequate sleep times prior to the test.

However, it should be noted that although the ICSD-2 reflects
consensus among experts regarding disease classification and di-
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agnostic criteria, there is great variability in the evidence support-
ing these diagnoses and criteria. In some cases, only face validity
and clinical experience guided the criteria, while in others there
was a wealth of supportive research evidence. The purpose of the
present document is to provide an updated, evidence-based re-
view of the use and indications for actigraphy in the evaluation
of sleep and sleep disorders. The title of the 2002 actigraphy pa-
rameter paper was modified from that of the first one, published
in 1995, which was titled: “Practice Parameters for the Use of
Actigraphy in The Clinical Assessment Of Sleep Disorders.” The
2002 paper was titled: “Practice Parameters for the Role of Actig-
raphy in the Study of Sleep and Circadian Rhythms: An Update
for 2002.” This change implied an emphasis on the uses of actig-
raphy in research. However, the current parameter paper returns
to the original focus on an evidence-based review of the use of
actigraphy in the assessment and management of sleep disorders
in the clinical setting.

2. METHODS

The SPC of the AASM commissioned among its members
those individuals with expertise in the use of actigraphy to con-
duct this review. These content experts were appointed in January
2006 to review and grade evidence in the peer-reviewed scientific
literature regarding the use of actigraphy in sleep and circadian
rhythm disorders. A computerized search was performed using
the search terms actigraph, actigraphy, actigraphic monitoring,
actigraphic recording, actimeter, actometer, wrist activity, rest
activity, or sleep-wake and found 3641 titles. These were then
cross-checked with 32,211 titles found using the search terms:
sleep disorders, circadian rhythm, or sleep, to yield 1884 titles.
This total was then limited to those published between 2001 and
2005 with a minimum of 8 subjects studied by actigraphy, those in
English, those from the core clinical journals, and those with em-
phasis on diagnosis (using the Ovid search engine) as a modifier
to yield 155 articles. After review of abstracts from these articles
to determine if they met inclusion criteria, plus of articles identi-
fied by pearling, a total 108 articles (see accompanying evidence
table) were included. Initial data extraction, preliminary evidence
grading in accordance with the standards in Table 1, and initial
data entry into evidence tables was performed by professionals
commissioned by the AASM SPC to expedite the review process.
This classification of evidence, based on suggestions of Sackett,?
is similar to that of the prior review and practice parameter paper
commissioned by the AASM SPC.! Some modifications of evi-
dence level criteria were applied by the AASM SPC to this update
of the practice parameters for actigraphy to insure the evidence
classification was in keeping with recent updates in the literature
for the field of evidence grading* (see Table 1). All evidence table
entries were reviewed and, if appropriate, revised by AASM SPC
content experts. Thus, all evidence grading was performed by in-
dependent review of the article by two experts, including mem-
bers of the SPC; areas of disagreement were addressed, and, if
needed, the chair of the AASM SPC arbitrated the final decision
on evidence level.

Three methodological issues engendered considerable debate
and discussion by the SPC:

1. Blinding. Typically, evidence graded as Level 1 according to
Sackett criteria requires blinding. In evaluations of the therapeutic
efficacy of medications, this means that neither the patients nor
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the researchers know whether the intervention is active drug or
placebo. In the case of the evaluation of actigraphy in comparison
to a reference standard (such as polysomnography), this could
be interpreted as requiring that the person scoring actigraphy is
unaware of the results of polysomnography scoring. Few studies
actually specified whether this was the case. Given the technol-
ogy used and the typical methodology currently used for scoring
actigraphic recordings (computer executed scoring programs), it
is unlikely that researchers remembered the results of the poly-
somnograms or simultaneously reviewed both recordings. How-
ever, even when using computer scoring of actigraphic data, most
situations require manual input of start and stop times. Thus, after
considerable discussion, the SPC elected the more conservative
approach and required an explicit declaration of blinding for a
study to receive a Level 1 rating. Some members of the Com-
mittee felt that this may have underestimated the quality of the
evidence for use of actigraphy.

2. Reference standard. The majority of the studies evaluated
actigraphy in comparison to a reference standard. In some cases
these were objective measures, such as polysomnography or dim
light melatonin onset; in other cases the reference was subjec-
tive, including sleep logs and estimates of sleep quality. For the
purposes of this review, we chose appropriate reference standards
based on specific diagnostic categories. Reference standards for
insomnia included PSG and/or sleep logs; for circadian rhythm
sleep disorders, PSG, phase markers, and/or sleep logs; for sleep
apnea, PSG; for restless legs syndrome and periodic limb move-
ments during sleep, PSG; for infants, caregiver reported observa-
tions; for elderly or demented persons, phase markers, sleep logs,
and/or caregiver reports; and for healthy controls, PSG, phase
markers, or sleep logs. The inclusion of research using subjective
reference standards (such as sleep logs, self-reported sleep, and
caregiver report) reflects the fact that many studies required the
study of patients over multiple sleep cycles or other circumstanc-
es where traditional PSG as a reference standard was impracti-
cal (e.g., infants and nursing home residents). As such, research
which compares actigraphy to subjective reference standards
does not necessarily imply a greater accuracy with either method,
but it does provide evidence as to the level of agreement between
these methods. In addition, some studies did not compare actig-
raphy with a reference standard but were useful for this review
for other reasons. For example, some studies used actigraphy to
assess treatment effects, or compared results from one actigraphy
scoring algorithm against another. As in the prior 2002 actigra-
phy review, the SPC elected to include evidence from these stud-
ies which did not compare actigraphy to a reference standard but
otherwise provided important information for the current review.
However, there was a change in the grading criteria for these stud-
ies, where those studies which did not directly compare results of
actigraphy with a reference standard within participants, but did
provide data that allowed comparison of group means from actig-
raphy data and appropriate reference standards, could be scored
as Level 3, rather than Level 4 or 5, as in the 2002 actigraphy
review (see Table 1).

3. What does actigraphy measure? Many studies used actig-
raphy data to estimate polysomnographic measures such as total
sleep time or wake after sleep onset. However, actigraphy simply
measures movement of a limb. Although it can be highly sensitive
and there are sophisticated algorithms that purport to accurately
estimate other parameters, it does not measure the same param-
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eters as an electroencephalogram. It therefore does not measure
sleep as it is commonly defined’ and does not measure the subjec-
tive experience of sleep (as do sleep logs and questionnaires). In
addition, systematic discrepancies between actigraphy and these
measures have been documented. For example, actigraphy gener-
ally underestimates sleep onset latency because many subjects are
inactive and awake for a period of time prior to electroencepha-
lographically defined sleep.®” Likewise, a recent epidemiologic
study reports systematic overestimation of sleep time by sleep
logs as compared to actigraphy.® On the other hand, insomnia pa-
tients frequently underestimate TST in their sleep logs.” Reflect-
ing these issues, in the current report, actigraphy will generally be
described as measuring “sleep pattern” (defined as the circadian
pattern of sleep and wakefulness over multiple sleep cycles) and
the presence or absence of increased wake time after sleep onset.
The exception to this will be in the section where total sleep time
during one night of testing is estimated by actigraphy as an aid in
the evaluation of sleep apnea and in the calculation of the apnea-
hypopnea index in patients with suspected sleep apnea.

On the basis of this review the AASM SPC developed the
recommendations included in this paper. In all but one condi-
tion, that regarding the use of actigraphy in hypersomnia, the
recommendations were based on evidence from studies pub-
lished in peer-reviewed journals that were evaluated as noted
above and specified in the description accompanying each rec-
ommendation. In developing the recommendation regarding use
of actigraphy in hypersomnia, there was insufficient scientific
data, but the SPC felt clinical guidance was indicated for use of
actigraphy in this condition, so the Rand/UCLA Appropriate-
ness Method was used to develop the recommendation by iden-
tifying the degree of agreement among the sleep experts in the
SPC after review of the limited data available. The Rand/UCLA
Appropriateness Method'® combines the best available scientific
evidence with the collective judgment of experts to yield state-
ments regarding the appropriateness of performing procedures.
Our expert panel rated the appropriateness of this indication in
two rounds by individually completing rating sheets. Based on
these ratings, we classified the indication as appropriate, uncer-
tain, or inappropriate. We determined that if there were strict
agreement that the procedure was appropriate, it would be as-
signed an “option” level recommendation. The certainty of all
the other recommendations was assigned according to available
evidence levels, as noted in Table 2.

These practice parameters define principles of practice that
should meet the needs of most patients in most situations. These
guidelines should not, however, be considered inclusive of all
proper methods of care or exclusive of other methods of care rea-
sonably expected to obtain the same results. The ultimate judg-
ment regarding appropriateness of any specific therapy must be
made by the physician and patient, in light of the individual cir-
cumstances presented by the patient, available diagnostic tools,
accessible treatment options, resources available, and other rel-
evant factors.

The AASM expects these guidelines to have an impact on pro-
fessional behavior, patient outcomes, and, possibly, health care
costs. These practice parameters reflect the state of knowledge at
the time of publication and will be reviewed, updated, and revised
as new information becomes available. This practice parameter
paper is referenced, where appropriate, with articles to support the
recommendation(s). New recommendations, as well as those that

SLEEP, Vol. 30, No. 4, 2007

are the same as, similar to, or an expansion of recommendations
in the prior practice parameters are noted in the text.

3. RESULTS AND RECOMMENDATIONS

Of the 108 studies reviewed for this project (see evidence ta-
ble), 44 used sleep logs alone as a reference standard, 16 used
polysomnography alone, and 10 used both sleep logs and poly-
somnography with which actigraphic ratings could be objectively
compared. Thirty-eight studies did not compare actigraphy to a
reference standard, as defined in Table 1. Of the 70 studies that
did compare actigraphy to a reference standard, 17 investigated
patients with circadian rhythm sleep disorders, 15 studied patients
with insomnia (including two studies of depressed patients), 11
were studies of pediatric patients, 7 were studies of elderly sub-
jects with and without dementia, 7 studied normal subjects, and
5 studied patients with sleep related breathing disorders. Eight of
the 70 studies were based on a variety of other patient popula-
tions including 2 with nocturnal eating disorders, 2 with restless
legs syndrome, and one each of the following patient populations:
alcoholics, atypical sexual behavior during sleep, cystic fibrosis,
and mixed hypersomnias.

The following are recommendations of the AASM SPC and
BOD regarding the use of actigraphy in clinical practice. The re-
viewed literature involved a variety of actigraphic monitors and
scoring algorithms. When described in the article, the particular
actigraphic device and/or algorithm used are listed in the evi-
dence tables. Clinicians using actigraphy in practice should en-
sure that they are familiar with the operational characteristics of
their equipment for the specific task employed.

3.1 Use of actigraphy in the evaluation of sleep disorders

3.1.1 Actigraphy is a valid way to assist in determining sleep pat-
terns in normal, healthy adult populations (Standard), and in pa-
tients suspected of certain sleep disorders. (Option-Guideline-
Standard; see specific parameter below)

This is an expansion of the previous standard (that was limited
to the validity and reliability in detecting sleep in normal, healthy
adult populations) to include specific patient populations, such as
patients with insomnia and those suspected of having circadian
rhythm sleep disorders. Specific indications for actigraphy will
be addressed in the parameters below. In the current review, ad-
ditional evidence was identified supporting use of actigraphy in
normal, healthy controls, and in patients with various sleep dis-
orders. Supportive studies includes nine with evidence Level 1;
ten with Level 2; thirty-eight Level 3; six with Level 4 and six
graded as Level 5. The conclusion in the preponderance of studies
was that actigraphy was correlated with the reference standard (as
defined in Table 1), especially for those studies rated by the SPC
at higher evidence levels. Pearson r values were reported for total
sleep time comparisons between actigraphy and polysomnogra-
phy in eight studies.””""'” The range was 0.15 to 0.92, with an
simple average of 0.71. All but the lowest r values were statisti-
cally significant. The lowest value was reported studying patients
suspected of sleep apnea.'® Three additional studies reported per-
centage agreement for total sleep time between actigraphy and
polysomnography of 90% in normal subjects,'® 84% in patients
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Table 1—Evidence Levels

1. Blind, prospective comparison of results obtained by actigra-
phy to those obtained by a reference standard* on an appropri-
ate spectrum of subjects and number of patients.

2. Comparison of results obtained by actigraphy to those obtained
by a reference standard* but blinding not specified, not pro-
spective, or on a limited spectrum of subjects or number of pa-
tients.

3. Comparison of results obtained by actigraphy to the mean value
of a reference standard*, but not direct within-subject compari-
son, or otherwise methodologically limited.

4.  Actigraphy compared to nonstandard reference or group differ-
ences shown:

a. Adequate comparison of results obtained by actigraphy to
those obtained by a non-standard reference*; or

b. Actigraphy not compared to any reference, but actigraphy
results demonstrated ability to detect significant difference
between groups or conditions in well-designed trial.

5. Actigraphy not adequately compared to any reference, and ei-
ther
a. Actigraphy not used in a well-designed trial, or
b. Actigraphy used in such a trial but did not demonstrate abil-

ity to detect significant difference between groups or condi-
tions.

* Reference standards for actigraphic evaluation of sleep and cir-
cadian rhythms varied by diagnostic category, and included gener-
ally accepted “gold standards,” applied in an acceptable manner.
By diagnostic category, reference standards for insomnia included
PSG and/or sleep logs; for circadian rhythm sleep disorders, PSG,
phase markers, and/or sleep logs; for sleep apnea, PSG; for restless
legs syndrome and periodic limb movements during sleep, PSG; for
infants, caregiver reported observations; for elderly or demented
persons, phase markers, sleep logs, and/or caregiver reports; and for
healthy controls, PSG, phase markers, or sleep logs. Nonstandard
references include such items applied outside their diagnostic cat-
egory, or other experimental monitors.

with sleep related breathing disorders,® and 84% in infants."

With the exception of the study by Penzel et al,'® most authors
concluded that actigraphy is significantly correlated with poly-
somnography in the measurement of total sleep time. For exam-
ple, Vallieres and Morin® concluded, “these results suggest that
actigraphy is a reliable method for assessing sleep-wake patterns
and for monitoring treatment response among insomnia patients.”
In a study of normal subjects, de Souza et al'? reported that “ap-
plying automatic sleep scoring to motor activity resulted in a
good accuracy (91%) with both the algorithms ... in comparison
to PSG.” In general, the agreement between actigraphy and poly-
somnography was higher than the agreement between actigraphy
and sleep logs.

3.1.2 Actigraphy is indicated to assist in the evaluation of patients
suspected of advanced sleep phase syndrome (ASPS), delayed
sleep phase syndrome (DSPS). and shift work sleep disorder
(Guideline); and circadian rhythm disorders, including jet lag and
non-24-hour sleep/wake syndrome [including that associated with
blindness] (Option)

This is a modification of the recommendation from the prior
practice parameter paper and expands the role of actigraphy in the
diagnosis of circadian rhythm sleep disorders. The use of actigra-
phy for evaluation of circadian rhythm disorders is based on ad-
ditional evidence included in this review. Although the evidence
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Table 2—AASM Levels of Recommendations

Term Definition

Standard  This is a generally accepted patient-care strategy, which
reflects a high degree of clinical certainty. The term
standard generally implies the use of Level 1 evidence,
which directly addresses the clinical issue, or over-
whelming Level 2 evidence.

This is a patient-care strategy, which reflects a moderate
degree of clinical certainty. The term guideline implies
the use of Level 2 evidence or a consensus of Level 3
evidence.

This is a patient-care strategy, which reflects uncertain
clinical use. The term option implies either inconclusive
or conflicting evidence or conflicting expert opinion.

Guideline

Option

The AASM Board of Directors (BOD) approved these recommenda-
tions. All members of the AASM SPC and BOD completed detailed
conflict-of-interest statements and were found to have no conflicts of
interest with regard to this subject.

level was 3—5 in most studies included in the current review, there
was good agreement among studies that actigraphy data correlate
with polysomnography (when used), sleep logs, and markers of
circadian phase in patients with circadian rhythm sleep disorders.
There were two Level 3 studies of ASPS or DSPS patients.?*?!
There were four studies of shift work; three were Level 3,22 and
one was Level 4b.% There was one Level 3 study of blind sub-
jects.?® There was one Level 3*” and one Level 4b* study of jet
lag. Finally, there was one Level 4b study of patients with non-
24-hr sleep/wake rhythm.?

3.1.3 When polysomnography is not available, actigraphy is indi-
cated as a method to estimate total sleep time in patients with ob-
structive sleep apnea syndrome. Combined with a validated way
of monitoring respiratory events, use of actigraphy may improve
accuracy in assessing the severity of obstructive sleep apnea com-
pared with using time in bed. (Standard)

This parameter is a modification of the previous parameter
regarding use of actigraphy in evaluation of sleep disordered
breathing, and is based on three Level 1 studies.*'*** Since the
last parameter paper, several additional studies have evaluated
both general purpose actigraphs and specially optimized actig-
raphy in patients with sleep disordered breathing. Many of the
studies have focused on the accuracy or usefulness of actigraphy
in estimating total sleep time (TST) in patients with sleep apnea
and combining this with tests of respiratory function in order to
calculate the most common measure of apnea severity, the apnea-
hypopnea index (AHI). Actigraphy can provide an assessment of
TST (as it does in some other disorders), and when used along
with a valid test for the presence and type of breathing abnor-
mality, can improve the calculation of AHI compared with us-
ing time in bed. Several other studies used actigraphy as part of
research protocols evaluating sleep pattern of patients with OSA
without actually comparing actigraphy results to a sleep standard.
No studies propose actigraphy alone as a method of determine the
presence of sleep apnea.

One study (Level 1) found a high correlation (r = 0.90, P =
0.0001) between TST measured by PSG (pTST) and TST esti-
mated by actigraphy (aTST) in patients with obstructive sleep
apnea syndrome. Agreement using the Bland and Altman method

Practice Parameters for the Use of Actigraphy—Morgenthaler et al

2202 1snbny |z uo 1senb Aq 81.280.2/61S/¥/0€/e10o1e/des|s/woo dnoolwspede)/:sdyy woll papeojumoq



found the difference between pTST and aTST was only 2.5 min,
but there were notable overestimations and underestimations in
three of the 26 patients. In another study, Elbaz et al® (Level 1)
also found excellent correlation between pTST and aTST (r =
0.74, P <0.0001). In the latter study, the AHI, calculated as the ap-
neas plus hypopneas per hour of actigraphically determined sleep
(aAHI) was compared with PSG results, again showing excellent
correlation (r = 0.976, P <0.0001). The aAHI was more accurate
than an AHI determined by dividing the apneas plus hypopneas by
time in bed, indicating that the addition of actigraphy improved
accuracy when estimating the AHI without EEG measured sleep
time. In both of these studies, the accuracy of actigraphy evalu-
ated using Bland Altman methods declined in patients with more
severe sleep apnea, but in the study of Elbaz et al,”® only 1 of
20 patients were overclassified with respect to OSA severity by
the aAHI (severe instead of moderate severity), and none were
underclassified. Thus, it appears that even though the estimate of
TST becomes less accurate as apneas and hypopneas increase, the
actigraphically derived AHI in most cases accurately classifies
moderate or severe sleep apnea. Actigraphically estimated TST in
milder cases of sleep apnea appear to be quite accurate, especially
if using specially optimized actigraphs and evaluation algorithms.
These Level 1 studies were performed in a sleep laboratory, and
extrapolation to the home environment could introduce issues not
anticipated. However, most other studies reviewed for this paper
involved use of actigraphy outside the sleep laboratory and had
low data failure rates. Because of the complexity of data analysis,
evaluations of sleep disordered breathing severity that use actig-
raphy to estimate TST should be interpreted with caution by ex-
perienced sleep clinicians who are familiar with the performance
characteristics of the particular actigraphic system employed.

Another Level 1 study evaluated 228 patients using a special
actigraphic system optimized to patients with suspected sleep dis-
ordered breathing.® Using epoch by epoch comparison of sleep
versus wake determined actigraphically versus PSG across all
subjects, sensitivity of detecting sleep was 88.8%, specificity
was 69.5%, and agreement was 84%. Sensitivity and agreement
tended to go down with increasing SDB levels (from 91% to 85%,
and 86% to 79%, respectively). Specificity was less affected by
increasing SDB levels (ranged between 68% and 71%). Consider-
ing all subjects, aTST versus pTST was 690 + 152 and 690 + 154
minutes, respectively (P >0.05). However, a Level 2 study'® utiliz-
ing the same optimized device found no significant correlation be-
tween pTST and aTST. Bland-Altman comparison showed much
scatter, with mean of the differences in TST = 12.17 + 64.5 min.
Another (Level 4b) study* using the same device found a good
correlation between the arousal index estimated from a device us-
ing peripheral arterial tonometry changes to detect arousal and ac-
tigraphy to estimate sleep time, and the arousal index determined
by conventional PSG methods (r = 0.87, P <0.0001). In this study
there was no report of actual TST or number of PAT arousals; only
the ratio was reported. Therefore, the contribution of actigraphy
to the reported correlation could not be evaluated.

Finally, two studies used actigraphy to estimate TST in patients
with sleep disordered breathing without formal comparison to an-
other measure of TST. Larkin et al (Level 4b)*' found that mean
TST correlated with changes in C-reactive protein in adolescents
with sleep apnea. Noseda et al (Level 5a)*? used leg actigraphy to
measure treatment-induced changes in leg activity in patients with
sleep disordered breathing, and did detect treatment effects, but
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the study was otherwise methodologically limited for estimating
the utility of actigraphy.

3.1.4. Actigraphy is indicated as a method to characterize circadian
rhythm patterns or sleep disturbances in individuals with insomnia,
including insomnia associated with depression. (Option)

This is similar to the prior recommendation. There were two
Level 5b studies®* characterizing sleep patterns in individuals
with complaints of insomnia. There were two Level 3% studies
and one Level 4b*" study indicating that actigraphy is a way to
characterize sleep or circadian rthythms in patients with a depres-
sive disorder.

3.1.5 Actigraphy is indicated as a way to determine circadian pat-
tern and estimate average daily sleep time in individuals complain-
ing of hypersomnia (Option).

There were no studies identified that compared actigraphy ver-
sus the clinical history plus sleep logs (or another reference stan-
dard) to estimate mean sleep time or sleep pattern when evaluating
patients with hypersomnia as a complaint. One Level 3 study eval-
uated patients diagnosed with a variety of hypersomnia disorders,
including narcolepsy, idiopathic hypersomnia, hypersomnia asso-
ciated with psychiatric disorders, HIV-encephalopathy, brainstem
stroke, periodic hypersomnia, postviral illness, and head trauma.*®
Actigraphy was used to determine the average daily sleep time over
one week prior to evaluation with PSG and MSLT, and biochemical
assessment. Actigraphy estimated mean sleep time varied between
diagnostic groups, with patients with hypersomnia associated with
psychiatric disorders sleeping longer on average (P <0.037 by Wil-
coxon rank sums method, our own analysis of their data). Acti-
graphically determined TST averaged >9 hours per day in 11 of 27
patients, including all but one patient with hypersomnia associated
with psychiatric disorders, and none of the patients diagnosed with
narcolepsy or idiopathic hypersomnia. The shortest mean aTST
was 7.44 hours per day in the idiopathic hypersomnia group. The
authors indicated that history plus the results of actigraphy, PSG,
and MSLT contributed to the diagnosis of disorders of hypersom-
nolence, but the exact role of actigraphy in interpreting MSLT or
assigning diagnoses was not described.

The complaint of sleepiness must be evaluated in the context of
recent sleep duration and pattern before a judgment can be made
as to the pathologic nature of the complaint. The guidelines de-
veloped for the MSLT* indicate that sleep logs may be obtained
for 1 week prior to the PSG/MSLT to assess sleep-wake sched-
ules and assist in interpretation of results, while the ICSD-2 indi-
cates that “the sleep-wake schedule must have been standardized
for at least seven days before the polysomnographic testing (and
documented by sleep log or actigraphy)” in order to properly in-
terpret an MSLT. However, some individuals, such as those with
impaired cognition, literacy, or motivation may be unable to keep
accurate sleep logs, and both over- and underreporting of total
sleep time and pattern have been of concern. Therefore, the com-
mittee used the Rand/UCLA Appropriateness Method (described
above) to determine expert consensus regarding this parameter
on the indications for use of actigraphy in hypersomnia. There
was agreement that actigraphy is an appropriate way to ensure
stable sleep patterns and adequate sleep duration prior to PSG
and MSLT.
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3.2 Use of actigraphy in assessing the response to therapy of sleep
disorders

3.2.1 Actigraphy is useful as an outcome measure in evaluating the
response to treatment for circadian rhythm disorders. (Guideline)

This is the same as the recommendation in the previous prac-
tice parameters paper. Additional evidence shows that changes in
actigraphy measures are in agreement with other outcome mea-
sures in the assessment of response to intervention in patients
with circadian rhythm sleep disorders.

There were two additional Level 3 studies using actigraphy as
an outcome measure in the treatment of jet lag***!' and one addi-
tional Level 3 study using actigraphy as an outcome measure in a
study of shift work.*

3.2.2 Actigraphy is useful for evaluating the response to treatment

older adults living in the community is based on two additional
Level 3 studies.’’”? In a placebo-controlled trial’' of melatonin
treatment in healthy older adults presenting either with or without
sleep complaints, sleep diaries were used as the reference stan-
dard. There was little difference in subjective and actigraphically
estimated sleep quality on either measure in either group as a re-
sult of melatonin treatment. In the other study,* both in-labora-
tory and at-home measures were taken to determine the effects of
daytime naps on nocturnal sleep and performance. In the at-home
condition, TST and sleep efficiency were consistent when com-
pared between actigraphy and sleep log results.

3.3.2 Actigraphy is indicated for characterizing and monitoring
sleep and circadian rhythm patterns and to document treatment
outcome (in terms of sleep patterns and circadian rhythms) among
older nursing home residents (in whom traditional sleep monitor-
ing by polysomnography can be difficult to perform and/or inter-

for patients with insomnia, including insomnia associated with de-

pret). (Guideline)

pressive disorders. (Guideline)

This is the same as the recommendation from the previous
practice parameter paper. There were one additional Level 1,%
two Level 2,* two Level 3,4 and two Level 5b studies,**** in-
dicating that actigraphy is useful in detecting treatment response
in people diagnosed with insomnia. In addition there were two
Level 3*74¥ studies indicating that actigraphy is a useful adjunct in
detecting treatment response in people diagnosed with disrupted
sleep or circadian rhythms associated with a depressive disorder.

3.3 Use of actigraphy in special populations and special situations

3.3.1 Actigraphy is useful for characterizing and monitoring sleep
and circadian rhythm patterns and to document treatment outcome
(in terms of sleep patterns and circadian rhythms) among older
adults living in the community, particularly when used in conjunc-
tion with other measures such as sleep diaries and/or caregiver
observations. (Guideline)

This recommendation is a modification of the previous practice
parameter paper. The evidence for use of actigraphy to character-
ize and monitor sleep and circadian rhythm patterns among older
adults living in the community is based on two additional studies
identified in the current review that addressed the use of actig-
raphy in normal older adults. There were one Level 2* and one
Level 3% study using actigraphy to evaluate sleep and circadian
rhythms in normal older people. In the Level 2 study by Ceolim et
al* there were significant correlations (P <0.005) between sleep
log and actigraphic variables (e.g., TST) collected for 23 days
in over 76% of a sample of healthy older people. In the Level 3
study of a sample of 103 community-dwelling older adults,*® ac-
tigraphic measures correlated with subjective reports in subjects
without sleep complaints but not in those complaining about their
sleep. Although able to distinguish between noncomplaining good
sleepers and complaining poor sleepers, actigraphy was not able
to distinguish between other categories of sleepers in this sample.
Results of this study provided evidence of actigraphy’s ability to
determine TST and sleep onset latency (in women only) for those
not able to provide sleep diary information.

The evidence for use of actigraphy to document treatment out-
come (in terms of sleep patterns and circadian rhythms) among
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This is a modification of the recommendation of the previous
practice parameter paper. The evidence for the use of actigraphy
to characterize and monitor sleep and circadian rhythm patterns
among older adults living in nursing homes is based on five ad-
ditional studies in the nursing home setting. Two Level 3 stud-
ies,* two Level 4 studies,™ and one Level 5b study’’ were
identified. Several studies used observer ratings as the reference
standard for comparison with actigraphy. One Level 3 study®
found that although results were similar between nursing staff
and actigraphy for some sleep measures, nursing staff noted less
sleep disruption during the night (WASO) than was recorded
by actigraphy. Another Level 3 study®* was able to discriminate
diagnostic subtypes among dementia patients according to pat-
terns of activity and core body temperature rthythms. Two Level
4 studies examined patterns of rest/activity in relation to presence
or absence or Level of dementia. A Level 4b study*® found that
actigraphic rest/activity patterns differentiated patients with mild
dementia from those advanced to the moderate stage. Similarly,
a Level 4a study®® was able to distinguish demented from non-
demented subjects on the basis of daytime and nocturnal activity
levels. Further they found that functional ability was associated
with diurnal patterns of activity.

The evidence for use of actigraphy to document treatment out-
come (in terms of sleep patterns and circadian rhythms) among
older nursing home residents is based on 13 additional treatment
outcome studies, including two Level 2% and three Level 3
studies.’**! Furthermore, there were six Level 4627 and two Level
5b%. studies evaluating treatment outcomes in dementia or nurs-
ing home populations. One Level 2 study*® tested the effects of
withdrawal of antipsychotic medication on sleep/wake activity
and on behavioral and psychological symptoms in nursing home
residents.® Actigraphic results were compared with psychiatric
inventory responses, and restlessness was significantly associated
with mean 24-hr actigraphic measures of activity (r = 0.60, P =
0.001) and nocturnal sleep problems were significantly associ-
ated with nighttime activity levels. (r = 0.60, P = 0.001). In an-
other Level 2 study'’” of a randomized controlled trial comparing
the effects of two different doses of melatonin and placebo on
sleep in Alzheimer disease patients found no significant differ-
ences on sleep outcome by actigraphy between treatment groups.
However, a subset of seven subjects had simultaneous actigraphy
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and PSG for a period of 18 days and the TST estimated by actig-
raphy correlated highly with PSG (r=0.92, P <0.01). In addition,
a Level 3 study® testing the effects of bright light in a nursing
home sample found significant improvements in sleep time and
wake time within nocturnal sleep according to actigraphy which
paralleled nursing staff ratings.

3.3.3 Actigraphy is indicated for delineating sleep patterns. and to
document treatment responses in normal infants and children (in
whom traditional sleep monitoring by polysomnography can be dif-
ficult to perform and/or interpret). and in special pediatric popula-

tions. (Guideline)

This recommendation is a modification of the recommendation
from the previous practice parameter paper.' This recommenda-
tion is based on 23 additional studies identified in the current re-
view that addressed the use of actigraphy in children. There were
a total of five Level 2 studies (no studies were identified as Level
1, due to the absence of information regarding blinding, as de-
scribed above), seven Level 3 studies, nine Level 4 studies, and
two Level 5 studies of actigraphy in pediatric populations. These
studies included a range of age groups (infant through adoles-
cent), as well as a number of different medical, psychiatric, and
sleep disordered diagnostic groups, and used a variety of refer-
ence standards.

In terms of age groups, the largest numbers of studies (10)
were focused on infants (typically between 6 and 12 months). One
Level 2 study”™ compared a parent-report infant sleep question-
naire (Brief Infant Sleep Questionnaire — BISQ) with actigraphy
and daily sleep logs to assess correspondence between measures,
as well as to determine differences between a control and clini-
cal sample of infants referred to a sleep clinic. Significant but
moderate correlations were found between BISQ and actigraphic
measures of sleep onset latency (SOL) (r = 0.54, P <0.001) and
night wakings (r = 0.42, P <0.0001), with nocturnal sleep dura-
tion showing lower agreement (r = 0.23, P <0.05). In contrast, the
most robust correlations found between actigraphy measures and
the reference standard (daily sleep logs) were found for SOL (r =
0.96, P <0.0001) and nocturnal TST (r = 0.87, P <0.0001), rather
than night wakings (r = 0.49, P <0.0001). There were also some
significant systematic differences between actigraphic and sleep
log measures, with actigraphy providing lower estimates of sleep
duration and higher estimates of night wakings compared to sleep
diaries. Only one actigraphic measure, number of night wakings,
had a unique contribution in discriminating between the control
and clinical samples (F=6.29, P <0.05).

A different reference standard, direct observation of infant be-
havioral states, was used in a Level 2 study using actigraphy in as-
sessing sleep-wake rhythm and sleep structure in healthy 1, 3, and
6 month old infants.”" The overall agreement between measures
in scoring sleep and wake was satisfactory (between 87% and
95%) after 3 months of age, but agreement was less than 73% at 1
month. Reliable actigraphic distinction, however, between active
and quiet sleep could not be made in any of the three age groups.

Healthy term 6-8 week old infants were also the subjects in
a Level 3 study” which assessed the effects of infant massage
on the development of circadian rthythms by comparing actigra-
phy and salivary melatonin levels; peaks of period activity were
delayed in the intervention group compared to controls. Another
Level 3 study” which longitudinally assessed the relationship be-
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tween light exposure, sleep patterns, and crying in healthy 6-12
week old infants found overall consistency between actigraphic
measures of nocturnal activity and parental reports of sleep. A
third Level 3 study documented some differences in activity-rest
cycles but not in other sleep parameters during the first week of
life in infants grouped according to delivery mode (planned C-
section, emergency Caesarian section, and normal spontaneous
vaginal delivery).” One Level 4b study” found some significant
differences (i.e., increased variability ultradian cycles, diurnal
sleep duration) in actigraphically derived activity-rest behaviors
between healthy pre-term and full-term infants, while another”
Level 4b study used actigraphy to characterize inter-individual
variability in activity-rest behavior and differences in sleep du-
ration between pre- and full-term infants. Actigraphy was also
used in a Level 4b study”” to document a significant increase in
nocturnal activity counts associated with rapid ascent to moderate
altitudes in a groups of infants and young children (4-33 months),
and in another Level 4b study’ which examined the development
of circadian rhythms in newborns by comparing sleep-wake pat-
terns longitudinally in newborns and their mothers at 3, 6, 9, and
12 weeks. A Level 5 study'® used actigraphy to determine sleep-
ing position and measure sleep-wake patterns in healthy 34-42
week old infants. Finally, a Level 3 study”™ assessing differences
in sleep patterns in parents of newborns, found that mothers had
less actigraphically documented sleep at night and more during
the day compared to fathers, that breastfeeding was associated
with more WASO, and that working mothers had an average 6-7
minutes less sleep in 24 hours than nonworking mothers.

Older children and adolescents were subjects in several other
studies. A Level 4b study® which assessed the ability of measures
of emotional intensity (maternal rating, vagal functioning) to pre-
dict actigraphically determined sleep problems in healthy school-
aged children, found that increased emotional intensity was cor-
related with reduced nocturnal sleep and increased night activity.
A Level 2 study®' examined the validity of a self-report adolescent
sleep survey by comparing retrospective self-report estimates of
sleep patterns (TST, bedtime, and waketime on weekends and
weekdays) with sleep parameters measured by both actigraphy
and sleep logs over a subsequent week. Survey-estimated school-
night total sleep times and wake times did not differ from diary
and actigraphy measures, although survey bedtimes were slightly
earlier. On weekends, survey-reported sleep duration was about
30 minutes longer than estimated by sleep diaries (¢ = 4.26, P
<0.001) and actigraphy (¢ = 5.25, P <0.001), and wake times were
about 55 minutes longer. Overall, school- and weekend-night sur-
vey variables were significantly correlated with both diary and ac-
tigraphy variables, but the strength of the associations were con-
sistently greater for school-night variables than for corresponding
weekend-night variables. However, it should be noted that there
was no attempt to directly compare actigraphy and the reference
standard sleep log variables in this study; in fact, it was noted in
the Methods section that the procedure (“Sadeh algorithm”) used
to analyze actigraphy “relies heavily upon the concurrent behav-
ioral self-report obtained by the sleep diaries,” and thus the two
measures would be expected to be highly correlated.

Actigraphic measures of sleep were also used in studies of sev-
eral pediatric patient populations with chronic medical conditions.
One was a Level 2 study that primarily assessed the relationship
between sleep disturbance and pulmonary function in a group of
children with cystic fibrosis (CF) but also compared actigraphy
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to parent- and self-report data in this population.®” There was a
significant correlation between sleep duration (the only parameter
reported) as measured by actigraphy with sleep period reported by
parents (r=0.79, P<0.0001) and by children (r=0.71, P <0.0001)
in the control group, but not in the CF group (r = 0.29, P = 0.06;
r=0.18, P=0.2, respectively). A Level 3 study® used actigraphy
to confirm sleep instability, frequent microarousals, and increased
daytime napping in a group of children with Smith-Magenis syn-
drome (a genetic syndrome frequently characterized by self-in-
jury and sleep disturbances). Actigraphy was also used to measure
sleep disturbance in a Level 4b study® of blind adolescents with
and without optic nerve disease, which documented that greater
wake time instability was associated with optic nerve disease.

In studies of children with psychiatric disorders, one Level 3
study® used actigraphy to study sleep patterns in children with
ADHD with and without sleep problems compared to controls,
and found significantly delayed sleep onset and offset in children
with ADHD and insomnia, suggesting a circadian rhythm abnor-
mality. A Level 4b* intervention study used actigraphy to docu-
ment treatment response (decrease in mean nocturnal activity) to
melatonin and rebound sleep disturbance following discontinua-
tion in children with Asperger syndrome. Another Level 4b* study,
which used actigraphy to evaluate locomotor activity and circadian
rest-activity cycles in children with major depression compared to
controls, found significant differences related to gender and age but
not group assignment. Finally, a retrospective chart review (Level
5 study)®” of children with ADHD referred to a sleep center showed
a high incidence (94%) of sleep onset delay and high night-to-night
variability in sleep patterns in the small percentage (16%) of sub-
jects for whom actigraphy data was available.

There were also several studies which used actigraphy to as-
sess sleep in children with sleep disorders. Agreement between
periodic limb movement during sleep scored by actigraphy and
those detected with anterior tibialis EMG was assessed in a Level
2 study of ninety-nine 4- to 12-year-old children.®® It was con-
cluded that this actigraphic measurement of PLMs in children was
not sufficiently accurate to permit use in clinical settings. Spe-
cifically, actigraphy tended to overestimate PLMs compared to
EMG, and, although the application of a correction factor based
on average number of EMG-derived movement during arousals
improved agreement between measures somewhat, different cor-
rection factors were required for each of the different diagnostic
groups (SDB, primary snoring/normal, and periodic limb move-
ment disorder), limiting its utility as a diagnostic measure. One
Level 4b study®' of adolescents with SDB found sleep duration
was significantly negatively correlated with C-reactive protein,
body mass index, and AHI.

Finally, one Level 2 study® compared actigraph placement
(waist vs nondominant wrist) in estimating sleep duration in
school-aged children. Although diurnal activity was lower with
waist placement, the overall minute-by-minute agreement of
sleep-wake states between placement sites was 92.5% (range
82.39%-97.7%), and nocturnal agreement was 95.6%. None of the
mean sleep estimates (sleep duration, sleep latency, sleep percent-
age, sleep efficiency) were significantly affected by placement
site, although there were some inter-individual differences in
agreement (sleep duration and latency). Another Level 3 study®
assessing compliance with imposed sleep schedules in the home
setting in school-aged children demonstrated significant differ-
ences in actigraphically measured sleep according to condition.
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4. RECOMMENDATIONS FOR FUTURE RESEARCH
41

Additional research is needed which compares results from
different actigraphy devices and the variety of algorithms used
to evaluate actigraphy data in order to further establish standards
of actigraphy technology. Well designed studies using actigraphy
should describe the device and the analysis algorithms used.

4.2

There is need for additional study addressing the reliability and
validity of actigraphy compared to reference standards, such as
polysomnography, and the circadian rhythms of basic physiologic
functions, such as temperature, cortisol, and melatonin levels.

4.3

Further research is needed to establish standards for setting
start and stop times of the sleep and wake periods when using
actigraphy, including techniques such as event markers or sleep
diaries, and other methods in the study of populations where these
techniques may not be valid (e.g., dementia patients, nursing
home setting). For example, difficulty in establishing a standard
for setting start time is likely one factor contributing to the diffi-
culty in correlating certain sleep variables (especially sleep onset
latency) measured by actigraphy with findings from PSG.

4.4

Well-designed studies should include technical details related
to the administration and scoring of actigraphy. In much of the ex-
isting literature, there is an inadequate description of whether vi-
sual inspection of data is performed, how missing data is handled,
and other important decisions made in the analysis of actigraphy
data. More research is needed to assess the reliability of actigra-
phy under various clinical circumstances, and to determine what
parameters may be used to assess the quality of actigraphic data.

4.5

Further work is needed to clarify the relative and unique con-
tributions of actigraphy, polysomnography and sleep logs in the
diagnosis of sleep disorders and measurement of treatment ef-
fects. For example, besides estimates of wake and sleep times,
there are various other data generated by commercially available
analysis software, such as fragmentation index and movement in-
dex, for which clinical correlates are not well described.

4.6

The use of actigraphy in hypersomnia populations, especially
as an adjunct to the Multiple Sleep Latency Test, should be tested
to establish an evidence-based recommendation for the use of
actigraphy in the clinical evaluation and management of hyper-
somnia.
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1011712007 Evidence Table
Aumm/v.m/cummnl Actigraph any Description [# of patients [ contr |% of  [Mean Age= [Study Outcomes Condition [Device [Recording Time _[Analysis Method [Algorithms
mates _|SD. (range) osis) gy 1 hours)
{Alessi, 2005 #693} RCT of nonpharm intervention to improve abnormal Enrolled:62 56 23% 8749 There was a 46% decrease in observed daytime sleep from baseline to post-tx in the - Elderly nursing Screen: Start: NS Actigraphy variables avg'ed  Action3, AMI
sleepiwake pattemns in nursing home residenis Compleled:58 intervention group, with essentially no change in the controls. The duration of me residenis w/  Minimotionlogg End: NS over the 72hr period
nighttime awakenings were slightly decreased; with no sig effects on % night sleep  abnormal , AMI Duration: 72hrs
or # awakenings measured by acigraphy. Sleeplwake pattemns Infervention:
Actilume, AMI
{Amin, 2005 #675) 2 Comparedthe sieep of healthy controls [o that of stable  Enrolled: 93 40 4640% P 119228 1.Chidren with CF had more frequent and longer awakenings than healthy chidren ~Cystic fbrosis  Am-Motion-  Start: NS NS NS
children with CF to determine if pts with CF have lower Completed: 84 (NS) 2. Children with more severe pulmonary disease had more disturbed sleep logger End: NS
sleep effciency and if there s a relationship with C120428 Duration: 5 weekdays
pulmonary function and sleep disturbance (NS)
{Ancoli-Israel, 2003 5b Patients were randomly assigned by block stratification Enroll: 92 NA 32% 823476 Increased Bright Light exposure consolidates nighttime sleep by lengthening max Aizheimer's Actillume Start: NS AACTION 3 software (AMI) Day (Wake-up to
#1359) (morning, evening, or al-day agitation) to 1 of 3 treatment  Compl: 83 (61-99 yrs)  sleep bouls across the night Disease recorder (AMI) End: NS edime)
groups: AM (0930-1130 hrs) Bright, AM Dim Red or Durat: 18 days. Night (Bedtime to
Evening (1730-1930 hrs) Bright Light. (Data available CRSD's (Baseline-3 days, Wake-up time)
light treatment -10
days, and posttx flu- Max and Mean
days) minute-by-minute
aclivty
{Ando, 2002 #999) 3 Toexamine the prevalence of crcadian thythm sleep  Enroll. 417 NA 45% 51417y Prevalence of ASPS was 7.4% and DSPS was 3.1% by DSWH criteria DSPS or ASPS by Actilume (AMI) Start: NS Sleep Onsets/ Custom - (Jean-
disorders (by DSM-IV) in a representative population aged Compl: 350 (40 -64 yrs] both am and No signficant found  DSM-IV criteria End: NS Offsets Louis et al, 2001,
compare objectively recorded sleep times comparing sleep complains with objectively recording sieep timing Physiol and Beha,
of symptomatic subjects with the surveyed population. Durat: ~3 days 72:21-28)
{Armitage, 2004 3 To evaluate the circadian rest-activity cycles and Enroll: 59 a1 53%-MDD (8-17 yrs old for Adolescents w/ MDD had lower activity levels, damped circadian amplitude, lower Children and Actiwatch-L Start: Noon Mini software Average activity
4 locomolor actvty in chidren (8-12 yrs) and adolescents  Compl: 59 Ps all 100 otal light exposure, and spent les time in BL compared to their age matched Adolescents w/  (Mini) End: 9am last AM countimin in the
(13-17 yrs), w/ major depressive disorder (MDD) Psi/Contrs) controls. Children w/ MDD had lower light exposure and also spent less time in BL, MDD (DSM-IV) light vs dark pers;
stratified by sex and agefTanner siage. A comparison 51%- butonly the depressed pre-leen gils had  damped cicadian ampliude. Sex difs Durat: 5-days (only 3- ime series/Fourier-
group of age and sex matched healthy controls was Normal ~ 9.5t0 10.3 yrs=  were greater in the MDD group compared to the Contr group. days of complete ctral
included. Contrs  mean age range daa for 5 Ss) analysis
of pre-teens
a0 group
and s
14.5-15.5yrs=
mean age range
of teens across
group and sex
{Asayama, 2003 4b Double-blind, randomized allocation, controlled evaluation Enrolled: 11 9 15% 79.216.4 Significantly prolonged sleep time and decreased activity level at night in the Aizheimer type MiniML (AMI) 3 “serial" days out of 7 were  Cole's
#655) of the effecis of melalonin (3 mg o placebo at 20:30 for 4 Completed: 10 melalonin group, dementia used for analysis
weeks) on the sleep/wake rhythm and cognitive and non-
cognitive function In Alzheimer type dementia
{Baskelt, 2003 #783) 3 Randomized, double biind, crossover study assessing  Enrolled:20 20 32%  717:49  Melatonin taken at bedime did not improve sleep in elderly with sleep maintenance  Age 2 65 with age-  Actiwatch  Start: NS NS Steepwalch
sleep in problem and normal sleepers wit Completed: 19 15 problems or normal sleepers: lated sleep Cambridge End: NS
melalonin, or matching placebao, taken at BT for 4 wk, maintencan Neurotech  Duration: 5 days
‘'separated by 4wk washout period problem or normal
sleep
{Bassel, 20034760} 3 Tolest whether CSF hypocretin-1 levels were lowin  Enroll27 o S5.50% 38(1653) 1. Hypocretin-1 levels were detectble in 24127 patients,including 2 patients with  Hypersomnia, m, Molion- ~ StartNS NS NS
patients with narcolepsy wiout cataplexy and to test if a Compl:27 narcolef various types logger with End:NS
multi-modal approach would increase diagnostic 2. REM related symploms were common and ot specific {0 patients with light sensor  Durat: 1 week
‘specificity in patients with hypersomnia (of primarily narcolepsy
neurological origin)
(Beaumont, 2004 3 Double-biind, randomized , placebo-controlled, parallel  Healthy NA 67%  353+-81 S I but exerted on Jet lag/Sieep Piezoclectric  StartNS. NS Custom designed:
#1358) groups study of siow-release Cafeine, Melatonin, o Volunteers (1947 yrs)  sleep. By contrast, Melatonin but did Deprivation EndNS movements with a
placebo for jet lag (7 time-zone eastbound flight) and sleepiness. (Gaehwiler ree >0.1G
Sleep deprivation (33-hrs) over a 10-day/S-night fu Enroll: 27 Electronic,  Durat: 17-days averaged across
period. Compl: 27 ‘sensitivity: (6-Baseline, 24-hr Morning, Afternoon,
0.1G, sampiing fight day, 10- and Evening/Night,
rate: 8 Hz, overy) time segments.
band-pass
filter:0.25-3 Hz)
(Benson, 20044723} da o delermine f there were any differences in the Enroll20 NS 35%  35.35211.8 (24 At medium sensitivty, there are no significant diflerences between TST, WASO, and MM Actiwatch- Start: Used the software that came NS
rmance of two brands of actigraphs when they were  Compl:20 64) SE recorded by the two brands of actigraphs. L and Am Mini- Er with each device
used in a naturalistic seting (home environment) Motioniogger  Durat: 2 overnight
Basic ‘within a 3-weel
period
{Borges, 2003 #777} 3 To assess the impact of a 12-hr fixed night shift followed ~ Enroll: 20 NA 15% 34.9+/-75yrs Self-rated sleep quality was best for nocturnal sleep during the rest day off (p<.0001) Night Shift Workers ~ Actigraph Start: NS Actionwin Software (AMI) Cole-Kripke
by 36-hrs off-Ume, on the sieep-wake cycle, sleep Compl: 20 Tollowed by sleep during the 1st ight after night work. Despile napping during the  (Nurses) ) End: NS algorithm (Cole et
duration, self-perceived sleep quality, and work-time night shift, self-perceived alertness decr w/ the passage of time across night al, 1990, Sleep
alertness, in nurses. (p=0001),with the sleeplest period occurring betw the 7th and 10th hrs of the shift Durat: 15-days Res, 10:364-67)
{Boulos, 2002 #796} 3 Afield study to evaluate the efficacy of a bright ight Enol:20-  NA 40%  2134ysold  The salivary DLMO (dim-ight melatonin onset) resulted in a larger (about an hour)  Jetlag - Normals  ActiwatehL  Start:NS Actiware-Sleep Software  Sleep v
treatment (head-mounted visor) for jet lag following a Normal Ss phase delay in the bright light compared to the dim light condition. There was no (Mini-m) End: NS Wakefulness —
westward fight across 6 time zones. Comp: 20 corresponding improvementin sieep, performance, or sublective ratings of et lag Durat: 17-days med sensilivity
symptoms. theshold At count
of 40; <40
=/>4(
(Camey, 2004 #641} 3 Todetermine If students who were told the actigraph  Enroll68 a7 25%  Treatment group 1. Although sleep diaries showed that both groups of students folowed study NA ActiTrack  Start: software Visual
would be used to monitor adherence would be more likely Compl:49 204 +147 protocols, students told of monitoring (wearing actigraphs) were more likely to follow 3.15C (M End: determination of
o adhere to sleep hygiene protocols than students who Conirol group  study protacols that students not being monitored. Systems Inc)  Durat: 48 hours bediime and arise
‘were not told that adherence would be monitored by 19.9$217 2. Students who did not wear actigraphs went to bed an hour later than reported in times
acigraphy. heir diaries and an hour later than required by siudy protocols
(CarvalnoBos, 2003 4b  Three field studies were designed to determine whether  Enolk Only Study 2: Study 1:  Study 1:NS O fihe disruption to ycle and the circadian Shift WorkersiJet  Actimeter  Start: NS Custom Custom
#1357} 24-hr activity records can be used to estimate the sleep  Study 1: 8 pilots; 15 Normals NS ‘system in the field can be obtained by an appropriate analysis of the 24-hour Lag (Cambridge End: NS
and circadian system disruption caused by shiftwork or  Study 2: 12 Study 2: (22:58  actigraphy record in shift work and time-zone ransions. Neurotechnolo Durat: Study 1: 23
time-zone transitions and the process of adjustment. travelers; Study Study 2:  yrs) gy. UK) mos; Study 2: 4days;
Studies 1 and 2 served s validty piots for Study 3 3: 117 pllos 7% Study 3:4.5 days
Study 3: NS
Compt: Study 3:
Study 1:7; Study NS
2:12; Stud
37
{Ceolim, 2000#1145) 2 The study aimed o examine the sieeplwake cycle across  Enroll61 ns 3% 70236  Anassociation was found between longer duration of physical exercise and greater  None Actilume (AMI) Start For ‘most’ variables, authors ~ Action3 v3.21
3 consecutive weeks in healthy elderly. Compl:23 (65-76) strength of semicircadian component of the sleep/wake cycle in this sample of End: found significant correlations
healhy, active elderly. Also, individuals that chose earlier times for exercising Durat:reportedly 23 between acligraphy and slesp
lote: 61 'showed greater exposure to bright light during the day, and reported better sleep consecutive days log data (p<.05); and only
Volunteered for quaity. those variables for which
‘study, anc correlations between
were selecled acigraphy and sleep logs had
on entry. sig level of p<.005 were used
crieria (see owever, the variables were
s) not specified or listed).

Standard
|compared with
None

Sleep Logs

Baseline/Post-

reatment Follow-uj

Dim Red Light

Sleep Logs
Subjective
Measures

Sleep Logs
Subjecive

[Actigraphy Outcomes

Ability to detect treatment effect in a nursing home population.
1) There was a modest decrease In the duration of nightime
‘awakenings compared to controls (p = 0.042). 2) Actillume.

ed increase in daytime light levels in int group, but not in
cntr group

Acti showed that sleep efficiency was reduced with more

P
between acti measured sleep duration and both self (r = 0.71)

and parental (r = 0.79) reports in the control, but not for the CF

roup ect > questonnare)
cused as solooucome measure, No ffct o “rsclonal

and persited across i

Average recorded bedtimes were 10 min later and wake times
75.and
= 0.74, respectively, for subjective vs. objective measures, p <
0.01)

e 22 min later than reported by questionnaire (i

Acti monitoring revealed age, gender, and MDD related

Interviews,
Questionnaires,
various scales
Med and
Neuro/Physical
ExamiLab Tests

NA

Sleep Logs

PSG
Subjective
Measures

PSG - both in-lab &

portable
Sleep Logs
Subjective

Measures

Placebo

diferences naciviylevel g e dayand niht
litude of the thm also

ooy

Ability to detect treatment effect of melatonin on sleep time and
D

night time acitivity in paients with PR/

Overall, there was

[Actigraphy Conclusions

Useful for detection of treatment outcomes in
residents of nursing homes

High correlation between act and retrospective reports
(both parental and from the child) in normals, but not
patients with cystic fiorosis.

Reasonable correlation between actigraphy and
retrospective reports for bedtimes and waketimes; the
‘exact time was off by 10 to to 22 min, respectively.
‘There was no correlation between sleep complaints
and sleep timing,

Acti can be used to measure differences in dayinight
activity levels in children and adolescents.

Useful for detection of reatment outcomes in special
populations

Consistent for sleep qually between actigraphy

actiraphic measuros ofslecp qually (atoney, dutaon.
efficiency and number of awakenings) in this well designed
study. Aside from the number of awakenings (decreased by
‘wimelatonin in normals by actigraphy but not logs), neither
measure showed improvements in sleep following tx.

Evaluated as one component of multi-modal dx of hypersomnia
(with specificiies ranging from 30 to 78%) Actigraphy records

shawed increased seep me (-0 idey) n 11f 27 patent.
tients with hypersomnia

and sleep logs (both no change) in healthy old
adults (both with and without sieep maintenance
problems)

Actigraphy identified 40% of patients diagnosed with
narcolepsy by sleep > 9 h. May be useful as one
‘component of a multi model dx of hypersomnia.

psych disorder
in the 24-hr activity Increased activity levels during the daytime were

between dru d

Daytime activity was higher on slow-release caffeine, sleepiness. Actigraphy not sensitve to changes in
in objective and P slow

Indications of mpared sleep w SRC, but there was no sicep.
fragmentation wiactigraphy.

24-hr Actigraphy.
Sleep Logs
Subjective
Measures-

1.When
similar to motionlos
2.At \ow sensmvuy (actiwatch), recorded less WASO than
motior

3 A hlgh sensmvlly (actiwatch), were significant differences in

at medium sensitiviy, resuits

‘These two commercially available monitors are
similar, particularly with a medium sensitvity setting
for the actiwatch. Detection of wake depends on the
sensitivity setting of the activity monitor.

TST, WASO, and
Wrist actigraphy showed that all P Ahr during
2, of the 7-8, work nights across the 15-day study period (even

‘against hosp regs). Duration of daytime sleep was shorter than

nocturnal sleep after the end of the night shift (p<.0001).

various scales
Sleep Logs
(preceding fight
onl

feasu
Dim rod et (10

1ux) - Control

Sleep Logs

Algorithms/Devices

Sleep Logs

sleep quality selfreports

Group diffin DLMO but not acti witx. There was a group by
night interaction for both PSG-SE% and activiy level. Sleep
questionnaire items did not show any diffs.

Students wearing an actigraphy were more liely to adhere to
study protocols and report sleep times accurately in their
diaries than those who were not wearing actigraphs.

Actigraphy resuits moved in the predicted direction for
isruption of sieep caused by shiftwork or changes in the

sleep/wake thythm following Iravel across multiple time zones.

Only sleep log variables that had a significant correlation with
actiat least 74% of subjects were reported (Table 5). These
included bedtime, lights out, sleep onset, waking time, total
bed time, TST, and sleep efficiency.Sleep log variables that

were not associated with acti were SOL, sleep interruptions, 24
h TST, and the timing, duration, and number of naps during the
lay.

timing and duration
across th day and night n night-shif workers. Shorter
sleep times were consistent with self-reports of poor
sleep quality.

Changes in mean actvity level were consistent
‘wichanges in PSG-SEY% following transmeridian travel
in normal sleepers, but acti sleep parameters were
not. Group diffin phase shifts of DLMO were not
‘accompanied by changes In acti measures.

Acti is useful to monitor compliance to scheduled
bedtime and waketime. Compliance to schedules and
diaries is greater if subjects are told that they are
being monitored by the actigraph.

Actigraphy data can be used in field studies as a
partial substitute for “gold standard” markers of sleer
i the body clock, 6.6, SO, core température, and
melatonin. The authors note that comparisons of
custom activity algorithms with established markers
of sleep and the body clock are necessary.

Acti was used (o validate the sleep log data. With the
‘exception of SOL, nighttime sleep parameters showed
significant correlations in at least 76% of subjects.
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Device
MotionLogger

(AMI)

Actiwateh-L
(Mini)

Mini-motion
logger (Am)

Mini-
motionlogger
(AM)

Actiwatch

Actiwatch-
score
(Cambridge,
Neurotechnolo
o

Am; Mini-
Motionlogger
Basic 32C

Gaehwiler
Electronic

Actiwatch
(MM)

MM, Actiwatch

Actiwatch

Actiwatch-64
(Mini

Am, Mini
motionlogger

Somniter
(Neurim
Pharmaceutics

Cambridge
Neurotechnolo

[Authorvear/Citation | Actigraph any Description [ of patients |~comr [Foof  [Mean Age & quy Outcomes Condition

i Evid Level males |, (range) (diaanosis)

(Coffied, 2004 #712) 3 Aclgraphy wes Usod o valdaleck secp mprovement Envll 33 21-neflher  G1YMDD 301 117ys- T Tothe 2nd week of _ Inpatients w! Major
at discharge compared to admission for a group of age, nor sex s p logs. SO Lat, # of ins awake after  Depressive Disorder Actigraph
consecutively admitted patients w/ MDD. Comparisonto ~ Compl: 18 atched 50, and Sloop Eff%, improved sgn fom pro- 0 postx acigraphy weeks n e (MDD) by DSV
a control group was included. 29%-Conlr 40 +/- 11.3yrs- MDD Ps. SO Lat and f of nghttime awakenings wee no longer sign diff betw

Ss(sign  Conir Ss (sign  groups during the post-tx actigraphy week. By contrast, sign difs continued to exist
am - dim betw MDD Ps and Contr S for mins awake after SO and Sieep Eff% during post-tx
actigraphy.

(Crabiree, 2003#757)  5a A festrospective chart review of children with ADHD over Enroll: 97 NA S4%-for 79-428ys - The igh prevlenc of sbjectiv slsap ampis ot prents of ADHD CRSD's in Pediatric
a 2-yr period referred to a sleep center was camed outto  Compl: only 16 (5-15 years) of  children (presenting to a pediatric sleep center) is only verified by objective sleep HD
determine whether they might represent a underwent Acl\urauhy those assessments (PSG or 24-hr Actigraphy) in a small proporiion of cases. Objective
s tom e ADHD e prosening 10 petic,  Acigophy undergoing  sleep assessments are most notable for the high, noctural intersubject and
neurology or psychiatric cinics. Actigraphy  intrasubject variabilty in sleep structure and pattern.

% -
the entire 8.3 +/-3.0 yrs (3-
group  1Byrs)for the
enire group

(Gurrie, 2004 #637) 2 The study evaluated whether or not there was agreement  Enroll56 o 66% 422103 1. Average intemal consistency between sleep log and acligraphy across 7 nights  Post withdrawal
between subjective, objective and collateral (e. Compl:56 years was 0.91 and 0.85 respectively recovering
spouselsalroommate) ratings of insomnia severlly in post- 2. Scores between patient and collateral raters showed lte concordance alcoholics
withdrawal recovering alcoholics

(Gurrie, 2004 1645 50 RCT testing 2 diferent reatments (cognitive behavioral or Enroll20 20 20 70%  433%109 (18 Improved measures with at Abstinent
self-help with telephone support) compared to placebo  Compl:15 17 17 70) assessment alchoholics with
(watiist contro) in abstinen alcoolics wih disturbed  Entir: 10 9 sleep problems
sleep CBT  SH

{Daurat, 2004 #836) 3 Afleld study to describe the individual diffs in the adopted NA 2% 20254 Half (4 0f 8) of the nurses chose to take naps in 75% of their night shifts. Sieep Night Shift Workers
sleep strategy of a group of ntensive care nurses 34(SE)yrs-  length was sign reduced during night work when compared wi days of, the result  (Nurses)
altemating months on 12-hr Day shifs vs 12-hr Night Night-Nappers  being nap behavior during both day work and night work. Non-night Nappers had
Shifts. The focus was on sleep behaviors around the long daytime sleep periods and took *preventive” naps in anticipation of sieopiness
Night Shifts w/ nurses who napped during the shift vs 35.25 +1- during night work, but their readjustment to day Schedules was assoc w complaints
those who did not. Day Shift, days off served as a 33(SE) yrs-Non- of poor sieep quality and their diural activity levels were reduced below that of their
Baseline cond. night Nappers  night work shifs.

{De Loersnyder, 2001 3 To datermine the circadian rhythm of melatonin inthe  Enroll: 20 20-forante 5% of - AISMS P - Al cidronfadlescans with SMS hada rightday invrson ofthkr cicadin syt CRSD's inPedatic

143) (SMS) known p stugy sms vrs mpared to controls. Behavioral tantrums correlated with the. sms
disturbances and behavioral problerms. Compl: 8 group neonin s ané may hoverfloiod sl 358 109
completed  For the 24-hr 8hosp SMS Ps:
Actigraphy SG, 62%0f  417yrs
hormone  hosp SMS
assays- 15 pationts  Controls — *Age-
kids/adoles matched”
ospfor  Controls
idopathic NS
small
stature, but
otherise
healthy

{de Souza, 2003 1 Toevaluate the concordance between PSG and two  Enroll21 NA 3% NS See actigraphy outcomes NA

#782) algorithm for scoring actigraphy recordings (1. Cole's,  Compl:21
and 2. Sades,

{Denise, 2003 #780} 4 Double-biind cross-over study evaluating the effects of a  Enroll:33 NA SO00%  ZS@EN) 1 A b trigssnfcanty recuced sty el and vt on NA
single dose of zolpidem, zopicione, fluitrazepam, and  Compl:33 treatment night compared to
placebo on nighttime motor actvity 2 Viean uraton of unimerrpted ity vas aso ncreased by hypnotc

compared to placebo.
3. Increased activity on firstor second post-drug night with zolpidem and soplicone,
respectively.

{Dowling, 2005 #685) b The goal of this study was [0 test the effectiveness of  Enrol 7 22% 8410 (60-98) Morming bright light exposure protocol did not induce an overall mprovementin  NINCDS-ADRDA
morming bright ight therapy in reducing rest-acfivity Compl:29 For entire measures of sieep or of rest-activity hythm Alzheimer Disease
(circadian) disruption in nstitutionalized patients with sample (n=46); criteria

ge not
reported by
Authors state it was a randomized, placebo-controlled trial group.
of usual light compared to bright ight therapy.

(Edinger, 2004 #711) 2 To delermine If any of several devices (actigraphy, REM  Enroll38 90%  5B6%135 Al devices tested diflered from PSG on at least some variable Al patients had
view sloep assessment device, and sieep logs provide  Compl:33 complaints of
accurate assessments of common sleep parameters insomnia; however,
when compared to PSG recordings atleast 14 of the

participants also
had other sleep

disorders ee.

0SA (n=10), PLMS
(1=3), and hyprolic

dependant sleep

disorder (n=1).

{Elbaz, 2002 #802) 1 Compared AHI based on aciigraphic estimate of TST with Enroll: 20 NA 75% 5215 Cortelaton of actigraphic AHI with PSG-AHI was good (r=0.976, p<0.0001). Bland-  PSG confirmed
AHi based on PSG Complete:20 Altman comparison showed best accuracy at AHI<25. Only one patient was over-  OSA

classified (and none underclassified) as to OSA severity using the acti-AHI measure.
Sensitvty for acti AHl n determining the presence of severe OSA (=psg AHI>=30)
was sensitvty 8%, specifcty 92.5%

{EISheikn, 2005 4 Toexamine how well chidren's emotional intensiy (scale Enroll: 41 NA 56%  1006+-174  Incr Emotional intensity was preictive of a reduced amount of sleep and incr night  Healthy Children

#697) ratings by mother) and vagal functioning during a baseline Compl: 41 yrs activity. Reduced vagal regulation (lower levels of RSA suppression o the RT task)
and a RT task predict sleep problems (actigraphy) in (613 years)  predicted incr slep probs by both subjective scales/logs and actigraphy.
healthy, elementary school-aged chidren.

{Fallone, 2002 #794) 3 TodetermineIf school aged children would comply with  Enroll84 o 5260%  10.2(65129  The majority of children aged 6-12 complied were successiul n following n
two experimental manipulations in thei siep time (sloep ~ Compl:78 years) ‘experimental protocals in a home setting (actigraphy recordings showed significant
restriction and an optimized sleep condition) in a home differences in their sleep imes during the three conditions)
setting

{Ferber, 2002 #790) 3 Todetermine if massage therapy would serve as atime  Enroll:26 8 NS Alinfants were - Nocturnal melatonin peaks at 8 weeks were higher in infants who had received dally ~ Healthy infants
cue and enhance the development of circadian rhythms in- Compl:21 studied at 6 and massages, suggesting that daily massage functioned as a time cue
infants. 8 weeks of age

(Fetveit, 2002 #806) 3 Study compared nurse observations of sieepiwake Enroll31 NA 1380% 85.4%72(72- Both and actigraphy noctumal  Elderly, ong-term
patterns in long-erm nursing home residents o Compl:29 100) sleap, with the majority of patients having sleep efficiencies < 85% nursing hormt

actigraphy recordings

residents, most with
dementia

gy-actiwatch

|Recurmng Time

(day / hours)
Start: N
End: NS

Durat: 7 days x 2
(variable period betw
2 sets of Actigraphy
in Ps vs Contr Ss)

Start: NS
End: NS
Durat: 14 days

Start:
End

Durat:7 nights
Start:

End

Durat:7 days
Start: NS
End: NS

Durat: 1-month

e

Do 514 days

StartNs
End:NS
DuratNS

Startwhen ss took.
sleeper at night

End: end of 1st night
for 16'ss, end of 3rd
night for 17 ss

Durat: variable

Startns
Endins

Durat:6 dys/7nts at
baseline: 5dys &
nights during last
week of intervention

StartNs
End

Durat: I ight

Start: ns
Endins
Durat: 1 night

Start: Bediime.
End: AM Rise-time
Durat: 4 nights

StartNs

Durat: averaged
24-hour psnods/cm\d
during experimental
portion of study

StartNs
End:NS
Durat: 20 frs.
StartNS

End:NS
Durat:14 days

[Analysis Method

Action-3 Software (AMI)

Software by Amb Monitoring
based on algorithm by Cole et
al(1992)

Actisom Software.
(Cambridge, Neurotechnology

Ave. Activity Offset and Onset

Recordings scored as wake
s sleep, then each one
minute epoch compared

1. Mean activity count
nt index

3. duration of uninterupted

immobility periods

st
as described in Middiekoop et

al 1993

Primary outcome variables
were SE, sleep time, wake
time, and #wake.

>40 movements/epoch

Actiwateh-Score Software

[Algorithms

Zero-Crossi
Mode; Cole-Kripke
Scoring algorithm
(Cole etal, 1992,
Sleep, 5:461-9.

NS

NA
NS

Sleepiap
duration=1st no-
movement epach
after 5-mins
immobiliy from LO
and last no-
movement epach
preceding
continuous activity
Actiwatch Software.
Programs.

1. Coles’ algorithm
(Action 3, vrs 3.15
AMI)

2. Sadeh's
algorithm (Action
for Windows vrs
1.05 AMI)

Start and end of
sleep period
determined by
moothing,

Actiware Sleep
ersion 3.2

program

NS

Sleepwatch

Act<40=Sleep wi
weighting of
‘adjacent epochs,

validated algorithm™

then cites Sadeh et
al, 1994

NS

NS

Standard

Peyeholos tesing,
Clinical Interviews,

[Actigraphy Outcomes [Actigraphy Conclusions
While post-tx Actigraphy sleep mins were sign corr w/ pre-tc

actigraphy values, sleep log reported sleep mins were not in

MDD Ps. Sleep log estimates of TST in MDD Ps were

consistently greater (13.3-mins at pre-tx; 13-mins at post-tx)

than estimated by Acﬂwaphv (p<.001). Sleep logs in MDD Ps

none

Sleep Logs
Subjective
Measures

Sleep Logs
Subjective
Measures

24-hr Actigraphy
Sleep/Nap Logs.
Subjective

Measures —
Questionnaires,

various scales

24-hr portable PSG
(Oxford Medilog
90000

Sleep Logs
Subjective
Measures

SG
Algorithms

None

None

PSG
Devices

PSG

Sleep Logs
Subjective
Measures: various
scales

Sleep Logs

Melatonin Levels

Caregiver report

to actigraphy

16 of the children, suspected of having sleepfwake cycle
disorder, were monitored by actigraphy. A 94% incidence of
delayed sieep onset. High child and night-to-night variabiliy in
sleep was present across the 14-day monitoring period.

leep logs and actigrapt for SOL  Authe jealed a
(r 068 and TST (2 046) Eotimatos o Setatency wero._ roatersoverty of symplome han aher coatoal
fonger for lep logs an aclgraphy b average disareenant repon.s or actigraphy, agreement between logs and
inTST. tes. SEF and WASO we jed over
doys, but the rightly concordance was poor (o

good
1, pfectusmprovement i oo qaltywere ot miores  Aclycouts vt sleep s scre) e
in the mean actvity level, no other actigraphy p i slos
roportd. quality

2. There were no differences in actigraphically recorded mean

ey lvee ot baceine perod ' e of e sty

Bine pmspecnve comparison o efrence standard
igher for nighttime for
sonthe oy and ight e (i.e. nighttime sleep was more
fragmented than daytime sleep). Mean activity level was lower
on the days off during a night shift and was sign lower
compered o whon on duty. For onright nappers her aciviy
level during the night shift was higher compared to the night
who had lower acivity levels when on duty compared
to ther days off.
hy in the 8 hosp children correlated with sleep diaries  Acti consistent with parental logs of sleep disruption
‘and confirmed instability of sleep, frequent microarousals, and  and with PSG for frequent arousals and a reduced
naps during the day (Fig 1)." p113. Naps and sleep attacks  duration of sleep relative to controls.
oceurred in SMS when melatonin peaked at midday and in the.
evening, during the evening meal.

1.91% of all epochs identified as sleep on PSG were correctly  High sensitivity for identification of sleep > 97%, but
identified by both algorithms low specificity for identiication of intermittent wake
2. Actigraphy systematically overestimated sleep latency, TST, ~ periods

and sleep efficiency while it underestimated intermittent

awakenings

Differences in activty level, Ch
movement time distinguished between drug and nundruu monitors
nights.

activity can be detected by activity

In a subgroup of the subjects who had desynchronized timing
of rest-actvity rhythm at baseline (defined as those who
experienced their 10 most active hrs during typical sieep hours),
sleep efficiency, night sleep and wake times were all improved
atthe end of the intervention.

Outcome measure for therapy in patients w/ severe
AD

Actigraphy differed from PSG for TST, WASO, TWT and sleep
efficiency. Time in bed and SOL were similar for acti and PSG,
‘and were more highly correlated than for sleep logs.

For TIB and SOL, acti did not differ from PSG and the
correlation between logs and PSG was significantly
lower than between acti and PSG. Acti measures of
‘TST, WASO, TWT and sleep efficiency differed from
PSGina population with differing sleep disorders.

it prgoiomanrori scngmphy combined with standard measures of

ol loop imo and total may assist in
sleep time was 0. Y pe0. Sleep disordered breathing severy.
(controliing for Not a good association between act and the sleep

between act and overall SHS sleepwake problems scale were
not significant. The factor of sleep dissatisfaction was
moderately correlated with sleep time, sleep efficiency and total
activity.

habits survey in healthy children,

Successfully recorded acti for 72 of 84 children. Differences for
bed time, sleep period, gender, and the experimental
conditions were observet

Acti can be used to measure adherence to a sieep
schedule in children

Periods of eak acily were delayed n reated nfants ot Act candetec changes incrcadian actvily ythms in
i

weeks of age (3 am to 7am vrs 11 pm to 3 am in control infants.
infants). NocLumaI Tneltonin levels were 2o higher wih
massage theray

Both measures ahowed disturbed noctura seep. Nursing

staf observations of sleep onset atency and early morning
‘awakenings were consistent with actigraph. Actigraphy
recordings showed more nocturnal awakenings than nurse
observations

Caregiver reports and actigraphy data were similar for
sleep onset and offset, but actigraphy showed more.
WASO than nurse observations.
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[Authorvear/Citation | Actigraph any Description [ of patients |~comr [Foof  [Mean Age & any Outcomes Condition [Device [Recording Time _[Analysis Method [Algorithms Standard

i Evid Level males _|sD, (range) (diaanosis) (day /hours) |compared with

(Fetvell, 2003 #1355) 3 This study evaluates the effocts of bright gt therapy in _ Enroll-18 ns 3 Sloop mprovod substanaly i brght (6 outof 7 Actiwatch  Start Days 8-14 from pre-treatment ~Actiwatch software  Caregiver report
demented nursing home patients with sieep disturbances. Compl:11 (71-101) jaking ime within by defined as (Cambridge)  End period were compared with

nearly 2. s oop efficiency improved o 73% 0 8% (=.000): s\eep p actigraphically Durat: 3 2-week days 8-14 of the treatment
‘Open, nonrandomized study where participants served as latency was reduced by 1 hor measured SE<85% periods (baseline, pre- period.
their own controls. 1)
Nurse staff observations used
o help determine bedtime
and uptime.
(Felveit, 2004 #1356) b This study examined the longer-term effects of atwo-  Enroll18 NS o% 86.1:89 During the 16-week retumn Actiwateh  Start: Days 8-14 from pre-treatment Actigraphy Sleep  Subjective
ourse of bright light therapy in demented nursing ~ Compl:11 (71-101) o reroatmont ovelo: afor 16 wecke erewero o Sanicant dirancos rom  dofned a5 (Cambridge)  End period were compared with  Analysis 98, v4.13  Measures
home patients with sieep disturbances. pretreatment for any variable actigraphically Durat: Original study ~days 8-14 of the treatment
measured SE<85% had 3 2-week periods period.

‘Open, nonrandomized study where participants served as (baseline, pretx, tx);

their own controls. this study ADDED 4 Nurse staff observations used
monthly post- 1o help determine bedime
treatment periods and uptime.
(each period = 7
‘consecutive days).

(Fontana Gasio, 2003 4a  This study investigated whether low intensity dawn-dusk  Intenvention:  Control: 8% 1868248  Whie there were tinical , D Actiwateh  Start: Missing activity or light data ~ Actiwatch Sleep  None
#873) simulation (DDS), a “naturalistic’ form of light therapy s “placebo dim Cni:83:+5.2  on modifcation of circadian stablty or amplitude characteristics of the rest-activity  (measured by (Cambridge)  End were replaced with the Analysis 98 v4.07
fesigned to embed sleep In ts accustomed phase, could red light cycle, there were two sleep changes in the DDS group compared to dim red light  MMSE) AND nurse- Durat: 3wks each  average of the mean of the 3
improve the disturbed circadian rest-activity cycle or Enroll group: 1) main sleep episode was 1:14h earler during treatment (p=0.03) compared  reported sleep during baseline,  previous days at that time of
noctural sieep in dementia Compt 4 I that  disturbance treatment, and follow- the day
the DDS group had shorted sleep latency. longer sieep duration, more nocturnal w
Design was a randomized trial 7 pts dropped immobilty, and less nocturnal actvty than the dim red light group.
out, though
roup
assignment not
]

{Gagnadoux, 2004 1 Study|Blinded comparison of TST estimated by PSGvs. ~Enroll: 124;1:  I: NA 1:63% 150816 1I: Estimated sleep time under nCPAP was 82% (ranged 41%-100%); nCPAP SDB via PSG Actiwatch  Start: LBT; I Default medium sensitivt, ~ Sleepwatch PSG (Study 1)

#732) actiin pts with clinical suspicion of OSAs. Study Il sought 1I:NA 1:93% ll:56411 ‘adherence and estimated TST (ie, amount of sieep measured by actigraphy while End: LUT: Il integrated activity count>=40  software
to compare the TST measured by actiraphy with CPAP  Compl: ‘CPAP was used) correlation = 0.80 (p<.001). Marked indiidual diferences seen in Durat: Iinight; - per epoch (Cambridge
use periods. GPAP use and sleep measured by actigraphy, with much sleep without CPAP and Neurotech)

much CPAP use while awake.

{Gay, 2004 #746) 3 Todescribe the sleep and fatigue pattes for both Enroll: 154 (77 NA 50% 324 +-5.1yrs  Both moms and dads had comparable amounts of sloep during final mo of New Parents Actigraph  Start: NS Action3 Software (AMI 4 autoscored 48-nr Sleep Logs x2
parents in late pregnancy and again in the early couples) (2043yrs)- preganancy. However, from pregnancy 1o postpartum, moms lost an ave of 41.2- () End: NS outcome variables: - time points
postpartum period using both objective (actigraphy) and Moms mins of nighttime sleap compared to only 15.8-mins for the dads. Sleep was more TST-night; TST-day; Subjeciive
subjective (logs, scales, questionnaires) measures o Compl: 144 disrupted for both parents after birth, but moms were more affected by incr WASO Durat: 48 frs x 2 TST-24hrs;and  Measures- Clinical
estimate sleep. The influence of work status and (72 couples) 34.6+-6.3yrs  during last mo of pregnancy and 1st mo postpartum. Both parents reported more /ASO Assessments,
breastieeding on new parents’sleep and fatigue was (22-53yrs)-Dads sleep disturb and faligue during the 1t mo postpartum compared to pregnancy. Questionnaires,
included. Scales

{Gnidovec, 2002 2 This study evaluated the validty of the Gachwiler Enroll10 NA 60%  1,3,and6  See Actigraphy outcomes NA Gactwler  Sarc 10 s0c Homegrown Trained abserver

#638) actigraphy for assessment of sieep by comparing Compl10 month Actigraph,
recordings with observations of 10 infants model Z80-32K Durat 72 hours each

(Gachwier
Electronics)

{Gossel-Symank, 4 Toinvestigate whether diffs in activiy-rest behavior Enrol. 17 BFULL  53%-Pro- ~20 mos w/age Al infants exhibited a clear circadian activity-rost thythm w/ a dominant per betw  Pre-torm vs Full-  Actiwatch  Start: NS Actiwatch Sleep Analysis  Fast Fouri Sleep Logs by

2004 #835) observed in pre-term vs full-tem (control) neonates Compl: 17 TERM terms  correction for  23hrs32min and 24hrs23mins, but the pre-term infants had an incr variabilly in term infants at~20- (Cambridge,  End: NS 5001, ver 103 (Cambridge,  Translom(FFT) wi  parets
continue to persist at the age of 20 mos. the pre-term  uitradian per lengths. Daytime napirest duration was sign shorter in pre-terms mos Neurotechnolo Neurotechnology, Ltd) a time series of

38%-Full- infants (1hr38mins) compared to fullterm infants (2hrs18mins). gy, L1g) Durat: ~10 days 68 days:
terms SleepWake
Threshold=40
(Grajowski, 2003 3 Anobservational study of working fight atendanisto  Enroll: 45- ight 26 teachers NA 36 +1-47 yrs- Flight atendants experienced incr circadian disruption as measured by a higher  JetLag in Fight  Mini Start:NS Action3 (AMI) Cosinor analysis;  24-hr Actigraphy
#1039) detemine whether they woud be mor el han attendants light djusted melatonin rate variance compared to teachers (p=04). Time zones crossed_attendants Motionlogger  End: NS Cole atal, 1992, Urinary Melatonin —
rol group) attendants  corr w/ melatonin production and measures of sleep displacement (aM1) Sleep, 15:461-9,  6-sulfatoxymelatonin
ot messured by avemight mlstonn prucucion snd o Compl: 63 Durat: 1 “menstrual modified for 3-min ~ (6SMT)
identify metrcs of circadian disruption for la (of the entire 3744159y cycle” epochs; Corr Sleep Logs
apidominigic fald studas in which bomontaring would  Group o 1) Teachers analysis, Subjective
not be feasible. exloraory il Measures - g
components and  hist records for 4
factor analysis s, Questionnaire
covering 6 mos
ravel hst for
teachers

{Groco, 2004 #731) b The obiective of this study was to examine the association Enroll:210  Not Grpt=21 Grpl= 5% of the patients were taking one or more psychoactive medications routinely. “Frail” nursing home Actilume (AMI) Start:1900 ‘Though actigraphs were wom Action3 - SUMACT  None
between psychoactive medications and sleep quality na  Compl:168  prescribed % 831286  The number of minules of sleep, percent of time in bed asleep and number of patients, defined as End0700 from 1900-0700. analyses
sample of nursing home patients. Baseline data from a perchoscive Grpz=20 gand “inabilty to transfer Durat: 35 nights  based on 2100-0700.
larger clnical trial of a nonpharmacologic sleep Prescrbed 1or modc Grp2= medications. Significantly better sleep quality was not found in those using out of bed at night (12nint)
intervention were examined more 59 85.4+8 antidepressants, or those who were using psychoactive medications reportedto  without human Sbis with fewer than 3 nights

psychoactive cause sedation ssistance.” data not included (s0 20% of
medications=10 (Grp2) enroled patients did not have
o 3 0r more valid actigraphy
@) nigths

(Guileminaull 2002 3 Random stratification of insomniacs w/ UARS and Enroll: 130 (68 34 Insom w/ 0% 5070 Years  Abnormal breathing during sk ificanty NS Start: NS Commercially available Custom — based on PSG

#803) insomniacs w/ normal breathing info 4 tx groups for 6-mos  Insom w/ normal normal fatigue (but not insomnia), and this complaint improved w/ SDB tx compared to tx  Insomniacs w/ End: NS software from Mini prior clinical Sieep Logs
to determine whether UARS in postmenopausal insomnia breathing; 62 breathing with a behavioral /cognitive regimen. However, the Behavioral tx program produced  Normal Breathing experienceand  Subjective
is a primary factor in the complaint and whether txof this  Insom w/ UARS) were the best response in insomniacs wiout SDB and shortened sleep latency even in the Durat: 7-d simultaneous, Act  Measures
mild SDB is enough to improve the insomnia over and randorly SDB patients. Postmenopausal Bacdine: 720ays al6- nd PSG ENT evaluation
above a Behavioral Tx Program. Compl: 126 assigned to Insomniacs w/ mo flu post tx monitoring

the Delayed UARS
Behavioral tx

cond as the

Tx Control

(gota

booklet on

Sieep

Hygiene xs)

{Guileminaut, 2002 4 Surveyto determine the incidence, type and severity of  Enroll: 503 NA o% 5570 years  Out of 394 postmenopausal women with chronic Insomnia, 264 (67%) had an AHI  Post-menopausal Start: NS Commercially available Custom -based on PSG

#804) sleep disordered breathing (SDB) and upper airway Compl: 394 =1> 5, with 164 picked up during home moritring, and an exira 100 diagnosed by women witchronic. 7Aciwatch  End: NS software from Mini prior clinical
anatomy in a cohort of post-menopausal women with PSG. Another 62 (15.7%) were diagnosed with UARS. Women with an AHI=/> 5, Insomnia perience and
chronic poor sleep for >6 mos. were more likely to have a hx of childhood asthma, upper ainway allergies, wisdom Durat: 7 days" simultaneous, Act

teeth extraction <30 yrs old, and a hx of brusism. (unclear if these were and PSG
24-hr recordings or monitoring.
just nights)
Edentrace on 7th
night

{Guileminaut, 2002 5 Adescription of 11 separate, case reports of atypical  Enmroll: 11 NA 64%  1838yrs Al patients had a sleep disorder. No sexual assaull was seen in the lab PSG. A Parasomnia: “Actigraphy’  Start: NS Commercial Actity vs. Non- PSG

#814) sexual behavior during sleep and the battery of combination of specific treatment for the parasomnia documented during testing and ~ Atypical Sexual  (Mini) End: NS Available software from Mini  activity Sieep Logs
procedures uliized to diagnose and treat the. Compl: 9 had any co-morbid, psychiatrc disorder led to control of the reported behavior in 10 0f 11 Behavior in Sieep Subjective

Actigraphy patients, with t control sil present up to 5 yrs later. Durat: 7-days Measures
(2repeated in some —structured

of the cases but NS)

interviews,
questionnaires
Clinical evals
MSLT

[Actigraphy Outcomes

‘Acti and nurse report both showed improvements in sleep in
this pre-post intervention trial. 6 of 7 act sleep parameters

improved, including sleep efficiency, SOL, and total wake time.

Bright light had significant effect on reduction of mesor (from

45.1 to 25.1; p=0003); nonsignificant increase on the light/dark

ratio (p=.097); and no significant change in acrophase.

Treatment improved acti measures of sleep efficiency, and
reduced total wake time, SOL and early moming awakening.
Bright light had significant effect on reduction of mesor (from

45.1 to 25.1; p=0003); nonsignificant increase on the light/dark

ratio (p=.097); and no significant change in acrophase.

Correlation of =90 biw aTST (325 +88) and pTST (328 £82);
95% CI TST difference was 2.5 min (-73.1 to 78.1) biw aTST
and pTST, The diff biw aTST and pTST exceeded 1hin3.
patients

GsDS sleep
with a loss of sleep for both parents post-partum and a greater

loss of sleep at night in mothers post-partum

was 87%

[Actigraphy Conclusions

Acti used to measure treatment outcome in demented
fursing home patients with sleep disturbances.
Authors created their own 5-item behavioral sieep
bservation scale for this study, and the results were
simiar o tat found for th actgraphically measurod
leep parameters.

Acti used to measure trealment outcome in demented
nursing home patients with sleep disturbances.

High correlation between PSG and acti for TST.
Actigraphy may be useful for assessing improvements
in sleep with treatment

For differences between groups and conditions, acti
was consistent with self-reported perceptions of sieep
disturbance in healthy new parents.

High

1. Agreement between acigraphy
and 95% respectively at 3 and 6 months

2. Only 72% agreement between observers and actigraphy in 1

month old infants

stimates ofseepake nnfans. Agrere was
higher at 6 mos of age than at 1 m

Pre-torm infants had a shorter nocturnal
(Shrs55mins) compared to fullterm infants (10hrs40rmins).
Moving time during sloep was elevated to 9.6% i pre-tem
infants compared o 7.5% In ful-terms (p<.05)

‘Comparison to reference standard
Actigraphy and diary data were used to calculate the mean

hourly rate of overnight BSMT production. The number of time

zones crossed was a useful indicator of both circadian sleep
displ tand

ravel corr w/ variable shifts in the sleep- and worktimes of fight
attendants w/ more sleep in the primary sieep period of the day.

Incr Sleep Eff% corr w! low melatonin.

Actigraphy was the sole measure of sieep qualty in this.
descriptive study. No relation between psychoactive.
medications and sleep quality was observed.

igraphy di in circadian
thythms and sleep duration between two pediatric
roups.

Jsed as a follow-up measure for b of SDB by,

1o 4 b groupe a Base. Al 4 ¢ groups (ne e Delayed Behav assessing movements between 2 - 3 units (brief

x control) had higher TST's at the 6-mo f/u compared to Base.
The CPAP treated subgroup had the least improve in TST. The

noselsurg treated subgroup had the largest decr in short

‘arousals across the night wi a similar decr for the SDB-treated

group as a whole. Improvements in acti measures associated
widecreased daytime fatigue.

Comparison to reference standard
Ambuiatory (Actigraphy) without EEG missed 100 out of 394
‘women (25.4%) w/ AHI =/> 5 and could not recognize UARS.

Most of the missed cases had a low AHI w/ a predominance of

hypops. All women had a Sleep Latency =/> 30 mins and an
‘awakening of 20 mins on at least 1, out of 7, nights of
Actigraphy.

Not adequately compared to any reference
“Actigraphy is helpful only to document the frequency

of
nocturnal activity and its timing of occurrence on a 15-day or 3-

week period,” p335

arousals)
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‘Actigraph
Evid Level
3

any Description

[ of patients |~comr

Conaition

The goal of this study was (o compare circadian activty
temperature rhythms in patients with AD, patients.
with frontotemporal dementia or Lewy body disease, and
ontrols.

To determine the relationship between light exposure, 24
hour sleep patterns and crying in healthy infants.

To investigate sleep-related functioning and the sleep-
wake cycle during a euthymic period in Bipolar | patients
‘compared to patients with primary insomnia and normal
sleepers.

“This study sought to assess the impact of Alzheimers
‘dementia on activity/rest cycles in home-dwelling pts at
early stages of disease progression.

The study sought to examine a novel automated algorthm
developed for actigraphic studies of normals compared to
sleep apnea patients.

Counterbalanced, cross-over, double-blind study to
‘examine the effect of triazolamiplacebo on a simulated
night shift schedule. Two tours of 5 nights in the lab (1 w/
triazolam and 1 wiplacebo). Only the placebo tour data in
response to momingness (MT) vs. eveningness (non-MT)
tendency is reported in this paper.

Study is designed to determine if the Circadian Sleep.
Inventory for Normal and Pathological States (CSINAPS)
is accurate for assessing the sleepiwake hythm of elderly
nursing home residents

To determine if noctumal sleep and daytime activity \eve\s
were different in patients with fibromyalgia, fibromyal

21 comortil deptession o doproseion compared s
healthy controls

To determine wi continuous activity monitoring whether
pre-term neonates are adapting to the day-night cycle in
the st week of e and approaching the acitvity-rest
patterns of a fullterm control group.

24-hr actigraphy was used to determine the effects of 3
diff Modes of Delivery on the activity-rest cycle and sleep
parameters (day sleep, night sleep, and sleep across 24-
Hrs) in the 15t week of ffe.

An attempt to replicate an earlier study by these authors
of aberrant circadian phases in the aMTs of seniors. An
intentionally biased, sample of seniors w/ symptoms of
either a sleep phase advance or delay were recruited for
an ultra-short sleep-wake cycle protocol in the lab. A
younger adult (control) group w/ no sleep disturbance was.
included.

To assess the impact of relay work on sleep quantity and
‘whether train drivers are able to obtain quality sleep in
relay vans during a short (<48-rs) relay tip.

Enrol!
Compl:38

Enroll NA
Compl:56

Enroll: 40 20 Normal
(20 Bipolar; 20  Sleepers.
Primary

Insomnia)

mpl: 34
(14 Bipolar; 20

imary
\nsomma}

Enroll: 27 19
Compl:

Enroll
Compl:228

Normal s, ot NA
patients

Enroll: 15
mpl: 15

(7-MT's and 8-
non-MT's)

Enroll:78 NA
Compl:78

Enroll:59 28
Compl:59

Enroll: 10
Compl: 10

10 full term

Enroll 59 NA
Compl: 57

Envoll 62 25
Compl: 62

(20 seniors
repeated the

study 5-mos

later for t

retest reliability)

Envoll 14 NA
Compl: 1

[Foof  [Mean Age & any Outcomes
mates |50 (range)
100%in  Int:70.2+1.0  Alzheimer patients showed increased nocturnal activity and a significant phase-
th  Cnir 728 2.1 delay in their hythms of core-body temperature and activity compared with patients
groups. h FTD and controls. The activity rhythm of FTD pal\enls was highly fragmented
in comparison with uncouped from the
rh‘llhm of core-body temperature.
46.40% Daytime with age and rightt increased with age
at6, 9,and 12
weeks of age
50% 396 +-15.2 yrs- 70% ofthe euthymic, Bipolarpatients had a cinically ign sleep disturbance; 55%

Bipolar  Bipolar

Insomnia  Insomnia
3% _ 35+ 134 yrs
Normals ~ Normals

full dx criteria for primary insomnia (excluding the psych dx). The Bipolar group.
iad higher levels of anxiety!fear around poor sleep and lower daylime activi

396 41 106 y- compared t ho othe groups, Poore loep offc  endoncy to misporcevo sloop,

(diaanosis)
Probable
Alzheimer's
Disease per
NINCDS-ADRDA
criteria

Healthy infants

Insomnia
Bipolar |

Ch53% Cnf: 718 Increasing severity of dementia was associated with progressive disorganization and Alz dementia per
Int:56%  Int: 68.5 decreasing amplitude of the daily pattern of activity and rest within home-dwelling DSM-IV and
Az disease subjects. probably Alz
NINCDS-ADRDA
ria
7% Normals: 38.6+/- The actigraphy algorithm evaluated in this study provides a reasonably accurate DB based on fll
155 ‘estimation of sleep and wakefulness both in mvmals and patients with SDB when PSG
Al (rormals + compared to PSG on an epoch-by-epoch basi
all SDB levels):
pryvEn
2% Mean=41 yrs. MT types were sleepier than non-MT types for most of the night shift. The degree of ~ Simulated Night
(2253yrs)  physiol ieepiness was severe with a mean MSLT Lat of <5mins from 023010 0630 Shitin Normal Ss
hours for the MT group compared to >9mins until 0430 hours for the non-MT group.
Neiher group showed adaptaion to either physiol or subj sleepiness across the 5
rights of study.
6.40% 8516 (70-97) Correlations between actigraphy and the CSINAPS (both items and subscales) are  All but 3 of
moderate at best, suggesting combining the use of both measires. partcipants had a
dx of dementia
16.90%  Fibromyagia 1. Fibromyalgia patients showed some increased movement at night and disturbed  Fibromyalgia (n=16)
4923 sioep but . or increase in 2
Fibromyalgia Fibromyalgia patients with depression had more disturbed sleep, and more daytime cmm orbid
s depresion nappn h contol and e bromylga paters depression (n=6)
Recurrent

Depre&smn 458

Contol 53.4 &
24

70% - pro- 34 360

4% - o

in pre-term infants was Shr at night

37ih-42nd week. reflected diffs in environment conds.

ms
of. sttalmn -
fulkter

55%- (37th-42nd

Vaginal  week of
gestation)

56%-
planned C- Medians=

section
30weeks-

58% - planned C-sect;

Required 40weeks-

C-section Required C-sect

Sex NS
(58-84 yrs)-
Seniors.

27 +-63yrs
(19-40 yrs)-
‘Younger Adult
Contrs

100%"

was found i the seniors. Urinary
phase marker w! high repeatability on retest

perations, the sieey

the

day, wi avg nightly sleep incr from 4th to o days of e (p<.05), exceeding day
as«auun pre- sleep time from day 6 onward. Total sleep time across 24-frs was
groups. Pre-erms ate less (8.2 times/24-hrs) than full-terms (9.8 times/24hrs), wi

longer intervals betw feedings (2-4hrs) compared to full-terms (1-4hrs) but may have

s not diff betw

Al neonates had several short rest phases and short activity phases during a 24-hr
day. 83% of vaginally bom neonates had a distinct circadian freq i their specira
‘compared to 5% of planned C-sects and 50% of the medically required C-sects.

‘These diffs conds, e.g. more
interaction from the vaginal delivery moms vs the C-sect recovering moms. 24-hr
39 Swesks-Vag; aclrapny provdes useul Lol forlookin a the ntogeny of e actviy-est

thythms in neonates and infants.

95p<.001, N=18),

603 +16.6 yrs  Failure to replicate previous findings. Not a single instance of aberrant circadian
phase in salivary melatonin, urinary aMT6s excretion, oral temp, or cortisol excretion,
aMTBs excretion was the most reliable circadian

46.6+1-4.9yrs  Although train drivers on relay trps are able to obtain sleep during short relay
p duration is ~half of what is obtained at home and of poor sut
quality. In addiion, the timing of the sleep opportunities directly impacts the quantity,
efficiency, and subj quality, of the sleep obtained.

i

depression (n=9)

Pre-term vs Full-
term Neonates (1t

Planned C-section;
Medically Required
C-section after start

of Labor; or Vaginal
Delivery

Seniors biased
towards symptoms.
of ASPS/DSPS vs

young-middle aged
‘Adults wi no sleep

complaints

Shift Work (Relay
“Train Drivers)

Device

An-16 activly
monitor (AM
Ardsley, Nvi

Actiwatch
(Cambridge
Neurotechnolo
ay)

Actigraph
(AMI)

Acuwamn
(Cambri
Newroracimolo

Watch_Pat100

system (tamar
Medi

from AMI

Actigraph
1

Neurotechnolo End:NS

gy, Actiwatch

Am Mini-
motion logger

Actiwatch
(Cambridge
Neurotechnolo
9y, Ltd)

Actiwatch
(Cambride
Neurotechnolo
ay. Ltd)

Actilume |
(AMI)

“Activity
monitor”

(Gaehwiler
Electronic,
Hombrechtikon
. Switzerland)

[Recording Time
day 1ours
St Interdaily stabilty, a
periodogram-based algorithm
measuring day-to-day stabilty
of the rhythm, and intradaily
variability, a measurement of
the fragmentation of the.
activity thythm

the period-to-period variabillty
of the rhythm, were use
nonparametric measures of
the circadian rhythm of motor
activity

[Analysis Method

-

Cosinor analysis used to
model circadian thythm

Slan‘ 2400 Monday NS

End 2400 Thursdey

Borat72hes

Start: NS

AMI software

NS
Durat: 8 daysinights

Startns Non-parametric circadian
Endins thythm analysis (NPCRA)
Durat:28dys

Start: ns See pg 1562 for fulldetails:

End: ns very specific automated

Durat: 1 night sleep/wake analysis program,
which for this study was.
synchronized with PSG

Start: NS,
End: NS

AMI softwar

Durat: 4 days
(unclear if these were.
24-hr periods or just
day sleep periods)

StartNS. Sleepwatch Analysis System
(Cambridge Neurotechnology)

Durat:2 weeks

StartNS Action-W software using Cole-
EndNS Kripke Algorithms to define.
Durat:5-7 days. sleep

Start: 3rd day of fe  Rhythmwatch and
for pre-terms;4th5th ~ Sleepwatch softwar

or7ih dayafr bith (Cambridgo Newrtoch, Li:
for fullerms. Daytime=07:

End: 8 days after  19:00; Nngnmme 19:00-07:00
startfor all infants

Durat: 8-days

Start: 3-rddth day of Rhymmwmch g ctaicn
3 Sl

Enct: 6th-0th day of (Cambridge Neurotech, L)
iife

Durat: 6-days

Start: NS, NS
End: NS

Durat: 10-11 days
(1-week home.
baseline; 75-96 hrs in-
Iab)

Start: NS
End: NS

Actiware-sleep Software
(Gambridge Neuratochnology
Lt paired wi sleep logs for
Durat: ~5 days LO and Wake-up Times
(3 days Baseline at

home then <48-hrs.

relay tip)

[Algorithms Standard
[compared with

Oddly, the software None

not specified

NS Sleep Diary

Actigraph's Zero-  Sleep Logs

Crossing Mode  Subjective
Measures

Clocklab software  None

(Actmetix,
Evanston, IL)

Watch_Patio0  PSG
(ASWA software)

Custom-prev publ in PSG screening
SLEEP(1991):14:14 Sleep Logs
06, Actigraphy

Subjective
Sleep=tstof3  Measures
consec epochs of T

counts =/<20;  Repeated Test of

Wake>20 counts  Sustaine

Wakefulness

NS Gircadian sleep
inventory for normal
and pathological
states (CSINAPS)

[Actigraphy Outcomes

Interdaily stabilty was lower in both patient groups that in
controls. In patients w/AD, both circadian activity an
temperature rhythms were delayed relative to controls.
However, in patients with FTD, the activity rhythm was
fragmented and phase advanced.

‘Overall consistency between acti measures and parental
reports of sleep. Reported sleep during the night increased with
age, activity levels decreased during the night with increasing
‘age. Activity levels at night and parental reports of good and
poor sleepers were also consistent.

‘The sleep quality of the bipolar group was in between the
insomnia and normal sleeper groups for all measures.
Subjective sleep measures of SOL and WASO were greater

[Actigraphy Conclusions

In controls and patients wiAD, but not FTD, changes in
the rhythm of activity paralleled changes in the
temperature rhythm.

Activity measurements are consistent with parental
diaries of sleep across the day and night in healthy.
infants.

In patients with sleep problems, subjective sieep
quality was worse than acti estimates. Good sleepers
tended o ovrestmateseep quallyrlae o ac

and TST was lower than sleep for both
insom and bipolar groups.

NPCRA showed that the stabillty, consolidation, and
peakltrough changes of activity in the mildly demented patients.
were indistinguishable from controls, and that the moderately.
‘demented pts showed marked perturbations with significantly
lower stabilty, consolidation, and peak-trough differences.

‘Across all subjects, sensitivity was 88.8%, specificity was

69.5%, and agreement was 84%. Sensitvity and agreement

tended to go down with increasing SDB levels (from 91% to

85%, and 86% to 79% respectively). Specifiity was less

affected by increasing SDB levels (ranged between 68% and
%)

‘The mean, estimated sleep duration for the MT group (312.7
mins) was not sign different from that of the non-MT group
(325.7 mins) by actigraphy.

ompared statistically).

igrap
differences between groups (dementia severity) for
consolidation of sleepiwake (NPCRA is a circadian
analysis)

This specialized device and software had good
‘agreement with PSG in normals, but less as SDB.
increased.

Compared to acti the shorter duration sleepers tended
to underestimat sieep duration while the longer

sleep duration were much lower in the MT group (255.7 mins)
‘compared to 342.5 mins for the non-MT group.

Strong relationship between CSINAPS scores for bed time and
get up time and actigraphy, but only moderate agreement for
total sleep time. CSINAPS overestimated sleep time by 30
minutes relative to actigraphy.

duration 3
duration.

Consistent with caregiver report of bedtime and
waketime. Actigraphy detects more wake than
caregiver reports.

Fast Fourier Steep Logs by
Transiom(FFT) w/ [parents

a time series of
5.68 days: Wl
Jand Siegmund,
12000, Biol Rhythm
Res. 31(5):581-602

Fast Fourier 24-hr Actigraphy
‘Transform (FFT) w/ Sleep Logs by
atimeseriesof  parenls

2000, Biol Rhythm
Res, 31(5):581-602)

Custom- Sleep Acl\grsphy
hand edited w/  Sleer

Seeplogeand  Saia iy Urinary

validated algorithm  Melatonin

(Jean-Louis etal,  Urinary free cortisol

2000, Physiol Oral Temps

Behav, 68:347-352) Subjective
Measures

TST, SO Lat, Sleep Sleep Logs
Eff%, subj ratings of Subjective
sleep qualiy and  Measures
sleepiness

before/after each

sleep per

araphy fective
t night, daytime activity, and

igraphy insleep

iyt
evvaen he comiions pilot study.

Gircadian Amplitudes (in the freq spectra) were present in 7, of
10, of the full-terms i the 1st week of life compared to only 1
pre-term.

Blind, prospective comparison to reference standard

In all 3 groups of neonates, the ave nighttime sleep was sign
higher than the ave daytime sleep from the 3rd to 8h days of
fie (p<.001). Vaginally bor and medically required C-sect
nearates hd sgn mor leep bouts uring e dayime fom
the 3rd to 8th days of lfe compared to the planned C-sec
neonates (p<.05). There were no 24-hr diffs betw. groups in
sleep parameters.

Actigraphic results were similar to sleep log data; age-related
difference in sleep time; seniors slept 26.6% out of 24-hrs
‘compared to 35.4% for younger aduls p<.001). Acrophases of
ctigraphic sleep were eariier in seniors compared to younger
adults (p<.001), despite no diffin 24-hr ight input betw groups.
Bedtime and wake time were significantly earlier than in young
subjects. Cortisol was the only phase marker to show
significant differences between groups. Repeatabilty of home
sleepmes (1 those seiors stdied i) was High (=0.87;
) The acrophase of Home sleep was significantly
o maetainne ‘acrophase of phase markers in the lab.

Biind, prospective comparison to reference standard
ave of only 4
during the relay trip compared to 7. hrs of sleepinight at home
(p=.0001), and TST/24-hr per averaged 5.8 hrs (+/- 1.3hrs).
Sioepinh sy van vasassocw/longer SO Lt (=001,
lower Sleep Eff% (p=.0001), and poorer subj qual 000"
compareato b ssep Eve (2000me) s apporumites
he relay van were assoc w the most sieep (4.6 hrs) compared
10 3.6 hrs for either AM (0400hrs) or Day (1200hrs) although
SO Lat was shortest and Slee.p Eff% highest during the Day
opportunity

fibromyalgia and co-morbid depvssslon

24-hr Actigraphy is a suitable non-invasive method to
characterize inter-individual variabillty in the activity-
rest behavior of pre-term and full-term neonates and
diffs in sleep duration.

Phase of the sleeplwake rhythm at home was.
correlated with the timing of circadian phase markers.
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‘Actigraph
Evid Level
b

quy Description [ of patients |~comr [Foof  [Mean Age & any Outcomes
mates _|sD, range)
Goal of study was to quantify the associations of SDB, Enroll:143 NS 50° 13.8¢ 0.8 Adjusted mean CRP levels showed a d SDB above a
Sleep duration, and c-reactive protein levels in Compl: all 143 hreshod of AHI>S, an associaon tha was partaly explained by overnight
adolescents completed hypoxemia, and less so by average sleep duration.
study, but
actigraphy data
missing in 6 pis
To use PSG and actigraphy to evaluate the sleep patterns Enroll: 26 24 -Normal  73%-Blind 44. 3 '/ 12.1 yrs Blind S's were “free-running" despite normal and regular sm:va\ mtelac\\on They had
in Blind Ss living under norma social conditions, w free- Sighted; age (2667 yrs)—  lower TST with a Sleep Lat that was twice s long, and a
running sleep/wake cycles and complaints of abnormal Compl: 24 and sex 79% Bhnd ‘compared to age and sex paired sighted contrs. REM Lat was \ongsr wia reducsd
sleep! daylime scepiness. Sleep comparisons to sighted matchedto  Sighted REM?% in the Blind S's. Cyciic sleeplwake probs wi insomnia or EDS were found in
controls were included. blind P's Age matched 6 Blind S's. No corr was found befw the type of bindness or presence of prosihetic
Conirs (no conir eyes and the different noct sieep and "free-running’ palern results
for 2 Blind
fomales —ages
61and 67)
Avalidation study of 1-nightof Actigraphy o PSG"gold  Envoll: 68 NA 46%  2187ys  Acliraphy estimates of WASO, TST, and Sieep Ef% were not sign dif from PSG,
standard,” and a sleep diary, in a random cot Compl: 57 By contrast, Sleep Onset Lat and # of noct awakenings were sign diff betw Act and
Volunteers who met “conservalve crieria for insomnia” Age straffed:  PSG. Neither Age, nor sex affected the diffs betw Act and PSG. To lestfor low
and completed home sleep diaries (2-weeks). 21 -39=8 S's; 40- power, a series of post-hoc power analyses were performed and confirmed that the
Study was large enough to detect medium-sized (d=0.5) iffs but not small iffs
(d<0.4) among the 3 instruments: PSG, Act, and Diary, for the 5 sleep variables of
interest
To determine the reliability of Wrist Care in recording Enroll:32 NA 25% 62 (26-89) Both instruments were reliable for recording sleep and waking states.
sleep-wake patiems of adults of various ages Compl:32
Evaluation of SDB in nursing home residens using Enrol: 109 26% 862492  40% of nursing home residents with daylime sleepiness and night time sleep
actigraphy and pulse oximetry Compl: 109 was disruption had abnormal ODI. Of all ubservannna\ variables assessed, only loud
total sample, but breathing during sleep was significantly correlate
only 71 had ‘with ODI (%.284; p%.003). When ODI was adlusted for estimated total sleep time,
“acceptable higher adjusied ODI was associated
actigraphy with higher body mass index (kg/m2).
recordings
‘This study is a secondary analysis of data collected Enroll:492 NA 19.60% NS 1.69% of the residents had daytime sleep episodes (were observed sleeping >15%
during a trfal of non-pharmacological measures to Compl:492 of he time
improve sleep. Questions addressed in this study 2. Daytime sleepiness associated with decreased mgnmvs function more medical
included the relationship of daytime sieep to nociurnal co-mortdly, reaterimpaimen.and more e in be
sleep problems, a determination if clinical characteristics and those
.q., cognitve function would distinguish residents with ihoun ghime sloep Gatabances
‘sleep distruptions from those with such problems, and a 4. Less rhythms
determinaton i circadian rhythms were more disrupled in
‘subjects with more daytime sleep and disrupted nocturnal
sleep
“This study compared PSG and acligraphy recordings  Enroll:15 NA 13.30%  Shiftworkers  An algorithm with a weight of P=0.14 was most accurate in both high SE index and
using Action 3 sleep/wake scoring algorithm and different - Compl:15 458+9.0 low SE index groups:
seltings of the scoring factor inlow and high efficiency Heallhy
sleepers. Epochs were scored as "true sleep” or "true volunteers 26.8
ale”. 249
Comrurty Seniors wer salfed o groups by sy Enol: 110 NA 3% 728+-Tiys Only
reports of wake time during the night w/ or wiout Compl: 103 GSINC  (all ¢ subgroups sleepers. Bnlh ppoor and good slsspers Who complained about their sleep reported 1-
‘complaints about sleep (Good or Poor Sieepers, Compiete more chronic._ conds compared to NC. Cigood sleepers reported more daytime
Complaints, No Complaints) in a study to identify the Actigraph data 50%-GS/C CDMDEIENE in fatigue than NC/Dom sleepers.
Sleep, health, psychological, and daytime funclioning 02) Age)
factors that would differentiate these 4 groups. Used both 37.5%-
subjeciive and objective measures of sieep. Gender diffs PSING
were also considered.
37%-PSIC
Ageoseton o ko, cou s o 0 NA NA 5% - 77and83yrs  Clrical and empiralevidence thatinhome, behaveralsiecp hygiene s o
I (1of3) elpful in in community-
‘zheimer' disease (AD) patints. The goal s (0 develop vering A pales. Quaniiani irovement o soep o, sk, ong
and then empirically evaluate an in-home, scales, and clinical interviews, was verifiec
behavioralleducation t program (6 sessions over 2 mos)
for community AD patients and their caregivers.
To evaluate a sleep education program on improving Enroll:14 17 Int:59%  Int: 78, 8 Educal\onal IH’BWEﬂﬁD" 'showed greater reductions in nlghl\\me ‘awakenings, total
sleep in dementia pis iving at home with family Compl11 15 Cri: 53% Cn: 78,7 it relative to controls at
caregivers differ d, and int pts had f nd were awake for less.
ime at each awakening.
To determine whether 2 lighting schedules — A: 12hrs at  Normal S's NA 100% Schedule A S's: On Light Schedule A (200 lux), 4, of 6, S's showed phase delays. On Schedule B
200 ux/12hs at <8 ux or B: 12hrs at 1000 lux/12hrs at <8 5+i-42yrs (1000 lux), synchronization of the rest.acivty cycle to 24 hrs was mainained but w/
lux - can maintain circadian phase to a 24-hr day when Enroll a sign overall phase advance of 0.81 hrs in the rectal temp rhythm. Soci
neither sleep, nor activity are scheduled. (6-Schedule A; Schedule B S's: Interactions had no major effect on phase. Observations sugg that domestic intensity
6- Schedule B) 24.3+/-16yrs  lighting eduled sleep and activity se to a 24-hr
mpl: 12 day.
To compare the phase angle (temporal relationship) ne NA 50% in (19-34 yrs) Phase angles were very similar in the 2 groups. However, a later circadian phase
between the sleep schedule and circadian phase of rectal 12-M-types; 12- each was assoc wl a shorter phase angle. For the same morn-even score, women had an
temp min and DLMO in M-type and E-type Ss. Ss were E-types Group 247 '/ 1.5 yrs= earlier DLMO and a longer phase angle betw DLMO and wake-time. Overlap in the
free to adopt a spontaneous sleep schediule. Metypes circadian phases occurred across groups and phase angles were longer in E-types
Compl: 24 ‘compared to M-types in these Ss. Where there was non-overlap in phase, phase
23.4+/-0.7 yrs= angles were shorler n E-type Ss. Morn-even preference reflects to 2 dif
E-Types. mechanisms.
This study evaluates the effect of a 90-minute afternoon  Enroll:9 NA 44.40%  78.6 years (74- 1. Noctumal sleep was not adversely effected by longer afternoon nap (mean 58
nap on noctumal sieep, circadian thythms, and evening  Compl 87 years) minutes) in home environment, however in lab, statstically significant reduction in

alertness and performance in healthy elderly persons.
Studied both at home (Actigraphy) and in lab (PSG)

Conaition Device
(diaanosis)

‘Octogonal
SDB dxin Sleep Watch
adolescents 201 AMI

Blind Subjects  280-32K V1
Sighted Contrs ~ (Gaehviler
Elecironic,
rance)
Insomnia

AWB4
Actiwatch
(Mini)

Healthy controls ~~ Actiwatch
(actigraphy)
ind Wrist Care

Suspected SDB Mini-

motionlogger
(Ami

Of 184 whose Am, Mini-

charts were moloniogger

reviewed, 42% had
doumenied dxof sometines
dementiaand 36%  Actilume (i

had a dx of circadian
depression thythms.
studies)

Shiftworkers (n=10) Actiume-AM
Ve

olunteers (i

Seniors (60 yrs and  ActiwatehL
older) (Mini)

Alzheimer's disease Actilume
with at least 1 sleep (AMI)
prob and nighttime

behav 3 or more.

timesiweek

Alzheimers
(probably or

Actillume, AMI

noctumal sleep (48 minue

2. Also a small but statistcally significant decrease in nocturnal sleep efficiency

during nap condition in la

3. Afternoon naps did not improve performance during evening or alter perceived

alertness during evening

Y
primary care MD

Healthy Normals  MiniMotionlogg
er (AMI)

Normals: Morning- ~ Actiwatch-L
Type vs Evening-  (Mini)
Type

[Analysis Method
(day / hours)

Start: ns Used "ime above threshold
data modef

|Recurmng Time

ns
Durat: 1wk (min 4
days)

Start: Time-synched NS
wi the 1 PSG per S in
lab

End
Durat: 15-days

Start: 9pm synced ! Actiware Sieep v. 3.3 (Mini)
PSG computer clock
End: NS

Durat: 1 Night

Start: Data from actigraphy and

End Wrist Care compared to PSG

Durat (1 night), Daytime activity
‘compared using Actigraphy
‘and Wrist Care

Start: ns

Endins

Durat: 1 night

Start: 2200 Action 3 software
End:0600 (for night

time recorcings)

Durat: 184 pts wore

wrist actgraphy for 2

nights, 118 ofthe 194

pts (60.8%), wore a

wist actigraph for 72

frs

Start: Action 3 software (vers 3.15)
End

Busi2 nachmal

recording an

daytime recardmgs

Start: NS, Actiware-Sieep vol 3.3 (Mini)

End: NS ~ SOloffset=1st and last 10-

Durat: 14-days. mins ! no more than 1 epoch
wake

Start: NS
End

Durat: 1-week x 3
time pts  (Baseline,
2-mos (post ) , and

Action3 Software (AM)

Startns “maximum channel used to
ndns est daytime sleep bic of
Durat:wk increased sensitivity to

movement decreased
likelihood that pts sitting
quietly awake during day
would be recorded as sleep™
ALL other actigraphy variables

derived from sum activity
channel

Start: 8am Action3 software (AMI) for all

End: NS tagged "in bed" periods

Durat: 15 days —

Schedule A

17-days - Schedule

B

Start: NS NS

End: NS

Durat: 8 days

Start: NS

Durat: 2 17-day.
periods (in home.
recordings)

[Algorithms Standard
[compared with

Action-W None

NS PSG
Sleep Logs
Subjective
Measures

Hioh Sens=actty PSG
of 20

Sleep Logs
ubjective
<20=Sleepw/  Measures
weighting of
adjacent epochs;
0=Wake

1) Method proposed PSG
by Jean-Louis et al Algorithms/Devices
and 2) Sadeh etal

for scoring

actigraphy and wrist

care data

ActionW Subjective
Measures

Circadian rhythms  Subjective
weremodeled  Measures
using 2 parameter

extensi

aditona eoswner

analysis

Weighted PSG
algorithms were

then developed with
various weights

ranging from 0.1-

05

HighSens=20  Sleep Logs

counts; Wake=/>20 Subjective

countsiepoch; Measures

loop= <20 counts

Wi weighting of

adjacent 2-mins.

NS Sleep Logs
Subjective

Measures
Behavioral In

Action 3 None

Only cosinor data ~ 24-hr Actigraphy
wisign fits 24-hr Rectal Temp
(p=/<0.05)and %  Urinary Melatonin
thythms >40% for ~ Sleep Logs
Activity Logs

NS PSG
Sleep Logs

26-Hrs Rectal Temp mar

Salivary Melatonin
Subjective
Measures

NS PSG
Sleep Logs
Subjective
Measures

[Actigraphy Outcomes

Sleep duration (assumed to be from actigraphy — see NOTES)
significanty negatively correlated with c-reactive protein levels,
BMI and AHI

Sleep duration significantly associated with CRP in models
adjusted for age, sex, BMI percentile, and (BMI percentie)2

Free-running subjects with sleep episodes at night showed
decrements in sleep quality relative to controls. Direct
‘comparison of PSG and Actigraphy for 1 night showed no
difference in TST. However Sleep Eff% was higher by Act than
PSG. Over the 14 days of the study daytime naps and sieep
episodes were frequent by actiin the Blind S's. PSQI showed
poor sleep quality in the prior month.

Actigraphy measured WASO, TST, Sleep Eff%, and # of noct
‘awakenings w/ an acceptable degree of accuracy for ciin eval
of nsonnia, bu corrlations were lower than rom valdation

studies in

[Actigraphy Conclusions

Weasuro of habil ieop uraion at home n
adolest

Acti used to monitor 24-h sleep over 14 days in free
funning blind subjects. TST consistent wiPSG, but
sleep efficiency was significantly higher by acti in
these subjects with disturbed sleep.

1. Actireasonable in measuring WASO, TST, Sleep
Eff% and # of noct awakenings, but not sleep latency,
in insomniacs. (ot as close to PSG

Actigrapl
Lat compared to PSG. There was a mild to moderate R
actigraphy to overestimate TST and sleep efficiency, but this
was not uniform across the range of values.  Actigraphy
‘approxs to PSG were superior (o Sleep Diary.

1) Wrist Care and actigraphy had about 80% agreement w/
PSG regarding sleepiwake states
2) When compared widiaries, had 87% agreement regarding
naps

appeared
sleep time by 30-70 min

Acti used only to determine TST. TST = 4.3 £
(TSThotal monitoring ime) = 47.9% £ 25.4; Mksmngs PN

1.Resident slept on average only 60% of the time between 10
pm and  am, i 72% of ose assessed (1=194) having
noctural sleep disturban

22 a7% percentofps asseseed (n=118) had abrormal
circadian rhythms

‘There was significant variation in scoring accuracy in the high
SE group. The setting of 0.14 was the best setting, with 92%
agrementor e lespand e vake. The selingas less of

measures in in normals. 3.
Actigraphy closer to PSG values than sieep diary to
SG.

80% agreement w/ PSG but overestimates TST in
healthy subjects (r = 0.70). Agreement was higher in
middle aged than in elderly subjects.

The settings of the algorithm can have a significant
impact on the scoring of sleep and wake by ac
Higher agreement w/PSG in good sleepers than in

an effect i group, and the setting of
0114 resulled n 1% agreement,

Actrapic messures o seep (e atency, ffciecy, ol

biects wilower SE!

High correlation be(ween logs and acti for TST in non-

pon Clpoor sieepars or NCipoor Sieapers). NC/good sieaper

nen slept more to
heir Male counterpartsInthese groups. Within-subject
‘comparison between objective and subjective sleep measures
showed high correlations for NC sleepers between acligraphy
and sleep log estimates of TST (r 2 0.80), and latency for
NC/poor sleepers, but there were no significant correlations
between the two measures in subjects who complained of poor
sleep.

Pilot study in 3 subjects
Actigraphy at 2-mos, post the behavioralleducation tx program
documented sleep improvements confirmed by subj ratings and
sleep diaries. The 6-mo actigraphy continued to confim
improve in 1 patient, 1 had deteriorated and 1 had died.

Level 4

s, but not in subjects
compiainng o poor dlecp.

Actraphy i able o detect reatmontinduced

1) were the primary study -

2) Actgrapny a\so tsed1o show et thee wereno <l

d caregiver 3
b) amountof dayime lluminaton & ¢) amt pi
(table 2)

Subjects living under a 200/8 lux LID cycle showed significant
delays in thythms of activiy, sleep, CBT and aMT6s over the 14
days with a caloulated period of 24.21 (acivity). Subjects living
under a 1000/8 lux LD cycle showed slight but significant
‘advances in CBT and aMTés, with a calculated period of 23.93.
The calculated period of activity rhythms at 23.97 was not
significantly different from 24 h.

Earler, estimated, mean bedtimes (~2.50rs) and wake-times
(-2.817s) occurred in Mtypes vs E-types. Both circad phase

rers (DLMO and temp min) corr. wi the timing of the slecp
schedule (r 20.75).

entia

Shifts in sleep and activity thythms are similar to those
observed in circadian phase markers.

Acti-measured sleep timing is strongly correlated with
the timing of circadian phase markers.

p logs showed a tendan
to decrease TST at night with daytime naps and a an increase
in 24 h TST. Noctumal TST was significantly lower by PSG.
Sleep efficiency was slightly, but significantly, reduced as
measured by PSG, but not by logs or actigraphy.

igraphy p logs
for TST and sleep efficiency. PSG showed significant
differences in TST, for actigraphy this was a non-
significant trend.
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[Authorvear/Citation | Actiraph any Description [ of patients |~ contr  [of  [Vean Age quy Outcomes Condition [Device [Recording Time _[Analysis Method

i Evid Level mates _|sD. range) (giaanosis) gy 1 hours)

{Monk, 2003 #778} 1 This paper describes four studies evaluating the reliability Ean 257 Study 4,40 42% Study 146.3 The STQ is both reliable and valid for determining when an individual usually sleeps ~ Study 4 included 19 Study 2MM  Start Study 2 in=house software
and validiy of a new questionnaire (Sieep Timing mp:2 205 (201 s with depression, Aciwalch  End
‘Questionnaire). Study 2 compared the STQ and Study 2.23 Study 245.1 with Durat: = 1 wk
acligraphy. 17.3(2376) insomnia, 5 with

Study 3 33.5 other sleep

132 (20-59) disorders, 3 with

Study 4 55.4 other illnesses and

184 (20-89) 12 people who were
caregivers of pts
with Alzheimer's or
organ transplants

2 This. study tests the validity of Ean 118 NA 42% 7.8122(4-12) in number of 54% diagnosed with Acl\watch 64 Start: Actiwatch-PLMs software
2005 #690) ettty mling o agets o PLte i hten  Gor sleep disordered  (MM) End

breathing, 38% Duratovernight
primary snoring or
normal PSG, and
15% with PLMD

{Nelson, 2002#793)  5b  To delermine the effect of a verbal or image maripulation Enroll: 59 NA 45%  209+-26yrs SsiPs who thoughtin images fell asleep faster and reported less anxiety and PamaryChiorc A St Bedime Action-W Software (AM)
of a pre-sleep stressor (anticipated presentation the ne» overall ~Verbal discomfort the following AM. Clinically, results argue for interventions that train SO Sleep Onse (AMI) End: Risetime
day) on Sleep Onset Latency (diary and actigraphy)in  Compl: 31 101 4711.9yrs- naormiace 1 s kg n mages an recuce veroat minaton fer igns o, o (SH-V) Durat: 1 Night
patients ! chronic insomnia 17-Verbal group 47%  Image

14-Image group Verbal
43%-
Image

{Nelson, 2003 #784} 3 To compare the freq, emotional value, and content of Enroll: 28 20 55% - ( s Controlling for the longer Sleep Lat, the Insomnia group had a higher % of Primary Sleep Mini- Start: NS Action-W (AMI)
Spontaneous, pre-sieep menal Imagery reporied by Compl: 20 whole  whole group)  unpleasant images compared to good sieepers (p<.01). A posiive corr betw Onset Insomnia s~ Motionlogger  End: NS
chronic insomniacs vs good sleepers in the natural, home group. unpleasant images and subjective Sleep Onset Lat (p<.05)was found for the Good Sleepers Actiwatch Durat: 1-night
environment. And, to determine the effect of this pre-sieep 214+-22y1s- ut no The insomnia more  (DSMHV deesico-  (AMI)
imagery on Sleep Onset Latency as defined by diary and 45%- Insomniacs images amund mtm\alﬁ relationships and sleep (p<.05) and fewer random/un- morbidity were
acigraphy. trsomnioc connected topics (p<.01) compared to the good sieepers. permitted in both

2334/-5.1yr groups)
e i o fitig
Sleef

{Nishihara, 2002 4 Tis study evaluated the development of circadian Enroll11 pairs NA %ol Infanis studied 1. Circadian thythms of activty began developing as early as 3 weeks of age, clear  NA Actiwatch  Start: NS

#669) rhythms in newborn Japanese infants by comparing sleep Compl:11 pairs infants at3, 6,9 and 12 24 hour peak in activity had developed by 12 weeks of age (MM) End:
wake pattens of mothers and their babies at 3, 6, 9 and fer Durat:3-5 days on 3
12 weeks of age birth. Mothers occasions

288426 years

{Noseda, 2002#798) ~ 5a  This siudy aimed to compare the effects of CPAP alone,  Enroll:14 NA 114 sazr2 Design: Each of the 14 pts were recorded on 3 consecuive nights with CPAP, SDB (AHIbW 10 NS Start: NS
CPAP+clonazepam, and clonazepam alone in patients Compl 93% CPAP+clon, and clon, respectively. &50) and leg End:NS
with mild-moderate SAHS and highleg activiy. movmenet index Durat: 3 consec

based on time in nights.
of >

{O'Reardon, 2004 1 \Wrist actigraphy and daily diaries were used to compare  Enroll: 46 43 30% -NES 43.3 +/-9.8yrs  There was no dif betw the total caloric intake of the NES vs control Ss, but the Obese Ps w/' Actiwatch-L Start: NS Mini — but NS

#915) the gl paten and ing of oo ke v t0Sop- Ps ~NESPs  temporal pattem of calori intake of the NES Ps was delayed relative to Conlrols.  Noclural Eating  Min-Logger  End: NS
wake profiles (sleep timing and continuity) in ot Compl: 48 Food intake after the eve meal was incr by >3-fold in NES Ps compared to controls  Syndrome vs Obese Series (Mini)
atert isgnosed wi noctuma saing eynarome (NES) 35%- 39+ T1ys— (p=001). NES Ps consumed food during 74% of noct awakenings vs. 0% for the  Conlrols Durat: 10days/11
relative to a matched group of healthy, but obese, control Controls ~ Controls controls. nights.
ss

{Paavilainen, 2005 4a The main goal of the study was to determine how activity ~ Enrol: 19 NS p: 84,95 The demented ms had lower daytime activity and higher nocturnal activity than the  Nursing home Vivago (IST Oy, Start: ns. Analyzed in 3 periods that

#702) (as measured by a lelemelic actigraphy) differs between  Compl23 Crtf815,9  non-demented pt residency elsinki, End:ns divided up a 24-hour period
'demented and non-demented nursing home residents, Finland) Durat: NH#1>10 Used a Poincare (return) plot
and to see acligraphy correlates with subjective sleep days; NH#2= 113 analysis
qualiy. days [NOTE: For data

analysis, only the first
10 complete days of
data were used]

{Paavonen, 2002 2 This study compared the results of two different Enroll:20 NA 30% 10.5 years (7.3- See Actigraphy outcomes NA Mini- Start: /ACT2000 and AW2 software

#674) placements (waist and non-dominant wrist) of actigraphy  Compl-20 133) motionlogers ~ End
recorders in primary aged schoolchildren (AMI) Durat:72 hours

{Paavonen, 2003 4 Anopen, clinical rial to determine whether melatoninis  Envoll. 15 NA 87%  G17ysold  Sleep improvement during melatonin b was assoc w improvement in behavioral  Children w/ M- Start: NS ACT2000 and AW Software

#657) effective in treating sleep problems in children w/ Compl: 15 and emotional parameters reported by parents and teachers. This tx effect was Asperger disorder  MotionLogger End: NS (AMI)

perg o also observed wiin a few days of iniiation and disappeared soon after discontinuation.  (by DSM-IV) ()
of sleep disturbances improves behavior and well-being. Durat: 48-72hrs x3.
time pls

{Penzel, 2004 #725} 2 Investigation of a new ambulatory recording system that  Enroll21 NA NS Onlyrange  Correlation biw RDI derived from PSG and Walch-PAT system was 0.89 (no p-value  Either 1) suspicion  Walch-PAT  Start: NS
uses peripheral arterial tonometry (PAT), oximetry and Compl:17 reported: 30-69 reported, but authors state it is “significant” for SDB and referral (Itamar End: NS
actigraphy (Walch-PAT) to detect sieep apnea and for sleep study or 2) Medical, Durat: 1 night
arousals. Pts diagnosed with ~Caesarea,

SDB and on CPAP _ Israel)
for at least 3 mos.

{Pillar, 2003 #761} 4b This study sought to examine and validate the accuracy of Enroll: 68 [Note: 61 pts 79% 46 +/- 14 from PSG and those SDB Watch_PAT  Start: ns. ‘E\Sep/wake determined by
the Watch_PAT 100 n the detection of arousals from  Compl: referred for oot o w100 osee. 7. see ore el o oucomes bom, unier 100 (3 signals: End: ns cligraphy;" arousals scored
sleep, as defined by AASM. SDB “Actigraphy Outcomes. actigraphy, Durat: 1 night sleep automaﬂca”y using an

evaluation PAT, oximetry) in lab improvement of an aigorithm
and 7 healthy previously described (see
volunteers Pillar et al, 2003; Sleep)

{Provini, 2005 #675} 3 Continuous actigraphy and sleep logs were used across a Enroll: 11 NA 30%  49+-16yrs g from the study. 9 of 11 Sleep-related Eating Mini Start:NS NS
double-blind, crossover randomized study of the D3- Compl: 11 Ps mcv to max ng KU 36"\9) or placebo 12 tabs) dose allvwed The median night- isorder Motionlogger ~ End: NS
receplor agonist, non-ergoline derivatve, pramipexcle, for ime activiy decreased ‘while the # of good sleep nighisiweek increased Actigraph
the tx of SRED in 11 Ps presenting to a sleep clinic. A 2- )2) on pramipexole. Nu sign changes in body wt or in absolute disease severity Advanced Durat: 4-6 weeks (not
week washout per occurted between drug and placebo occurred on drug or placebo. () cont, Tweek
conditions. baseline, 2nd-3rd

weeks on drug or
placebo)

[Algorithms Standard
|compared with

NS Sleep Logs
Subjective
Measures

Derived from ASDA PSG
criteria, wi 2 sec
assessment.

Validated in adults

but not children

NS Actigraphy

Zero-Crossing  Actigraphy.
Mode

Measures

NS Sleep Logs

None

Custom-Manually ~ Sleep Logs
(blind to condition)  Mood Log

matched to Subjective

accompanying  Measures

sleep logs for

timing of sleep

onset and offset,

sleep period durat,

and # of

awakenings

‘accompanied by

getting out of bed

NS Subjective
Measures

Sadeh etal Devices

algorithm

TST, Sleep Eff%,  24-hr Actigraphy

SO Lat, #of Sleep Logs

awakenings (Sadeh concurrent w/

atal, 1989, J actigraphy

mibulat Subjective

Monitoring, 2:209-  Measures.

216).

Proprietary to PSG

Watch-PAT.

Algorithm scores  PSG

arousal if one of

following conditions

is fulfilied within an

epoch of sieep: 1)

association biw 2

vents (see text for

more detail; 2) an

association

PAT signal

amplitude

attenuation of more

than 40% and short

movements of the

patient, detected by

energy of th

actigraphic signal

NS PSG
Actigraphy
Sleep Logs
Subjective
Measures
Periodic blood,
urine, E
monitoring

[Actigraphy Outcomes

‘There was a significantly positive relationship between STQ
‘and actl measures of activiy offset (r = 0.59) and activity onset
(r=0.77). Most of the variance could be attributed to 2
subjects

1. Actigraphy over-estimated PLM:

2. Application of a correction factor improved accuracy, but
different correction factors were required for each group and
‘could not be applied accurately without knowing pt diagnosis

Report was confined to Sleep Lat. Although the Actigraphy
estimate of Sleep Lat was longer in the Verbal group compared
to the image group, this diffdid not reach stat sign. Only the.
Subj estimates of Sleep Lat were stat sign.

[Actigraphy Conclusions

Good correlation between questionnaire bedtime and
waketime and act in the majority of healthy subjects.

Actigraphy is ot sufficiently accurate to diagnose
PLMD in children

Report was confined to Sleep Lat.
longor subjoctive and obectve SOL compared lo he good
sleepers (p<.001), 50 it became a covariate control factor for all
imagery analyses.

Detected the development of

SOL in insomiacs vs. good sleepers.

Act useful t dian thythms of sleep/wake

from 3 1o 12 weeks of age in infants and the association of
infants sleepiwake hythms with those of the mother.

Each of the 3 ixs effective in reducing LMI based on TIB

Blind, prospective comparison to reference s!andard
sleep diaries with
groups (1s = 0.85). Slasp onset, ofse, and fotal sleep drat
times s comperati betwee, s and o, NES P
Teporiod more ot awakenings compared 0 contos (o< 001)
i her actaphically saimated arousals oceurred sl
during sleep (128 mins after SO) compared to controls (193
mins after SO, p=.01).

Significant differences in activity between demented and non-
cemenie, Conetonsbehueen dl algp-axseseen and

low, ignificar
rambl. conslaion coeficents between he nghlday aciy
(mean) ratio and 1) quality of sleep and 2) daytime alertness
were 0.27 and 0.24, respectively (both p<.001).

1. Overall minute by minute scoring comparisons was 92.5%
(range 82.3%-97.7%)

2. Correlation coefficients forslecp variables were all significant
g, r=0.78.091

A decr in mean noct activity (p=.04) and SO Lat (p=.002)
‘occurred during melatonin tx, although # of noct awakenings

incr (p=.048). W/ tx discont, TST decr (p=.034), noct activity incr
23) and sleep quality deteriorated (SO Lat incr: Sleep Eff%
decr; p=.06). Lg individual variability in actigraphic sleep
response

No significant correlation between TST derived by PSG and by
actigraphy. Bland-Altman shows much scatter, which the
authors state * corresponds to a very limited confidence in the
TST in these patients, as predicted by the Watch-PAT device.”
Mean of the differences in TST was 12.17 +/- 64.5 min

Demonstrated abilty to detect significant difference between
groups or conditions in well-designed trial

Sensitivity and specifcity of PAT in detecting pts with at least
20 arousals/hr of sleep were 80 and .79, resp. Area under the.

Only the median noct activity was sign reduced on drug. The
only subjective measure to be better on tx than placebo was the
nights of good sleeplweek

activity in infants.

Acti-used to measure treatment-induced changes in
leg activity

Activity level is weakly associated with subjective
sleep quality.There was no sleep analysis conducted.

‘There were no significant differences in nocturnal
sleep estimates between the two placements in

elementary school age children. Diumal activity

measurements may be more affected by placement.

Acti revealed baseline to post-tx changes in sleep
parameters in children with Asperger's Syndrome.

Specialized device for assessment of sleep apnea and

rousal. Automatic evaluation of “wake" vs. “sleep”
based on activiy level; also evaluates oxygen
saturations and the PAT signal attenuations.No
correlation for TST wPSG

Minimal effect of tx on either subjective or objective
measures. Study may have been underpowered to
detect diffs.
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[Authorvear/Citation | Actiraph any Description [ of patients |~ contr  [of  [Vean Age quy Outcomes Condition [Device [Recording Time _[Analysis Method [Algorithms standard

[ uid Level mates |50, gange) (aiaanosis) av hours) comoaresvin

{Regestein, 2004 1 To determine if self-reported sleep measured by the St. Enroll:88 0 4566 1. Poor sleep quality was associated with increased risk of psychological and lealthy women with MM, no StartNS Appears to be developed in NS Sleep log:

#r49) Mary's Hospital Sleep Questionnaire was related to Compl88 somatic symptoms, poorer cognilive function ot flashes specfic type of EndNS house, references Webster,
objective sleep, cognitive performance, and motor 2.Self reported low sleep quality showed little correlation with objective measures actiwatch Durat:7 days Kripke et al, 1982 and Cole et
performance named a1, 1992 for descripton of

method

{Richards, 2001 4b This was pilot study designed to test the effect of an Enroll:7 NS 100% 762+ 8.0 Results showed an increase in noctumnal sleep (327 + 155 min to 354 + 146 min) Dementia — either NS Start: NS Software also not  None

#1133 individualized program of individualized aclivties Compls (10-89) with increased efficiency and a decrease in daylime napping (106 £ 68 min 1o 80 probably AD o End mentioned
designed to enhance sleep in cognitively impaired 51 min) from baseline to post-intervention. vascular dementia Durat: 3 days
palients residing in a dementia care uni.

Patients wore actigraphy for 3 consecutive days during
baseline and 3 days during intervention to measure sleep
wake patterns

(Richards, 2005#639) b The goal of this study was lo test the effcacy of an TotalStudy  Int71 52% B The indvidualized social activty intervention recuced daylime sieep (716 £69vs.  Dementia Actigraph  Start: Variables automatically Actigraph software None
individualized social activity intervention (ISAI) on 68 (range NS) 8 +68.7 min) and lowered the day/night sleep ratio (0.48 + 0.58 vs. 0.64 + 0.80) (MMSE<24) and (AMI) End: derived from Actigraph
improving sleep disturbances through a randomized trial  Enroll:172 cpmiared to the control group. leep efficiency Durat: Days1-5of  software.
using a pretest/posttest design in nursing home patients  Compl:139 <85% as measured baseline and 17-21 of
with demenia. by acligraphy reatmenticonrol

{Ruths, 2004 #724} 2 A randomized, reference group controlled, double-blind Enroll: 30 14 Psin Ref 20% 83.4 +/-6.9yrs  Following antipsychotic w/drawal, behavioral scores remained stable or improved in  Nursing Home Actiwatch Start NS Proprietary Software - 3,7-  Pre-defined Actigraphy
study of abrupt discontinuation of antipsychotic meds (for Compl: 28 group. 11Ps in 4 Ps. Oy 9days  Demenia Residents (Cambridge  End: NS day record fles: 2nd Baseline  nighttime window of Sieep Logs
non-psychotic indications) in nursing home residents w/ after widrawal due to incr leg movements. leurotechnolo week, Weeks 1and 4 of the  11pm to 7am ubjective
dementia. Continuous actigraphy and periodic L) Dural: 6 weeks  intervention to corres ! the Measures
Behavisymptom ratings (NPI-Q) were carried out across a timing of the NPI-Q ratings. Inventor
6-week study period where the Intervention group Questionnaire
remained off of antipsychotics for 4 weeks and the
rference group corinuedon meds

{Rybarczyk, 2002 2 study was designed to test two behavioral tmalmems CBT, HART, 64%, 66.5,65.6,71.4 CBT and HART groups showed significant improvement on 5 and 3, respectively, out Insomnia Model BMA Start: ns. Action W (variables: TST, SE, Cole-Kripke Sleep Logs

#808) o ndividose wih gota nsoma verave a.cont | Gonrl (i tht 20%, 38% o 7 sellreport measies of seep a4 mo . No sigifcan changes i sieep am End: ns 1ASO)
condition. (CBT, home-based audio relaxation tmalmem order) for slee Durat:

[HART)) Enrol: 16, 18, duration at 3 difierent
17 time points.
Completed
troatment: 11,
14,13
Compl Flu: 10,

{Saden, 2004 #726) 3 Tomses e e clepng syl motewng Walek  Noaise  NA 22%  2475+-2.17  Sswihigh emotion focused coping (EFC) shortened their sleep, while those w/low  Normal Sleepers  AMA-32 Start: Bedtime AMI software - Mode 18 data  Custom Software:  Actigraphy
betw stress and sleep in normal sleepers, 2 stres yrs (22-32yrs)  EFC extended their sleep during the high stress period (p<.005). Problem focused Actigraph End: AM Rise time  collection Actigraphic Scoring  Sleep Logs
coninons werschosen Ny scsgopi, ccouned | Enolt 3 oping (PFC) was assoc w/ more sleep (longer sieep period, p<.05 and total sleep. Analysis program  Subjective
across a normal 5-day academic period (low stress. Compl: 36 time, p<.005) irrespective of high or low stress cond. Durat: 5 consec r an IBM compat ~ Measures
‘condition) and again across a 5-day period during the eval nights x 2-time pts. PC (Sadeh et al,

‘week for acceptance into grad school (high stress). (low-stress week and 1994); 90%
igh-siress week. validetion wPSG.

{Sadeh, 2004 #735} 2 Study |, of 2 studies, was employed to develop and roll 57 %= 12.3 mos +/- Psychometric, clinical, for the use of the AMA-32 Start: NSEnd: NS SO Lat, SPT, TST,  24-hr Actigraphy
eltle (bt mochs soa) ary anc it 43Congl 43 (scraphy  ciicel  BSos (538 1 8o s e scraring o e e s s ppotes, T Actigraph  NSDurat: 5.7 days #of night awakes  Sieep Logs
actigraphy methods) a brief, infant sleep questionnaire Jata from 3% i repeated e BIS (P<.0001) (AMI) =/>5mins Subjective
(BISQ) that wouid be appropriate for screening in pediatric SSmatanie) comtols - Grodpi 4 mos. 1of Noa ST (~ 59, deyime sien daeton (r- 59, # o1 g awakannct (1~ 6) Measures
settings. (Study Il was an internet application of the +-6.3mos(5-  noct wakefulness duration (r=.95), noct SO Lat (r=.95), and settling time Ar 94).

sQ) 26 mos)- c for referrals: >3 awakes/night, >hou o night,
controls or <9hrs of sleep/24-hr period for ages 6-30 mos.

{Sazonov, 2004 #719} 5a ‘This study used actigraphy to determine the sleeping Enroll NS NS 34-42 weeks in be used Participants Accelerometer Start: Homegrown, involving logistic NS PSG
posiion ofifants and measure thelr seepiwake patterns  Compl26 post-conceptual included normal  (brand not  Endt regressions and neural

term infants, stated) Durat: mean PSG networks.
preterm infants, recording 7 hrs 54

term infants with

SIDS sibi

proterm infants with

SIDS sibling

{Scherder, 2003 5b A randomly assigned, single-blind, clinical trial of low-freq Enroll: 8 8 %= (Only group. Low-freq CES had no sign effects on the rest-activity rhythm and/or cortisol levels in  Early Alzheimer's  Actiwatch Start: NS Actiwatch Sleep Analysis Interdaily 24-hr Actigraphy

12y (CES) or placebo (no current applied) was carried outto  Compl: 8 Experime means; no SD's AD patients. Salivary cortisolincr ater both CES and placebo D (Cambridge,  End 2001 Software (Cambridge, ~ Stabilty(IS)- Salivary Corlisol
assess the effects on the circadian activity-rest cycle and ntal 12%- given)86.75 yrs. NINCDS-ADRDA  Neurotechnolo Durat: 1-week x3 Neurotechnology) strength of Subjective Measure
cortisol levels of instiutionalized patients w/ Alzheimer's Conlrol - Experima7.88 crtera) ) coupling; Itradaily
disease (AD) s - Contrs Variability(IV);

Relaiive
Amplitude(RA)
(Semler, 2005 #691) 3 Aoy ssugne, ot sty desgned o Evolk 30 A 25%  214+-37yrs Negalive feedback was assoc w/ more negative thoughts (p<.001), sleepiness Primary Insomnia  Mini- Start: NS End: Action-W Software (AMI)  Zero-Crossing  Actigraphy
ive, Compl: 22 (p=<.01), monitoring for sleep-related threat (p<.01), and safety behaviors during the  (by DSM-IV) MotionLogger NSDurat: 3 consec Mode Sleep/Wake Logs
o Seep n nsomiacs B posve vo egaive day (p<.001) relative to posilve feedback. Actigraph  nights Subjective
text feedback on the prior night's sleep. (AMI) Measures

(Serfaty, 2002 #4792} 3 The goal ofthis siudy was to examine the effect of Enroll:d4 NS 842476 Slep s sgnfanty s e saplepopuln. Moo e DSW-Y dagnoses Wit Start: NS NS Steep Logs
‘exogenous melatonin (6mg) on sleep disturbance Compl:25 64% on medlan tmal time asleey 3 p=0.18), number o( awakenings (n=25, of dementia; sleep  actigraphy d: Subjective
associated wilh dementia via a randomised =0.32, p=0.75) or = 24). N disturb onitors & Durat: night period, Measures
double blind placebo controled cross over ial. ovr el rom melsern identiied by main  analysis only (not day)

caregiver - defined  software”
asshoutingor  suppled by
agitated behaviour Neurim

and/or Pharmaceutica
wandering onat s Lid (Tel Avi,
least two nights per  Israel)

week

(Shibui, 1998 #1350) b Reportof a single case ~ man with non-24h sleep-wake  Enrol % a3 Free-running sleep wake cycle was 25.8 h long; once this patients sleep-wake cycle  Non-24h sleep-  Actigraph, AMI NS Very ltte description of how None
‘'syndrome. Compl:1 ire rhythm became synchronous with this duration, his fatigue wake syndrome per data analyzed, other than

symptoms completely disappeared. 1CSD (1990) pltiing of aclgraphy dala.
Aticial bright ight reatment allowed entrainmen to 24h day without recurrence of
fatigue symptoms.

{Singer, 2003 #651} 2 This study was designed to examine the safet Enroll/Comp Enroll/Comp  44% 7749 Melatonin did not have a significant effect on objective sleep measures. Insomnia in AD pts  Actiwatch StartNS Data gaps in a 24-hr period  Actiwatch AW64 PSG
effcacy of melatonin's soporiic effect in patients with Placebo=52/ AWG (Mini-  End:NS. resuled in that segment being series sieep- Subjective
Aizheimer's Disease and nocturnal insomnia. Patients 2.5mg=54/1 5 Mitter) Durat: Actigraphs ds\eled Single actigraphic algorithm Measures
were randomized o either placebo, 25mg, o 10mg  10mg=51/4 were wor d put together for entire 8
‘melatonin. continuous ktvealmem period. Noon

throughout the 2- o 3-to noon segmens were:
k screening created by the analysis

period and the 10 program.

‘week protocol.

{Skierve, 2004 #728} 4b To evaluate the effect of bright light treatment on Enroll:11Compl: NS 70% 79 (range 65- d in sl Actiwatch Startns NS Ns, though None
behavioral symptoms and aclivly level in patients with 10 87) the small sample of severe demenia palients. Measures included mesor, sieep  per Clinical (Cambridge  Endins. acliatch software
‘severe dementia efficiency, interdaily stability, intradaily variability, & relative amplitude. Dementia Rating Neuro) Durat: 24h/d for Bwks assumed

score of study (1 wk before

However, an effect was found for acrophase, such that aciivity acrophase late in the
day during T1 (pre-tx) predicted a higher level of advance during T2 (during t).

;4 wks during t; 1
wk post-b

[Actigraphy Outcomes

‘There was a significant but small avg. difference between
objective and subjective sieep qualty (avg diff of 7.5 min). The
variation was large, with a correlation of r = 0.31. Women who.
had seltreprtd iee atencesonger han nomal, ver.
estimated their sleep onset time by 30 minutes, Wom

had Shortr han average sefepored sleop iencies. fhvind
estimate their sleep latencies by 15 minute:

Demonslrated abiltyto detect significant difference between
roups or conditions in well-designed trial - See study
uncames.

Acti measured less daytime sleep (71.6 69 vs. 110.8 + 68.7
min) and lower day/night sleep ratio (0.48 + 0.58 vs. 0.64 +
0.80) i the intervention than the control group. Actigraphically-
measured nighttime sleep variables were not different between
the groups (minutes 1o sleep onset, minutes slept, minutes.
‘awake and sleep efficiency)

Actigraphy estimates showed a decr sleep effic% from 86% to
75% (54 mis, p= 120 arupl g wirawal. Reslessness
dwi

[Actigraphy Conclusions

‘The longer the subjective sleep latency the more it
differed from act. The shorter self-reported TST, the
more it difiered from act

Acti measured treatment outcome in nursing home
patients with dementia

Significant associations between ratings of
restessnes and actiy level and between raings of

24-hour activity
{0 8ape. activity (r=0.62,

and night time activity. The
association

groues, whi sioep pmns (NP1-Q) were corr w/ nighttime
activiy (=0.60,p-

sleep efficiency did not reach significance.

Correlations bl d self-reported

i and self-

Very were acti ar
insomnia

y low, wi pre-
and post-ix and flu being: -0.14 for SE: 0.08 for WASO: & 0.03
for TST. Also, repeated measures ANOVA revealed no group X
time effect for SE, WASO or TST.

Decreases in sieep time.

adult
and co-morbid illness.

witions were observed wiaci. Perceived sleep quality also

on
decreased in high stress conditions (high EFC group)

Only applies to Study . Sign, but low, corrs were found betw
the BISQ and actigraphic SO Lat (r=0.54; p<.001) and # of night
‘awakes (1=0.42;p<.0001). The strongest corrs were betw daily
log and actigraphic SO Lat (+=0.96; P<.0001)) and noct TST
(r=0.87:p<.0001).

Both regression models and neural models had a tendency to
over predict sleep

No effect of cranial electro-stimulation on the rest-activity cycle.

Under Negative feedback, incr monitoring for sieep-related
threat (p=.003) and more safety behaviors during the day
W TST>6.5hrs

At used
related changes in sleep.

High correlations between daily caregiver sleep logs
and act in infants for SOL and TST. Retrospective
data and acti had low to moderate correlations.

Used in an experimental protocol to assess the impact
of subjective estimates of sleep when objectively
d sl

‘compared to the group that received positive feedback but
slepl<6.5hrs. Actigraphic estimates of sleep did not difer sign
by either feedback or night.

ere was no effect of the

measured by acti o by reports of sleep quality by visual analog
scales. Caregiver reports were rarely filed out and there was
10 correlation between reports from diar

eets and objective information from sleep obtained from wrist
actigraphy.

Demonstrated ability to detect significant difference between
groups or condtions in well-designed trial  See study
outcomes.

In a subanalysis of the main study, sleep measured by
actigraphy and PSG correlated r=.92, p<.01 in a subset of the
‘sample (n=7 sbjs over a total of 18 nights). The mean
difference in TST was 5.5 minutes (Act mean TST=389.9min;
PSG mean TST=334.4min).

No changes in sleep measures were observed. Bright light
‘advanced the acrophase of the acti thythm.

Acti used ftcome measure in RCT in patients
with dementia and sleep problems. Acti data lost from
many subjects due to removal or refusal to wear
watches, but less lost data than from caregiver
reports. Sleep diary reports could not be used.

High correlation between acti and PSG, but acti
consistently overestimated sleep in Alzheimer's
patients.

Ability to detect rhythm of actvity in patients with
severe dementia,
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[Author/vear/Citation
i

{Tang, 2004 #650]

{Tractenberg, 2003
#652)

{Tuisku, 2003 #1007)

{Tuisku, 2005 #1002)

{Tworoger, 2005
#1363)

{Uchiyama, 2002
#1349}

{Vallieres, 2003 #758)

{Van der Heilden,

2005 #684

{Wee, 2004 #1282}

{Wilson, 2004 #745}

{Winkler, 2005 #682)

{Wolfson, 2003 #663}

{Yaron, 2004 #643}

{Zucconi, 2003 #759)

‘Actigraph

Evid Level
3

any Description [ of patients |~comr |% of  [Vean Fe s any Outcomes Condition [Device [Recording Time _[Analysis Method
nges Lot (diaanosis) day /hours)
‘A behavioral experiment designed to Gorrect the, Enoll 52 NA e ena S SO Latcsimtes for e Sihtsslr e ervet Ghown decrspancy o Primaty o Mii tart 2 s prior o Action-W
perceptual distortion about sleep in patients wi primary  Compl: 40 a Basn ) were st e o Bas s (p<002) St el of (i DSHL) Motionlogger  BedtimeEnd: AM
insomnia by supplying direct participatory feedback. Shon e longer (over the next 3-nights) post- the intervention compared to pre- Actigraph  Rise Time
Discrepancyzs. (Base) Srights (4<001) Greup Shown Discrepancy als repored ower Secp. Basic (AMI)  Durat: 3 consec
641 7ys~Not relsed amdsty and sleep, post- the topre- nights x 2
(p=001)
“This study sought to validate the Sleep Disorders Enoll157 NS s Thawes e study provides iital validation data for the SDI as a tool o assess and quany Possible or probably Actiwaich  StartNS. Data gaps in a 24-hr period
Inventory (SDI) as a novel instrument for use in assessing Compl:104 sleep disturbance in patients with suspected or probable Alzheimer's Disease. Atzheimer's AWBA (Mini-  EndNS resulted in that segment being
and quantitying sleep disturbance/disorder in Alzheimer's Disease, per Nitter) Durat: Actigraphs  deleted. Single actigraphic
Disease patients. NINCDS-ADRDA were wom record put together for entire 8
criteria continuously K reaiment porod Noon
“This study was a post hoc analysis of baseline responses throughou the 2- 10 3-1o noon segments
tothe SDI in a tial of melatonin for the treatment of slecp g croated by tho analyels
disturbances in patients with AD period and the 10-  program.
week protocol.
o determine if lower lmb movement recorded with EnrollNS 15 660%  RLS 5032 11.2 Noctumal motor activity per minute distinguished pt from control groups more RLS NS Start: Digital integration method of
actigraphy would distinguish pts with RLS from normal  Compl:39 (26-62), controls effectively than PLM Index and controlled rest during sitting test Eng the PAN-3 (software used)
controls 49.346.7 (33- Durat: over-night
57)
To evaluate the effect of pramipexole on RLS through  Enroll:15 NS 1157% 50.3+-112  Noctumal lower Imb activty and controlled rest actvity decreased significantly RLS PAM3 (M Start ns Waist monitor served as a
measurement of ankle actigraphy. Compl: during the intervention in parallel with the subjectively reported relief of RLS sxs. Systoms, nd reference to contro for gross
Balircas, WD) Dira‘cimatio  movmarta
measurements
subjective
assessments were
performed before and
during the
pramixpexole
intervention, with 3-
day interval
e
“This study describes objective measurement of sloep and Enroll73 NA NA 306453 (20- 1. Sleop measures during the loutal phase of the cycle vary widely in women aged  Healthy women  Act-watch 16~ Start: homegrown
subjective sieep qually in young adult women Compt58 40) -40 sieeping at home during luteal phase  (MM) End
2 Slespmes e vared with 20 i e edime on waskends of cycle Duratnighty for 10 (2
3 d with poorer subjecti but not objective periods of 5 nights)
recordings of sleey
& Selt 1epored poor sleep not assocated with BMI, mensirul cyc engih or
exercise
“This study aimed to clarify the phase angle between sleep Enroll5 15 Int: 80%  Int26.6 + 8(16- The period of the sleep-wake cycle observed at home was longer in the non-24hour  Non-24-hour sleep- Actigraph ~ Start: ns Actigraphy derived sieep
propensity and the circadian pacemaker in patients with  Compl:5 Cnt: 80% 39) Sleap-wake syndrome group (25.121rs) than in the controls (24.02hrs) (p<.0001)  wake syndrome, per (AM) End: ns onset from the 8-10 days prior
non-24-hour sleep-wake syndrome. Chlri:nsns  (measured by actigraphy). The interval from sleep propensity onset to the melatonin 1997 ICSD crteria Durat: 14 days tothe laboratory admission
(19-35) midpoint was significantly shorter in the non-24 patients than i the controls, while was used to estimate sleep
Five patients with non-24-hour sleep-wake syndrome and the interval from the melatonin midpoint to the sleep propensity offset was onset.
5 age- and gender-matched controls were studied. significantly longer in the non-24 patients than in the controls. Two blinded raters determined
Sleep onset and offset times.
“This study tested the uiity and sensitivity of actigraphy asEnrol17 NA 4120%  416+57(34- Treatment effocts were etectible using allthree measures insomnia Indvidual  Start: IM systems software
an outcome measure for reatment of insomnia Compt7 50) Monitoring ~ End
Systems Durat: 4 nights
(actigraph)
To investigate whether ADHD-related SO insomniaisa  Enroll 33ADHD W/ 76% B8 +/-17yrs- SO was~1 hour later (21:38 +/-0.54 mins) w/ wake-up times ~33mins later (7:29 +/- Attention- Actiwatch  Start: NSEnd: Acuwamn Solware
ccadin mylhm disorder, acgaphic osimles of he - 87Compt: oSO ADHD w/ ADHD I SO 0,39 mins) in ADHD kids w/ SO insomnia compared to the SO (20:49 +/- 0.4 mins)  DeficitHyperactivity (Cambridge, ~ NSDurat: 7 days  (Cambri
insomiaacti SO Insomnia8.2 +I- and wake-up times (6:56 +I- 0.46 mins) of the ADHD contr kds. Disorder (ADHD) by Neurotechnolo Newmechmlegw
HOHD it wivoie S0 nsonria and Goun oL AOHD dataone)  craphc data. Insorria? 2015 ADHD DSMHV w or wiowt gy)
Kids w/ no sleep probs (controls). All were free of any. on20) 9%-ADHD contrs SO insomnia
psychotropic med hx. (Study was part of an ongoin contrs
randomized, placebo-controlled ciinica tral of melatonin
cfor chronic SO insomia in ADHD.)
To determine whether the type of ophthalmic disease  Enroll: 25 12 SoncNS.(12:20 yr for il Onlyprsancs or sbsancs of ot nevedis wasa sin rcitor of dayime Visually Impaired  ActiwatchL  Start: NS Automated analysis w/
(visual impair wi oplic nerve disease vs an intactoptic  Compl: 25 37PsiSs)  napping. Blind teens w! optic nerve disease (8 of 11) were .1-times more ikely to  teens w/ or wiout  (Mini) End: NS Actiware (Mini)
nerve) in Blind teens is predicive of sleop/wake 16 +-1.9 yrs-  nap >20-mins daily compared to biind teens wi intact optic nerves (3 of 14, p=02)  opic nerve desease
disturbances. A normal sighted control group was Blind w/ optic  and 21.3-imes more likely than sighted teens (only 1 of 12, p=.04). Durat: 14-days
employed. nerve disease
15.9 +-2.4 yrs-
Blind w/ intact
optc nerve
1554129 yrs-
Sighted
Controls
“This study, using a double-blind cross-over design, Enroli:NS 0 NS NS 3. he msorty ofpsprferd o use th eephons system (2236 of dta insomnnia start: Software plus non-parametric
evaluated if actigraphy could be used detect changes  Compl:38 colactin, Toars e 10 Srloart lrarces I Scoes Vr tsposes 0 s Neurotechnolo End analysis of rest activity
when pts were treated with temazepan, and to determine and penci collect gy, Actiwatch  Durat weeks patterns
if an automated method of questionnaire data collection 2 were noticed on d obecive messures wit
would be comparable with traditional data collection temazepan between treatment and placebo woeks
methods.
o investigate If Bright Light Tx (BLT) reverses the Enoll 17 17 24% 369+ 135yrs SAD Ps had a 6% atlenuation of the amplitude of the actvity-rest cycle (p=.025)  Seasonal Affective  Actiwalch Plus Start: NS Actiwatch Sieep Analysis
‘abnormalites o the Gircadian rest-activity cycle that tend  Compl: 17 which was phase delayed by 55-mins (p=.023) compared w/ controls at Week 1. Disorder (SAD) ~w/ (Cambridge  End 2001 software, Ver 1.19,
to accompany SAD. A sex and age matched control group BLT in SAD Ps resulted in an incr of relative ampli (p=.005) from Week 2 on and an  fall-winter Neurotechnolo Durat: 4-weeks  Sleep analysis used a
of normal Ss was included. ‘advance of the activity-rest cycle in Weeks 3 and 4 week 4, there were  depression (by DSM- gy Ltd) Medium Sens to estimate
o longer sign group diffs. Intradally stabilty (coupling of activity to external IVTR) actigraphic sieep parameters
zoitgebers) incr by 9% in both patients and healthy contrs by the 4th woek (p=032).
To examine the validly of selfreported survey estimates  Envoll: 302 NA S5% 16+ 12yrs  Suey estimales of TST and Wake-{mes were win Smins of those eportedin  Adolescents Mini Start: NS Action-W2 software
of sleep pattems in adolescents using a comparison of  Compl: 302 (138-199yrs. diary by actigraphy. than diary or Motionlogger (AMI)/Custom-Acebo et l,
retrospective (2-weeks) descriptions of sieep paterns w/ actigraphy estimates. Ss reported sleping ~30-mins \onger ‘on weekend nights Actigraph (AMI Durat: 8 days 1999, Sleep 22:95-103;
slep diary reports and actigraphically estimated sieep ‘compared to diaries o estimated by actigraphy. Survey reported weekend Wake-
parameters over a subsequent week. imes were ~55-mins later compared to diaries or actiraphy estimates.
To evaluate the effect of rapid ascent to moderate alitude Enoll: 37 NA 4% (@33 mos) iferenics @10 Mini- Start: NS Presume AMI but NS
on sleep (actigraphy and logs) n infants and pre-verbal  Compl: 30 increased the noctumal sleey the 1st  33mos) MotionLogger ~End
children. (Part of a larger study to examine the effects of 10541108 it aterascentio & moderate At (3109 m). s b was st e acity () Durat:7-days total (1-
acute high alttude exposure.) mos-girls levels were retuming to baseline alitude levels already by the 2nd nigh after ascent. 4and 57 were
contiguous)
139 +-8.5 mos-
boys
Dose-finding study to determine if cabergoline reduces  Enroll:12 o 68%  566(38-73)  Cabergoline significanty reduced symptom severity compared to placebo as RLS StartNs NS
‘symptoms of RLS in patients with moderate to severe  Compl:10 measured by IRLLSSG Rating Scale and Clinical Global Impression Scale. Mean Motionlogger ~ End:NS
symptoms. motor activity actiraphy Durat: 4 nights

(baseline, T), T1, and
)

[Algorithms

Zero-Crossing
Mode; Action-W.
using the Cole-
Kripke algorithm

Actiwatch AW64
series sleep-
algorithm

NS

PAM3 software

Cole et al (1992)
and validation data
supplied by MM

Action3

Validated for sleep
parameters(Kushid
aetal, 2001,Sleep
Med 2(5):389-396);

Int, 164): 505-516)

Actiware (Mini)

Total daylight and
dark activi

derived from actual
sunrisel

sunset times in
Vienna; Cosinor
analysis

Zero-Crossing
Mode; Actigraphic
Scoring Analysis
(‘Sadeh" algorithm)

Threshold used for
activity counts but
NS

NS

Standard
[compared with
Actigraphy

Measures
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[Actigraphy Outcomes

‘AtBase (Nights 1-3), Ps overestimated their SO Lat by 37-mins
and underestim TST by 46 mins. No sign Tx effects were found
for either Actgraphic SO Lat or TST. Al sign findings were
confined to subj sleep estimates by Ps. No intrasubject
statistical comparsions of subject and object SL and TST
made.

[Actigraphy Conclusions

Study shows that feedback about objective sleep
timing w! actigraphy can alter the subjective
perception of sleep.

Low but significant oI
with night TST, SE, WASO, DayTST/ NightTST ratio (1 =
100.28).

SDI was NOT associated with DayTST and 24nrTST. The
highest correlations were between daily sleep quality ratings
‘and acti for sleep efficiency (r = 0.49) and WASO (r = 0.41)

Comparison to reference standard
1. Nocturnal activity distinguished patient and control groups,
with RLS pts having significantly more motor activity at night
than control subjects

2. RLS pts also exhibited more motor activity during sleep.
Iatency and during sleep than control subjects

Demonstrated abilty o detect significant difierence between
groups or conditions in well-designed trial
Signifcant correlation between the decrease in noctumal
activity and subjective improvement in VAS scores (r=0.44,
p=05)

‘There were low interclass correlations for TST, time in bed, and
sleeponset, bt igh CC or e fficency and ot wake

S\eep efficiency had highest ICC across time2

Demonstrated abilty to detect significant difference between

groups or conditions in well-designed tral

The period of the sleep-wake cycie observed at home was
longer in the non-24hour sleep-wake syndrome group (25.12 +
18hrs) than in the controls (24.02 = 02hrs) (p<.0001). The
habitual sleep length was significantly longer in the non-24 pts
(958 60) than in the controls (7.33 = 31).

1. TST and SE were simiar o the 3 measures, bu act coser
to PSG than sleep logs.

Compared to PSG, both actigraphy and sleep logs
overestimated total wake time

2. Compared to PSG, acti underestimated SOL and sleep logs
overestimated it

The mean SO (p<.001)and Wake-up times (p<.002) were sign
later as was the DLMO (p<.001) in the ADHD kids w/ chronic
SO insomnia (20:32 +/- 0:55 mins) compared o the ADHD
contrs (19:47 +/- 0:49 mins).

Acti associated with
ratinge of seep auslty han m(rnspecﬂve atings of

sleep quality in patients with PRAD and sleep
disturbance.

One night of acigraphy data was unreliable for
measuring total sleep time, sleep onset, and time in
bed (intraclass correlation < or =.15) but was
‘acceptable for measuring sleep effciency and total
wake time (intraclass correlation [ICC]=.52).
Actigraphy is feasible for measuring sieep, but
multiple recording nights may be needed to obtain
reliable estimates.

Acti more similar to PSG than sleep logs in subjects.
‘wiprimary insomnia. Also sensitive for detecting the
effects of tx on some parameters.

Later bedtimes and waketimes are paralleled by later
DLMO in children with ADHD.

‘The SD of the wake-up times across 14-days of
Used 4 the measure of Wake-up Tme Insiabitty. The bind 55
wi optic nerve disease had >Wake-up Time Instabilty

‘compared to either blind Ss w/ intact optic nerves or the sighted
contrs (p=02).

Actigraphy showed significant treatment effects for hypnotic
use (TST, immobility, fragmentation index). Low correlation
between fragmentation index and subjective sleep quality (St
Mary's Hospital Sleep Questionnaire)

‘Comparison to reference standard SAD Ps had 43%
lower daylight activity (p=.006), 3% lower total actvity
(p=.031), and a lower Sleep Eff% (p=.030) compared to contrs
in Week 1, all of which incr sign after 4 weeks of BLT. After 4
weeks of BLT, no sign diffs were found betw SAD Ps and
control Ss on actvity measures.

Survey reports of school and weekend night sieep behaviors.
were sign corr wi both act. The strength of the associations
were consistently greater for school night variables compared
to the corresponding weekend night variables.

Detection of day! pping and wake
in young subjects with visual dysfunction.

Both acti and subjective reports showed signif tx
effects, but the subjective effects were greater in
magnitude and lasted longer in patients w/ insomnia,

In adolescents, the highest assaciation between
survey data and acti was for wake-time during the
week (r = 0.77), followed by bedtime and sleep
duration. The lowest correlation was for weekend
sleep duration (r = 0.31).

Sign incr in during the
the 1t night after ascent to 3109 m compared to baseline
altitude (1610-1645 m) at home or in  hotel. Activity during
sleep was already decr back towards baseline levels by the 2nd
night of alttude ascent.

Blind, prospective comparison to reference standard
Mean motor activity (as measured by actigraphy) decreased
with treatment

byan
increase in activity counts in young children.
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