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REVIEW ARTICLES

Sleep Medicine
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Sleep-Wake Disorders: An American Academy of Sleep Medicine Systematic

Review, Meta-Analysis, and GRADE Assessment
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Jonathan L. Heald, MAS; Kelly A. Carden, MD’
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Research, Education and Clinical Center, Los Angeles, California; *American Academy of Sleep Medicine, Darien, lllinois; ”Saint Thomas Medical Partners-Sleep Specialists,
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Introduction: The purpose of this systematic review is to provide supporting evidence for a clinical practice guideline on the use of actigraphy.

Methods: The American Academy of Sleep Medicine commissioned a task force of experts in sleep medicine. A systematic review was conducted to identify
studies that compared the use of actigraphy, sleep logs, and/or polysomnography. Statistical analyses were performed to determine the clinical significance
of using actigraphy as an objective measure of sleep and circadian parameters. Finally, the Grading of Recommendations Assessment, Development, and
Evaluation (GRADE) process was used to assess the evidence for making recommendations.

Results: The literature search resulted in 81 studies that met inclusion criteria; all 81 studies provided data suitable for statistical analyses. These data
demonstrate that actigraphy provides consistent objective data that is often unique from patient-reported sleep logs for some sleep parameters in adult

and pediatric patients with suspected or diagnosed insomnia, circadian rhythm sleep-wake disorders, sleep-disordered breathing, central disorders of
hypersomnolence, and adults with insufficient sleep syndrome. These data also demonstrate that actigraphy is not a reliable measure of periodic limb
movements in adult and pediatric patients. The task force provided a detailed summary of the evidence along with the quality of evidence, the balance of
benefits and harms, patient values and preferences, and resource use considerations.
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INTRODUCTION

This systematic review is intended to provide supporting evi-
dence for a clinical practice guideline on the use of actigraphy
in patients with suspected or diagnosed sleep disorders or cir-
cadian rhythm sleep-wake disorders,' and update the evidence
review conducted for the previously published American Acad-
emy of Sleep Medicine (AASM) practice parameters on the
use of actigraphy in these populations.? The scientific literature
summarized in prior practice parameters established the valid-
ity of actigraphy to assess sleep in healthy individuals and se-
lect groups of patients. The objective of this systematic review
is to examine the clinical value of actigraphy in the assessment
and treatment of patients with suspected or diagnosed sleep dis-
orders and circadian rhythm sleep-wake disorders (CRSWDs).
The review focuses exclusively on clinical grade devices ap-
proved by the FDA as an actigraph or equivalent device that
uses an accelerometer to measure limb activity associated with
movement during sleep for physiologic applications. The re-
view does not cover consumer wearable devices,? or other non-
prescription devices directly marketed to consumers.
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BACKGROUND

Actigraphy is a procedure that records and integrates the oc-
currence and degree of limb movement activity over time.
Actigraphic devices can be worn on the wrist, ankle or waist,
relatively unobtrusively over a period of days to weeks. For
sleep applications, the devices are typically worn on the wrist
or ankle. Mathematical algorithms are then applied to these
data to estimate wakefulness and sleep. In addition to provid-
ing a graphical summary of wakefulness and sleep patterns
over time (ie, temporal raster plots), actigraphy generates es-
timates of certain sleep parameters that are also commonly
estimated by using sleep logs, or measured directly by poly-
somnography (PSG), the gold standard measure of sleep. The
sleep parameters estimated by actigraphy, in common with
standard sleep logs, include: sleep latency (SL); total sleep time
(TST); wake after sleep onset (WASO); and sleep efficiency
(SE; SE = TST / time in bed). Unlike PSG, actigraphy does not
provide estimates of sleep architecture, as information related
to the staging of non-rapid eye movement (NREM) sleep and
rapid eye movement (REM) sleep is generally not available,
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and requires electroencephalogram (EEG), electrooculography
(EOQG), and electromyography (EMG). Similarly, actigraphy
does not provide information related to respiratory function.

Actigraphy devices available for clinical use generally in-
clude a piezoelectric or a microelectromechanical systems ac-
celerometer. The devices have storage to enable transfer of the
resulting values into an interface (usually via USB or serial
port) and to program the timing mechanism. Many devices
also have at least one event button that can be used by the
wearer to document select events (eg, drowsiness, bed time).
Some actigraphy devices also have light sensors for detecting
white light or specific wavelengths of light.

Several factors have been identified as important for the
reliable and valid use of actigraphy to measure certain sleep
parameters.* These include: (1) technical features of the device
(eg, tri-axial versus dual or single axis accelerometers); (2)
software driven data acquisition settings (eg, sampling rates
and sensitivity settings); (3) location of device placement’; (4)
the mathematical algorithms used to estimate sleep/wake®; (5)
clinical features of the population being studied, (6) utiliza-
tion of a standardized scoring approach to setting rest activity
intervals; and (7) training of patients in data collection proce-
dures.” Standardized information on the technical aspects of
actigraphy as well as analysis and interpretation procedures
for clinical and research use have recently been published.® It
is important to note that the basic technology in products sold
“direct to consumers” may differ significantly from what is
available for clinical application. At the present time, data are
not adequate to suggest that consumer products can be used as
areplacement for clinical devices using validated sleep scoring
algorithms, technologies, and procedures.

In clinical practice, patients or caregivers are sometimes
asked to estimate and record certain sleep parameters and
related information manually through daily sleep logs. Sleep
logs provide critically important clinical information about the
patient’s subjective experience. However, when used as a sole
assessment tool, sleep logs have some inherent and significant
limitations, including: (1) they are subject to bias; (2) some-
times they cannot be completed accurately by patients with
cognitive limitations or by infants and children; and (3) they
may not be completed because they are cumbersome for many
patients and caregivers. In contrast, actigraphy is a relatively
passive, objective procedure that involves the use of a non-
obtrusive monitor with a low device failure rate. Actigraphy is
relatively inexpensive, patient adherence is typically good, and
it can provide useful diagnostic information and data regard-
ing treatment response. Actigraphy scoring software typically
provides graphical detail about certain sleep parameters and
patterns that can be communicated to patients and referring
providers in simple, understandable terms.

The role of actigraphy may vary based on the specific sleep
disorder and sleep assessment procedure. With respect to in-
somnia disorder, for example, actigraphy may be more useful
as an adjunct to sleep logs (the reference standard for insom-
nia) or as a standalone procedure in special instances where re-
liable self-report is not feasible, such as young children ranging
to identify sleep disruption in psychiatric, neurodevelopmen-
tal, medical, and sleep disorders. The sleep patterns of patients
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with insomnia are characterized by high night-to-night vari-
ability.” Concurrent actigraphy and sleep log collection pro-
vides information about that variability as well as the degree
and pattern of discrepancy between the 2 types of assessment
(ie, objective versus subjective).'®!! Such information is useful
for both diagnosis and treatment planning, for example, with
respect to identifying and treating paradoxical insomnia.

In patients with suspected or diagnosed CRSWD, character-
izing sleep across multiple 24-hour periods is essential for both
adult and pediatric populations. Actigraphy-generated tempo-
ral raster plots can be extremely useful in visually depicting
changing periodicities associated with circadian dysrhythmia,
which can facilitate accurate diagnosis. This is true for mul-
tiple, specific CRSWDs, and also for differential diagnosis
when the type of CRSWD is not clear based on clinical his-
tory alone. This is particularly critical as the treatment itself
must be tailored to the precise CRSWD. For example, the tim-
ing of light exposure or melatonin administration is dependent
upon precise estimates of intrinsic circadian phase. Actigraphy
may also be a viable method for documenting disturbed sleep/
wake patterns in individuals with shift work sleep disorder.
The ability of actigraphy software to show time-based rela-
tions and easily identify shifting trends in bedtimes and wake
times make it an especially useful tool for the assessment of
multiple CRSWDs.

Actigraphy may also play a role when administration of a
home sleep apnea test (HSAT) is appropriate in adult popula-
tions."” For gold standard sleep apnea assessment, PSG is used
to measure the apnea-hypopnea index (AHI) as determined by
the number of respiratory events X 60 divided by the TST in
minutes. HSAT refers to a study performed to diagnose sleep-
related breathing disorders such as obstructive sleep apnea
(OSA), generally without direct determination of sleep versus
wake or of sleep stages. The use of the respiratory event index
(REI) was introduced to be used for HSATs that do not record
sleep by EEG, EOG and EMG. The REI describes the total
number of respiratory events scored x 60 divided by monitor-
ing time. HSAT devices that do not have any mechanism for re-
moving the wake time from the denominator in the calculation
use total recording time (TRT) in determining the REI. De-
vices that use TRT in the index calculation are likely to under-
estimate the severity of the sleep-disordered breathing (SDB)
and may result in increased false negatives. HSAT devices that
use built-in actigraphy with the ability to eliminate wake and
artifact time in estimating sleep time, therefore, may improve
the diagnostic accuracy of the REIL

Actigraphy may be especially useful in documenting in-
sufficient sleep both for the purpose of improving the inter-
pretation of the Multiple Sleep Latency Test (MSLT) in adult
and pediatric patients with suspected central disorders of hy-
persomnolence and for assessing insufficient sleep syndrome
(ISS). Objective measurement may be especially important in
facilitating treatment of the sometimes complex medical and
occupational risks associated with ISS.

Some studies have sought to evaluate whether actigraphy
worn on the ankles might provide a reasonable estimate of pe-
riodic limb movements in adult and pediatric patients, although
it is increasingly clear that additional measures of arousal may
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Table 1—PICO questions.

1. Inadult patients with suspected insomnia disorder, does actigraphy improve the assessment of sleep parameters and treatment response

compared to sleep logs alone?

2. In adult patients with suspected circadian rhythm sleep-wake disorders, does actigraphy improve the assessment of sleep parameters and

treatment response compared to sleep logs alone?

3. In adult patients with suspected sleep-related breathing disorder, does concurrent actigraphy improve the measurement of SDB severity
during home sleep apnea testing by providing an estimate of total sleep time during recording?

4. In patients with suspected central disorders of hypersomnolence, does actigraphy estimation of TST prior to the MSLT improve the

diagnostic accuracy of the MSLT compared to sleep logs alone?

5. In patients with suspected periodic limb movement disorder, is lower extremity actigraphy a clinically acceptable alternative to lower
extremity EMG for estimating periodic limb movement disorder severity?

6. Among individuals at risk for insufficient sleep syndrome, is actigraphy useful in the assessment of total sleep time and measurement of

intervention response?

7. Ininfants and young children and adolescents with suspected sleep or circadian rhythm sleep-wake disorders, does actigraphy improve
assessment of sleep parameters and treatment response compared to sleep logs and/or caregiver report alone?*

* = the results of this PICO question are presented in the text, organized by insomnia and CRSWD. CRSWD = circadian rhythm sleep-wake disorder,
EMG = electromyography, MSLT = Multiple Sleep Latency Test, PICO = Patient, Intervention, Comparison, and Outcomes, SDB = sleep-disordered

breathing, TST = total sleep time.

Table 2—*Critical” outcomes by patient population.

TST SL WASO SE Accuracy* PLMSI Sleep Onset | Sleep Offset
Adult Patients
Insomnia v v v v
CRSWD v v
HSAT v v
MSLT v
PLMD v v
ISS v
Pediatric Patients
Insomnia v v v v
CRSWD v v v v
MSLT v
PLMD v v

* = accuracy encompasses sensitivity, specificity, and accuracy. CRSWD = circadian rhythm sleep-wake disorders, HSAT = home sleep apnea test,
ISS = insufficient sleep syndrome, MSLT = Multiple Sleep Latency Test, PLMD = periodic limb movement disorder, PLMSI = periodic limb movement of
sleep index, SE = sleep efficiency, SL = sleep latency, TST = total sleep time, WASO = wake after sleep onset.

be important in evaluating the clinical significance of periodic
limb movement during sleep.

METHODS

Expert Task Force

The AASM commissioned a task force (TF) of sleep medicine
clinicians with expertise in the use of actigraphy in patients
with suspected sleep disorders to develop this systematic re-
view. The TF was required to disclose all potential conflicts
of interest (COI) according to the AASM’s COI policy prior
to being appointed to the TF, and throughout the development
of this document. In accordance with the AASM’s conflicts
of interest policy, TF members with a Level 1 conflict were

Journal of Clinical Sleep Medicine, Vol. 14, No. 7

1211

not allowed to participate. TF members with a Level 2 conflict
were required to recuse themselves from any related discussion
or writing responsibilities. All relevant conflicts of interest are
listed in the Disclosures section.

PICO Questions

PICO (Patient, Intervention, Comparison, and Outcomes)
questions were developed by the TF after a review of the exist-
ing AASM practice parameters on the use of actigraphy,? and
a review of relevant systematic reviews, meta-analyses, and
guidelines published since June 2005. To develop the PICO
questions, the TF identified sleep disorders for which actigra-
phy may provide clinically useful information (summarized in
Table 1), and the clinically relevant outcomes that actigraphy
provides for each sleep disorder (summarized in Table 2). The
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Table 3—Clinical significance thresholds for the minimum allowable mean difference between actigraphy versus sleep log or

caregiver report.

_TST .SL V\_IASO SOE Accuracy* PLMSI SIeep Onset Slee.p Offset
(minutes) (minutes) (minutes) (%) (events/h) (minutes) (minutes)

Adult Patients

Insomnia 20 15 15 25 - - - -
CRSWD - - - - - - 20 20
HSAT N/A - - - N/A - - -
MSLT t 20 - - - - - - -
PLMD - - - - N/A N/A - -

ISS 20 - - - - - - -
Pediatric Patients

Insomnia 25 20 20 5 - - - -
CRSWD 25 20 - - - - 25 25
MSLT t 20 - - - - - - -
PLMD - - - - N/A N/A - -

The thresholds in this table represent the minimum allowable mean difference; a mean difference greater than these thresholds indicates a need for objective
reporting of sleep parameters. * = accuracy encompasses sensitivity, specificity, and accuracy. T = measurements prior to MSLT. CRSWD = circadian
rhythm sleep-wake disorder, HSAT = home sleep apnea test, ISS = insufficient sleep syndrome, MSLT = Multiple Sleep Latency Test, PLMD = periodic
limb movement disorder, PLMSI = periodic limb movement of sleep index, SE = sleep efficiency, SL = sleep latency, TST = total sleep time, WASO = wake

after sleep onset.

Figure 1—Hypothetical mean difference of actigraphy
versus sleep log measurements (clinically significant).

gtk

—~l—

Any mean difference on Mean is not
this side of the threshold clinically
is clinically significant. significant

AASM Board of Directors approved the final list of questions
before the literature searches were performed.

The TF compared actigraphy to both sleep logs and PSG
to determine whether actigraphy provides information that is
consistent with PSG and also distinct from patient-reported
data. The TF set two different sets of clinical significance
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thresholds (CST) for each outcome and PICO to determine
if the data provided by actigraphy was clinically significant.
The first CSTs were set for comparisons of actigraphy to
sleep logs and was defined as the minimum allowable mean
difference between the measurements. When comparing ac-
tigraphy to sleep logs, a mean difference greater than these
thresholds indicates a clinically meaningful difference and
a need for objective reporting of sleep parameters. A sum-
mary of these CSTs is presented in Table 3; a graphical rep-
resentation of these thresholds is presented in Figure 1. The
second CSTs were set for comparisons of actigraphy to PSG
and were defined as the maximum allowable 95% confidence
interval (CI) for the mean difference (unless otherwise noted
in Table 4). When comparing actigraphy to PSG, a 95% CI
within these thresholds indicates that actigraphy provides a
sufficiently narrow range of possible mean differences rela-
tive to PSG, and therefore provides consistent objective mea-
surements for reporting of sleep parameters. A summary of
these CSTs is presented in Table 4; a graphical representa-
tion of these thresholds is presented in Figure 2. The CSTs
were established prior to analysis based on the clinical judge-
ment and experience of the TF and informed by the literature.
Larger CSTs were established for pediatric populations due
to increased measurement error associated with caregiver re-
port, and both PSG and self-report sleep diary alternatives
pose additional challenges for some pediatric populations,
such as those with developmental disabilities, which likely
increase measurement error. In addition, there is more vari-
ability across pediatric patients based on age and other fac-
tors. The TF endeavored to balance the need for accuracy,
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Table 4—Clinical Significance Thresholds for the maximum allowable 95% CI of the mean difference between actigraphy

versus PSG.
_TST .SL V\_IASO SOE Accuracy* PLMSI SIeep Onset Slee.p Offset
(minutes) (minutes) (minutes) (%) (events/h) (minutes) (minutes)

Adult Patients

Insomnia 40 30 30 5 - - - -
CRSWD - - - - - - 40 40
HSAT 401 - - - 75§ - - -
MSLT t 401 - - - - - - -
PLMD - - - - 75§ 5% - _

ISS 30 - - - - - - -
Pediatric Patients

Insomnia 50 40 40 10 - - - -
CRSWD 50 40 - - - - 50 50
MSLT t 40% - - - - - - _
PLMD - - - - 758§ 1.75% - -

The thresholds in this table represent the maximum allowable 95% CI for mean difference (unless otherwise noted); a 95% CI within these thresholds
indicates that actigraphy provides consistent objective measurements relative to PSG. * = accuracy encompasses sensitivity, specificity, and accuracy.
T = measurements prior to MSLT. f = thresholds apply to both the maximum allowable mean difference and the maximum allowable 95% ClI. § = thresholds
for accuracy of % cutoffs, rather than maximum allowable 95% CI for mean difference. Cl = confidence interval, CRSWD = circadian rhythm sleep-wake
disorder, HSAT = home sleep apnea test, ISS = insufficient sleep syndrome, MSLT = Multiple Sleep Latency Test, PLMD = periodic limb movement disorder,
PLMSI = periodic limb movement of sleep index, PSG = polysomnography, SE = sleep efficiency, SL = sleep latency, TST = total sleep time, WASO = wake

after sleep onset.

care giver burden, and the differential sleep needs of pediatric
groups relative to adults.

Literature Searches, Evidence Review and
Data Extraction
Literature searches were performed using the PubMed and
Embase databases for individual questions. A combination of
MeSH terms and keywords listed in the supplemental mate-
rial were used. The databases were searched from June 1, 2005
through January 10, 2018 for any relevant literature published
since the 2007 guideline literature search was performed. The
articles that were cited in the 2007 AASM practice parame-
ters were included if they met the study inclusion criteria. In
addition, the task force reviewed all AASM guidelines pub-
lished since 2006, to identify additional references that may
be relevant to actigraphy. The limits of the searches (requiring
all listed criteria to be met) were: humans, English, all adults
(with the exception of questions 4, 5, and 7), and randomized
controlled trial (RCT) or observational studies. A total of 3,073
citations were identified from both databases, and 37 studies
were identified in the other AASM practice parameters.
Articles were included for review and possible data extrac-
tion if they focused on patient assessment or monitoring of
treatment response for a sleep disorder with actigraphy, sleep
logs and/or PSG; addressed at least one of the PICO questions;
and included one of the outcomes of interest. Articles were ex-
cluded if they focused on actigraphy not related to sleep; were
not RCTs or observational studies; were duplicates; involved
non-human subjects; involved subjects without a suspected
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Figure 2—Hypothetical range of mean differences
of actigraphy versus PSG measurements (clinically
significant).

95% Cl is Any 95% ClI within 95% Cl is
not clinically this threshold is not clinically
significant clinically significant. significant

Cl = confidence interval, PSG = polysomnography.

or diagnosed sleep or circadian rhythm sleep-wake disorder;
used actigraphy to monitor treatment response of a comorbid
condition; or used actigraphy as a measurement tool, but did
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Figure 3—Evidence base flow diagram.

3,073 studies identified through PubMed and Embase
+ Search 1: June 1, 2005 to July 29, 2013
+ Search 2: July 29, 2013 to September 9, 2014
+ Search 3: September 10, 2014 to April 6, 2016
+ Search 4: April 7, 2016 to February 16, 2017
+ Search 5: February 17, 2017 to January 10, 2018

37 studies identified from other AASM practice
parameters

3,110 studies reviewed for inclusion/exclusion criteria

81 studies included in evidence base for
recommendations

4 N\
3,029 studies excluded.
Reason for exclusion:
Not related to sleep
Not related to actigraphy
Wrong publication type
Duplicate study
No human subjects
Does not provide evidence for any PICO question
No suspected or diagnosed sleep disorder or CRSWD
Used actigraphy to monitor treatment response to
comorbidity, not a sleep disorder or CRSWD

. /
~

81 studies included in statistical analysis

/

AASM = American Academy of Sleep Medicine, CRSWD = circadian rhythm sleep-wake disorder, PICO = Patient, Intervention, Comparison, and Outcomes.

not provide evidence for any PICO questions. Studies were
also excluded if they did not present data for any of the criti-
cal outcomes and/or did not present data in a format suitable
for statistical analysis. A total of 81 articles from the literature
searches were accepted and considered for meta-analysis and
evidence grading. Specific data elements of all accepted stud-
ies were extracted into evidence tables (not published) to ad-
dress each clinical question. Upon review of these articles, 81
studies were determined to be suitable for meta-analysis and/or
the Grading of Recommendations Assessment, Development
and Evaluation (GRADE) process. An evidence base flow dia-
gram is presented in Figure 3.

Meta-Analysis and Interpretation of

Clinical Significance

Meta-analyses were performed on outcomes of interest for each
PICO question. Review Manager 5.3 software (The Cochrane
Collaboration, London, United Kingdom) was used to compare
the use of actigraphy versus sleep logs and actigraphy versus
PSG for the assessment of sleep parameters and of treatment
response in patients with various sleep disorders. All analyses
were performed using the random effects model with results
displayed as a forest plot. Meta-analyses were performed when
at least 5 studies were available by pooling data across studies
for each relevant outcome of interest for each PICO (studies
for PICO 7 were grouped by patient population). When 3-4
studies were available, meta-analyses were performed at the

Journal of Clinical Sleep Medicine, Vol. 14, No. 7

discretion of the task force. For several questions, there was
insufficient evidence to perform meta-analyses for certain
comparisons and outcome measures. In these cases, studies are
described individually.

For the assessment of sleep parameter estimates, the mean
differences in baseline sleep parameter measurements from ac-
tigraphy, sleep logs and PSG were determined by pooling both
intervention and non-intervention studies. (For simplicity, the
term “baseline” is used in the text to describe all data extracted
for the pre-intervention phase of interventional studies and the
initial assessment time point for cross sectional studies.) For
the assessment of treatment response, given the limited num-
ber of treatment outcome studies identified, the heterogeneity
of intervention types and assessment time points, the task force
was not able to evaluate whether actigraphy was sensitive to
change relative to sleep logs or PSG. Instead, the TF analyzed
the mean difference of posttreatment measurements from ac-
tigraphy, sleep logs and PSG. The pooled results for each con-
tinuous outcome measure are expressed as the mean difference
between the intervention and comparator. The results of the
meta-analyses are presented in the supplemental material.

Interpretation of clinical significance for the outcomes of in-
terest was conducted in two different ways. First, by comparing
the mean difference in measurements of actigraphy and sleep
logs against their CSTs (Table 3). Next, by comparing the 95%
CI of the mean difference of actigraphy versus PSG measure-
ments to their CSTs (Table 4). For comparisons of actigraphy
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to sleep logs, the CST was defined as the minimum allowable
mean difference between the measurements; a mean difference
greater than the threshold demonstrates that actigraphy provides
unique information from sleep logs, and objective measure-
ments are warranted (see Figure 1, which shows an example
of a clinically significant mean difference). For comparisons
of actigraphy to PSG, the CST was defined as the maximum
allowable 95% CI for the mean difference between actigraphy
and PSG (unless otherwise noted in Table 4); a 95% CI within
the threshold demonstrates that actigraphy provides a suffi-
ciently narrow range of possible mean differences relative to
PSG (regardless of the mean difference, unless otherwise noted
in Table 4). A sufficiently narrow range of mean differences
indicates that actigraphy provides consistent objective mea-
surements relative to PSG, and may be useful as an objective
measurement of sleep parameters (see Figure 2, which shows
an example of a sufficiently narrow range of mean differences).

Detailed reviews of the evidence and clinical significance
of the findings for all critical outcomes are provided for each
PICO question.

GRADE Assessment for Developing Recommendations
The evidence was assessed according to the GRADE process
for the purposes of making clinical practice recommenda-
tions."* The TF considered the following four GRADE do-
mains: quality of evidence, balance of beneficial and harmful
effects, patient values and preferences, and resource use, as
described below:

1. Quality of evidence: based on an assessment of the
overall risk of bias (randomization, blinding, allocation
concealment, selective reporting), imprecision (95% CI
relative to the CST, sample size < 200), inconsistency
and indirectness (study population), and risk of
publication bias (funding sources), the TF determined
their overall confidence that the estimated differences
in measurements found in the body of evidence were
representative of the true differences in measurements
that patients would experience. The overall quality of
the evidence was based on all outcomes that the TF
deemed critical for decision making.

2. Benefits versus harms: based on any harms/side
effects reported within the accepted literature, and the
clinical expertise of the TF, the TF determined if the
beneficial outcomes of using actigraphy outweighed
any harms. Benefits versus harms compared to
alternative measurement tools was also considered.

3. Patient values and preferences: based on the clinical
expertise of the TF members and any data published on
the topic relevant to patient preferences for actigraphy,
the TF determined if patient values and preferences
would be consistent across the majority of patients,
and if patients would use actigraphy based on the
body of evidence.

4. Resource use: based on the clinical expertise of the
TF members, the TF determined if accessibility and
costs associated with actigraphy compared favorably to
alternative measurement tools. Information on both costs
to patients and to the health care system were considered.

Journal of Clinical Sleep Medicine, Vol. 14, No. 7
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A summary of each GRADE domain is provided after the de-
tailed evidence review for each PICO question.

Public Comment and Final Approval

Drafts of the systematic review and accompanying guideline
were made available for public comment for a two-week period
on the AASM website. AASM members, the general public
and other relevant stakeholders were invited to provide feed-
back on the drafts. The TF took into consideration all the com-
ments received and made decisions about whether to revise
the draft based on the scope and feasibility of comments. The
public comments and revised documents were submitted to the
AASM Board of Directors who subsequently approved the fi-
nal documents for publication.

The AASM expects this systematic review to have an im-
pact on professional behavior, patient outcomes, and, possibly,
health care costs. This review reflects the state of knowledge
at the time of publication and will be reviewed and updated as
new information becomes available.

THE USE OF ACTIGRAPHY

The aims of the current systematic reviews and data analyses
were to address 7 PICO questions pertaining to the use of actig-
raphy relative to sleep logs and/or PSG across a wide range of
clinical populations, and in conjunction with HSAT and MSLT.
While sufficient data were available for meta-analyses for most
PICO questions, there are caveats that should be considered
with respect to interpreting the results. With regard to sleep pa-
rameters, the TF noted variability across studies with respect
to definitions and technical details such as algorithms and
sensitivity threshold settings used or reported. As is common
practice, many studies utilized information noted by the patient
in a sleep log for the analysis and interpretation of actigraphy-
estimated sleep parameters. This is important particularly with
respect to determining bedtime (“lights off”’) to calculate SL.
Other studies relied completely on actigraphy algorithms to
estimate SL, while some studies failed to report these details.
The TF decided not to analyze the number of nightly awaken-
ings as a sleep parameter of interest, since actigraphy typically
identifies numerous isolated brief awakenings lasting less than
a minute (eg, 30 seconds), which are common even in normal
sleep and often not perceived, remembered or retrospectively
reported by patients. Diary measures of awakenings likely re-
flect a distinct construct related to consolidated frank awaken-
ings, which are not consistently defined or reported in standard
software to date, making comparison across devices and sleep
log estimates of questionable utility. The TF also cautions that
generalizability of some of the meta-analytic findings may be
limited due to a small number of studies meeting the inclusion/
exclusion criteria and/or patients across studies. Generaliz-
ability to the broad spectrum of sleep disorder patients seen in
clinical settings may also be limited by heterogeneity across
sleep disorder severity and subpopulations with clinical co-
morbidities, both of which may influence validity.

Below are detailed summaries of the evidence identified in
the literature searches and the statistical analyses performed
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by the task force. Each evidence summary is accompanied by
a discussion of the quality of evidence, balance of benefits and
harms, patient values and preferences, and resource use con-
siderations that contributed to the development of the recom-
mendations, which are provided in the accompanying clinical
practice guideline.'

Use of Actigraphy in the Evaluation of

Insomnia in Adults

Our review of the literature identified 46 studies''" that used
actigraphy concurrent with sleep logs and/or PSG in adults
with suspected or diagnosed insomnia. Both non-intervention
and intervention studies met the eligibility criteria and were in-
cluded. The number of studies included in the analyses varied
by sleep parameter and whether the comparison was to sleep
logs or PSG. Overall, more studies were identified that pro-
vided comparisons of actigraphy to sleep logs than to PSG.

The data for examining the use of actigraphy for assess-
ment were either based on a single night or drawn from the
baseline periods of intervention trials with insomnia and rep-
resent sleep parameter values averaged over 1 to 2 weeks.
Similarly, data for analyses examining the use of actigraphy to
assess treatment response were either based on a single night
or were drawn from sleep parameter values averaged over 1 to
2 weeks following treatment. The vast majority of the inter-
vention studies reviewed involved 1 or more components of
cognitive-behavioral treatment for insomnia. Due to the num-
ber of studies identified, they are not individually described
here. A summary of the study characteristics can be found in
the supplemental material.

The meta-analyses and figures are provided in the supple-
mental material, Figure Sla through Figure S8b. Summary
of findings tables are provided in the supplemental material,
Table Sla through S2b. A summary of the evidence for each
outcome is provided below.

Total Sleep Time

A meta-analysis of 40 studies'-'35%35"5 compared actig-
raphy to sleep logs for the assessment of TST (Figure Sla).
The meta-analysis showed a clinically significant mean differ-
ence of 37.40 minutes higher (95% CI: 22.14 to 52.67 minutes
higher) TST as assessed by actigraphy compared to sleep logs.
This difference indicates actigraphy and sleep logs provide dis-
tinct information when assessing TST. The quality of evidence
was moderate due to imprecision.

A meta_analysis Of 15 studiesl5,l6,18,20—22,24,27,33,39—41,43,46,56 com-
pared actigraphy to PSG for the assessment of TST in patients
with suspected or diagnosed insomnia. See supplemental ma-
terial, Figure S1b. The meta-analysis showed a clinically sig-
nificant range of possible mean differences of 35.12 minutes
(95% CI: 8.07 minutes lower to 27.05 minutes higher) with an
overall mean difference of 10.14 minutes. This range is nar-
row enough that actigraphy can be reliably used to provide an
objective assessment of TST for the purpose of making clinical
care decisions. The quality of evidence was high.

A meta-analysis of 30" studies compared actigraphy
to sleep logs for the assessment of treatment response in TST
(Figure S5a). The meta-analysis demonstrated a clinically
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insignificant mean difference in TST measured by actigraphy
of 8.10 minutes higher (95% CI: 9.23 minutes lower to 25.42
minutes higher) as compared to logs. This small difference
indicates actigraphy and sleep logs provide similar measure-
ments of treatment-related changes in TST. The quality of evi-
dence was moderate due to imprecision.

A meta-analysis of 7 studies?™**3-44346 compared actigra-
phy to PSG for the assessment of treatment response in TST
(Figure S5b). The meta-analysis demonstrated a clinically
insignificant range of possible mean differences of 83.4 min-
utes (95% CI: 37.1 minutes lower to 46.3 minutes higher) with
an overall mean difference of 4.6 minutes. This large range
indicates actigraphy and PSG provide distinct information
and should not be used interchangeably for the assessment of
treatment-related changes in TST. The quality of evidence was
moderate due to imprecision.

Sleep Latency

A meta—analysis Of 36 studiesl1,l5—22,24,2(7,28—32‘34—42,44—50,53‘55,56,59
compared actigraphy to sleep logs for the assessment of SL
(Figure S2a). The meta-analysis showed a clinically signifi-
cant mean difference in SL measured by actigraphy of 23.99
minutes lower (95% CI: 27.29 to 20.69 minutes lower) as com-
pared to sleep logs. This difference indicates actigraphy and
sleep logs provide distinct information when assessing SL. The
quality of evidence was high.

A meta-analysis of 12 studies'!6:18:20-22.24.39-414656 compared
actigraphy to PSG for the assessment of SL (Figure S2b). The
meta-analysis showed a clinically significant range of possible
mean differences of 6.78 minutes (95% CI: 2.29 to 9.07 minutes
lower) with a mean difference of 6.17 minutes. This range is
narrow enough that actigraphy can be reliably used to provide
an objective assessment of SL for the purpose of making clini-
cal care decisions. The quality of evidence was high.

A meta-analysis of 27 studies'!26.28-3234-4244-50.53.55.58.59 com-
pared actigraphy to sleep logs for the assessment of treatment
response in SL (Figure S6a). The meta-analysis demonstrated
a clinically insignificant mean difference in SL measured by
actigraphy of 10.55 minutes lower (95% CI: 8.20 to 12.90 min-
utes lower) as compared to sleep logs. This small difference
indicates actigraphy and sleep logs provide similar measure-
ments of treatment-related changes in SL. The quality of evi-
dence was high.

Four studies*~#4¢ compared actigraphy to PSG for the as-
sessment of treatment response in SL (Figure S6b). All stud-
ies reported a clinically significant range of possible mean
differences, with the largest range of differences being 29.8
minutes (95% CI: 12.1 minutes lower to 17.7 minutes higher).
This small range indicates actigraphy and PSG provide similar
information for the assessment of treatment-related changes in
SL. The quality of evidence was moderate due to imprecision
due to small sample size.

Wake After Sleep Onset

A meta_analysis Of 34 studiesl1‘15—23,25,27,28,30—32,34—43,46—50‘53,55,59
compared actigraphy to sleep logs for the assessment of WASO
(Figure S3a). The meta-analysis showed a clinically insignifi-
cant mean difference in WASO measured by actigraphy of 5.65
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minutes lower (95% CI: 14.81 minutes lower to 3.51 minutes
higher) as compared to sleep logs. This difference indicates
actigraphy and sleep logs do not provide distinct information
when assessing WASO. The quality of evidence was high.

A meta-analysis of 12 studies'®!®18.20-22.27.39-414346 compared
actigraphy to PSG for the assessment of WASO (Figure S3b).
The meta-analysis showed a clinically insignificant range of
possible mean differences of 33.22 minutes (95% CI: 13.68
minutes lower to 19.54 minutes higher), with a mean difference
of 1.5 minutes. This large range indicates actigraphy cannot be
reliably used to provide an objective assessment of WASO that
is comparable with PSG. The quality of evidence was down-
graded to moderate due to imprecision.

A meta_analysis Of 26 studiesl1,25,27,28,30—32,34—43,46—50,53,55,58,59
compared actigraphy to sleep logs for the assessment of treat-
ment response in WASO (Figure S7a). The meta-analysis
demonstrated a clinically insignificant mean difference in
WASO measured by actigraphy of 11.47 minutes higher (95%
CI: 0.58 minutes lower to 23.51 minutes higher) as compared
to sleep logs. This small difference indicates actigraphy and
sleep logs provide similar measurements of treatment-related
changes in WASO. The quality of evidence was moderate due
to imprecision.

A meta-analysis of 6 studies?”¥-#4346 compared actigraphy
to PSG for the assessment of treatment response in WASO
(Figure S7b). The meta-analysis demonstrated a clinically in-
significant range of possible mean difference in WASO mea-
sured by actigraphy as compared to PSG of 86.0 minutes (95%
CI: 53.2 minutes lower to 32.8 minutes higher) with a mean
difference of 10.2 minutes. This large range indicates actig-
raphy and PSG provide distinct information and cannot be
used interchangeably for the assessment of treatment-related
changes in WASO. The quality of evidence was moderate due
to imprecision.

Sleep Efficiency

A meta_analysis Of 34 Studiesl1,I5,16,18—20,23‘25,28—43,46—5|,53,55,57,59
compared actigraphy to sleep logs for the assessment of SE
(Figure S4a). The meta-analysis showed a clinically signifi-
cant mean difference in SE measured by actigraphy of 7.5%
higher (95% CI: 5.1% to 10.0% higher) as compared to sleep
logs. This difference indicates actigraphy and sleep logs pro-
vide distinct information when assessing SE. The quality of
evidence was high.

A meta-analysis of 9 studies!>!6:18:20.33.39-4146 compared ac-
tigraphy to PSG for the assessment of SE (Figure S4b). The
meta-analysis showed a clinically insignificant range of pos-
sible mean differences of 7.8% (95% CI: 4.9% lower to 3.0%
higher), with a mean difference of 1%. This large range indi-
cates actigraphy cannot be reliably used to provide an objective
assessment of SE that is comparable with PSG. The quality of
evidence was moderate due to imprecision.

A meta-analysis of 30 studies!! 2328 4346-5L53-555759 compared
actigraphy to sleep logs for the assessment of treatment re-
sponse in SE (Figure S8a). The meta-analysis demonstrated
a clinically insignificant mean difference in SE measured by
actigraphy of 2.1% higher (95% CI: 0.6% lower to 4.8% higher)
as compared to sleep logs. This small difference indicates
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actigraphy and sleep logs provide similar measurements of
treatment-related changes in SE. The quality of evidence was
moderate due to imprecision.

A meta-analysis of 5 studies®*3**#4¢ compared actigra-
phy to PSG for the assessment of treatment response in SE
(Figure S8b). The meta-analysis demonstrated a clinically in-
significant range of possible mean difference in SE measured
by actigraphy as compared to PSG of 7.9% (95% CI: 0.2% to
8.1%), with a mean difference of 4.2%. This large range in-
dicates actigraphy and PSG provide distinct information and
cannot be used interchangeably for the assessment of treat-
ment-related changes in SE. The quality of evidence was mod-
erate due to imprecision.

Overall Quality of Evidence

The quality of evidence for actigraphy for both assessment and
the evaluation of treatment response for critical clinical out-
comes for insomnia was moderate to high depending on the
outcome. The reason for downgrading the quality of evidence
for some comparisons or outcomes was imprecision. Thus, the
overall quality of evidence was moderate.

Benefits Versus Harms

Actigraphy may be useful to assess TST and SL in patients
with suspected and diagnosed insomnia disorder and provides
a consistent measure of SL, compared to PSG. Benefits include
convenience and relatively low patient burden. Another conve-
nience relative to PSG is that actigraphy requires considerably
less time to prepare the patient and the patient can remove the
actigraphy device as easily as taking off a watch. The ability
of actigraphy to provide relatively low burden, and longitu-
dinal assessment of sleep patterns and response to treatment
is another benefit. Actigraphy-derived short sleep in patients
with insomnia is associated with negative health outcomes
(eg, cardiometabolic risk, hypertension, depression).®-¢* Thus,
actigraphy may provide additional benefits for certain patient
subgroups, including those with suspected paradoxical insom-
nia or at risk for cardiometabolic and other medical and psy-
chiatric comorbidities impacted by short sleep duration. These
benefits must be weighed against the potential for harm. The
TF determined that there were no clinically significant and
undesirable outcomes associated with actigraphy. Therefore,
the TF determined that if actigraphy is used in the context de-
scribed in the recommendation and remarks, the risk of harm
is minimized and the probability of clinical benefits increased.

Patient Values and Preferences

Complaints of not getting enough sleep and difficulties fall-
ing and/or staying asleep are all primary reasons prompting
seeking of medical care. Although SL, WASO, and SE are
often the targets of treatment, TST is also a relevant outcome
for some patients. One study® showed patients with objec-
tive short TST (< 6 h/night) based on two weeks of actigra-
phy prior to treatment did not respond as well to CBT-I as
did patients with normal TST (> 6 hours). Specifically, pa-
tients with short TST on objective evaluation reported sig-
nificantly less improvement in terms of insomnia remission,
SE, WASO, and total wake time compared to patients with
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normal sleep duration at six months after treatment. Thus,
TST, SL, WASO, and SE are all sleep parameters that pa-
tients value. Patients may prefer actigraphy to completing
daily sleep logs and/or undergoing overnight PSG, given the
lower burden. Sleep logs require daily completion over mul-
tiple days. In contrast, PSG requires either an overnight stay
in the sleep center or a home-based study. Although some
individuals with insomnia often sleep better away from their
home environment where conditioning often reinforces and
perpetuates their insomnia, patients nonetheless may express
concern and anxiety regarding their ability to sleep in the lab.
For both sleep center and home-based studies, patients can
experience burden and anxiety related to both the process of
being prepared for the study and their ability to sleep while
wearing testing-related equipment. PSG is not recommended
for the routine assessment of insomnia, but may be indicated
when other sleep disorders are suspected. The TF noted that
the use of actigraphy (as reported in the studies evaluated)
did not completely eliminate the need for patients to provide
some daily self-report information, given that reported in and
out of bed times were frequently used to set the sleep win-
dow used to score data from the actigraphy device. Some pa-
tients may prefer the combined approach of completing sleep
logs and actigraphy. Some patients may object to actigraphy,
because the wrist band has the potential to aggravate sen-
sitive skin. Addressing the potential dermatological issues
(different band, lining the band) may reduce or eliminate
skin-related concerns for some patients. The TF determined
that actigraphy provides outcomes that patients value with
minimal undesired effects.

Resource Use

Actigraphy is more costly than sleep logs in terms of the techni-
cal and professional components of the service. However, these
costs are relatively low and compare favorably to the techni-
cal and professional costs associated with PSG. Economic
analyses comparing the cost-effectiveness of these devices for
the assessment of insomnia or the evaluation of treatment re-
sponse have not been conducted. The TF concluded actigra-
phy may be more cost effective if'an objective measurement of
sleep is needed.

Use of Actigraphy in the Evaluation of Insomnia in
Pediatric Populations
Our review of the literature identified a total of 5 studies
meeting inclusion criteria. Four studies® ® reported mean
differences between actigraphy and sleep logs for TST (3 stud-
ies),’67%% SL (3 studies),**¢* and WASO (3 studies).”-% Data
also included the review of one study” of non-specific sleep
disorders (including participants with insomnia) in children
with autism. We also identified 4 intervention studies®-¢*"" for
meta-analysis that reported posttreatment actigraphy and sleep
log estimates of TST (4 studies),”*7" SL (3 studies)®”*"" and
WASO 4 studies).®”®7" We also reviewed post intervention
data from the study of non-specific sleep disorders in children
with autism, reported posttreatment data on TST and SL.”
Regarding studies reporting baseline data on TST and SL,
one was a case-control study comparing young children (mean
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age = 6.6 = 1.1 years) with insomnia to healthy controls, and
healthy snorers.® The other study reported data on TST, SL
and WASO and was an RCT of group cognitive behavior ther-
apy for insomnia in adolescents.”” A single arm pilot study of
CBT-I in adolescents also reported baseline data for WASO
only (ages 11-18).% A second pilot study of modified CBT-I
in adolescents with insomnia and depression reported data on
TST, SL, and WASO.*® The study of non-specific sleep disor-
ders provided baseline data on TST and SL and was an RCT
testing the effects of a weighted blanket in children with autism
whose parents reported sleep problems (mean age = 9, range
5-16 years).””

The studies reporting posttreatment data included an RCT
of CBT-I with behavioral treatment for anxiety in children
(mean age = 9.3 + 1.9)"" two studies® 8 of CBT-I in adolescents,
and a pilot study of modified CBT-I in adolescents with insom-
nia and depression ®. Posttreatment data was also reviewed for
the RCT testing the effects of a weighted blanket in children
and adolescents with autism (mean age = 9, range 5-16 years).”
The meta-analyses and figures are provided in the supplemen-
tal material, Figure S9 through Figure S14. Summary of find-
ings tables are provided in the supplemental material, Table S3
and Table S4. A summary of the evidence for each outcome is
provided below.

Total Sleep Time

For baseline TST, all three studies® 7 met our clinical sig-
nificance threshold of 25 minutes, indicating that actigraphy
and sleep logs provide distinct information when assessing
TST. Actigraphy estimated lower TST compared to sleep logs
by a large mean difference of 119.8 minutes (95% CI: 114.4 to
25.2 minutes lower) in one study®, 27.0 minutes (95% CI: 4.1
to 49.9 minutes lower) in the second®’, and 32.0 minutes (95%
CI: 78.79 minutes lower to 14.79 minutes higher) in the third®.
One additional study of children with autism also met clini-
cal threshold, demonstrating that actigraphy estimated lower
TST compared to sleep logs by a large mean difference of 79.0
minutes (95% CI: 49.2 to 108.9 minutes lower)” (Figure S9
and Figure S28). The quality of evidence was moderate due
to imprecision.

Assessment of treatment response with meta-analysis of
four studies® "' (n = 149) demonstrated that actigraphy TST
did not meet the clinical significance threshold of 25 minutes.
Actigraphy estimated lower TST compared to sleep logs by a
mean difference of 19.14 minutes (95% CI: 46.41 minutes lower
to 8.13 minutes higher). One additional study of children with
autism’ did meet the clinical threshold, finding that actigraphy
estimated lower TST compared to sleep logs by a large mean
difference of 74.5 minutes (95% CI: 40.5 to 108.50 minutes
lower) (Figure S12 and Figure S29). These studies indicate
the actigraphy and sleep logs provide similar measurements.
The quality of evidence was moderate due to the small sample
size and imprecision.

Sleep Latency

For baseline SL, none of the three insomnia studies®®-67°
demonstrated that actigraphy-based estimates of SL met the
clinical significance threshold of 20 minutes, suggesting
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they provide similar estimates. One study®’ demonstrated a
mean difference in SL of 10.0 minutes lower (95% CI: 0.04
to 20.0 minutes lower) compared to sleep logs, the second®
demonstrated a mean difference in SL of 2.9 minutes higher
(95% CI: 1.4 to 4.4 minutes higher) compared to sleep logs,
and the third® demonstrated a mean difference of 4.0 minutes
lower (95% CI: 23.7 minutes lower to 15.7 minutes higher).
Additionally, the study of children with autism™ also failed
to reach clinical significance, demonstrating a small mean
difference of 6.60 minutes higher (95% CI: 9.7 minutes lower
to 22.9 minutes higher) compared to sleep logs (Figure S10
and Figure S28). The quality of evidence was moderate
due to imprecision.

With respect to treatment response, meta-analysis of 3 stud-
ies7#7! demonstrated that actigraphy and sleep logs yielded
similar estimates of posttreatment SL with a small mean dif-
ference in SL of 2.94 minutes higher (95% CI: 13.10 minutes
lower to 7.21 minutes higher) compared to sleep logs. Addi-
tionally, the study of children with autism™ also failed to meet
clinical significance with a small posttreatment mean differ-
ence of 18.70 minutes higher (95% CI: 3.3 to 34.1 minutes
higher) (Figure S13 and Figure S30). The quality of evidence
was moderate due to the small sample size.

Wake After Sleep Onset

The baseline studies assessing WASO,*-% demonstrated that
all three met the clinical significance threshold of 20 minutes,
suggesting that actigraphy and sleep logs provide distinct in-
formation when assessing WASO. One study®” demonstrated
that actigraphy estimated a large mean difference in WASO
of 23.0 minutes higher (95% CI: 12.8 to 33.2 minutes higher)
compared to sleep logs, the second®® demonstrated that actig-
raphy estimated a mean difference in WASO of 46.0 minutes
higher (95% CI: 35.7 to 56.3 higher) compared to sleep logs,
and the third® demonstrated a mean difference of 39.0 min-
utes higher (95% CI: 21.82 to 56.18 minutes higher) (Figure
S11). The quality of evidence was moderate due to the small
sample size.

With respect to treatment response, meta-analysis of 4 stud-
ies,”” ! demonstrated a clinically significant mean difference
in WASO of 45.72 minutes higher (95% CI: 18.46 to 72.94
minutes higher) with actigraphy compared to sleep logs, sug-
gesting that actigraphy and sleep logs provide distinct informa-
tion when assessing posttreatment WASO (Figure S14). The
quality of evidence was moderate due to imprecision and small
sample size.

Sleep Efficiency
None of the accepted studies provided data on SE.

Overall Quality of Evidence

The overall quality of evidence was moderate due to the small
sample sizes and imprecision. Given the heterogeneous na-
ture of pediatric populations in the included studies, which
ranged in age from 3 tol9, a span involving changing sleep
needs, insomnia symptom presentations and potential dis-
tinct insomnia causes, the generalizability of the findings is
significantly limited.
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Benefits Versus Harms

Potential benefits of actigraphy include increased sensitivity
over sleep logs in identifying short sleep and increased WASO,
and the ability to obtain reliable sleep parameter estimates
when many pediatric patients may be unable to reliably report
sleep parameters or when caregiver burden and accuracy is an
issue. Potential harms of actigraphy are mild and include skin
irritation. When evaluating potential benefits versus harm, the
task force considered the vulnerability of this population, the
relatively high prevalence of insomnia in pediatric popula-
tions” 7 and findings that sleep disturbance can impact growth
and development, psychological and cognitive functions and
may be an indicator of medical and psychiatric disorder.”>”>”
Although studies with PSG data were not identified meeting
our eligibility criteria, PSG validation studies have demon-
strated acceptable validity of actigraphy in infants and chil-
dren, particularly in healthy normal subjects.®** Based on
their clinical expertise, the task force determined that the po-
tential benefits of actigraphy outweighed potential harms.

Patient Values and Preferences

Although minimal data exists related to patient values and pref-
erences on the use of actigraphy versus sleep logs for assessing
insomnia in pediatric populations, the task force’s experience is
that the use of actigraphy is favored by the majority of patients
and caregivers with no significant uncertainty or variability
due to: 1) the relatively unobtrusive nature and minor burden
of this comparatively passive monitoring procedure; 2) the fact
that monitoring sleep patterns over multiple days as required
to assess insomnia, imposes a major burden to caregivers of
young children unable to accurately report sleep parameters; 3)
the utility of objective data monitoring to complement patient
self-report and 4) the increased accuracy that actigraphy data
adds to inform clinical diagnosis, decision making, and moni-
toring treatment response. However, families and caregivers
sometimes express concern about out of pocket expenses re-
lated to inconsistent third-party reimbursements.

Resource Use

The cost of actigraphy is higher than paper sleep log monitor-
ing, but much less expensive than PSG and other home sleep
testing devices with multiple sensor technologies. Moreover,
PSG and HSAT devices are not well tolerated over multiple
consecutive monitoring periods. Minimal data exist evaluating
the cost benefit, but potential savings to medical health care
systems and third-party payers and employers is potentially
high. Actigraphy has the potential to improve the accurate de-
tection of insomnia and treatment. Policy interventions related
to data obtained from actigraphy could result in a decrease in
downstream health care expenses. At the present time, cost
benefits of the use of actigraphy to assess pediatric insomnia
and treatment response require systematic study.

Use of Actigraphy in the Evaluation of Circadian
Rhythm Sleep-Wake Disorders in Adults

Our review of the literature identified 2 studies®™® meeting
inclusion criteria. A cross-sectional study® compared cra-
niopharyngioma patients, who are at risk for damage to the
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sleep-wake and circadian rhythm systems, to matched healthy
controls. The study included actigraphy and sleep log assess-
ment of sleep onset and sleep offset, as well as melatonin secre-
tion.3* Another study® assessed sleep and circadian rhythms in
hospitalized patients with decompensated cirrhosis. This pa-
tient population often exhibits poor sleep/wake, which may be
linked to altered circadian rhythms. The figures are provided
in the supplemental material, Figure S15 through Figure S18.
Summary of findings tables are provided in the supplemental
material, Table S5 and Table S6. A summary of the evidence
for each outcome is provided below.

Sleep Onset

One study® measured sleep onset time in patients with sus-
pected CRSWD due to craniopharyngioma or consequent sur-
gery. In this study,® the mean difference in sleep onset time
was 0.3 hours later (95% CI: 0.8 hours earlier to 1.4 hours
later) with sleep logs compared to actigraphy (Figure S15).
A second study® evaluated the effects of a circadian rhythm
intervention (light therapy) on hospitalized patients with liver
cirrhosis and found that the difference in measurement of a
treatment effect for actigraphy compared to sleep logs was 0.60
hours later (95% CI: 0.1 to 1.1 hours later). These differences
crossed the clinical significance thresholds established by the
TF, indicating that actigraphy and sleep logs may provide dis-
tinct measurements in some patients (Figure S17). The quality
of evidence for sleep onset was very low due to small sample
size and imprecision.

Sleep Offset

The two studies described above®*% also assessed sleep offset
time. One study® reported a mean difference between actigra-
phy and sleep logs of 0.2 hours later (95% CI: 1.0 hours earlier
to 0.6 hours later) for sleep offset time (Figure S16). The other
study® found a mean difference in the measured treatment ef-
fect between actigraphy and sleep logs of 0.4 hours earlier (95%
CI: 0.9 hours earlier to 0.1 hours later) with actigraphy com-
pared to sleep logs (Figure S18). These differences crossed the
clinical significance thresholds established by the TF, indicat-
ing that actigraphy and sleep logs may provide distinct mea-
surements in some patients. The quality of evidence for sleep
onset was very low due to small sample size and imprecision.

Overall Quality of Evidence

The overall quality of evidence was very low due to small
sample sizes and imprecision. The two available studies used
concurrent measurement; however, the sample sizes in these
studies were small. In addition, there was imprecision, with the
95% CI crossing the clinical significance threshold for assess-
ment of treatment response as determined by the TF.

Benefits Versus Harms

The main benefit of actigraphy is that it can be worn in the
home setting longitudinally and requires little or no effort for
tracking sleep onset and sleep offset times by patients. There
are minimal harms associated with the use of actigraphy. In
some patient populations (eg, frail older adults in long-term
care) where skin health is an issue, the risk of irritation under
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the device may be higher; however, this risk appears very low
(< 1%) in studies recording actigraphy for up to 1 week. Based
on their clinical expertise, the task force determined that the
benefit of accurate assessment with minimal burden outweigh
the potential harms associated with actigraphy devices. It
should be noted, however, that the information provided by
actigraphy, eg, sleep onset and offset patterns and sleep con-
tinuity parameters, is inherently limited with respect to as-
sessing the underlying chronobiological complexity associated
with CRSWDs.

Patient Values and Preferences

Indirect evidence suggests actigraphy is acceptable to patients
with CRSWDs as shown by high patient acceptance of actig-
raphy in reviewed studies. Patients with CRSWDs may find it
difficult to complete sleep logs for extended periods of time,
and actigraphy may be a less cumbersome alternative. Also,
given the useful information on sleep parameters that can be
obtained with actigraphy, most patients are likely to use ac-
tigraphy in place of sleep logs alone. Laboratory PSG may
also prevent assessment of “natural” sleep onset or sleep offset
times in patients with very late or very sleep onset or sleep off-
set times. As a result, actigraphy is likely to provide more use-
ful information to clinicians about sleep onset and sleep offset,
and is likely to be more acceptable to patients than in-center
assessment of these parameters with PSG.

Resource Use

Actigraphy is more expensive than sleep logs, and therefore
may be more resource intensive. However, in the absence of a
widely available objective method for assessment of circadian
rhythms in the home environment, actigraphy is currently the
most widely available tool for this purpose. Actigraphy is not
routinely paid for by insurers for evaluation of sleep patterns
in patients with suspected CRSWDs, and as a result, the cost
to patients may be higher. The cost to the health care system
with actigraphy monitoring may also be higher than sleep logs
alone; however, some of the higher costs of diagnosis may be
offset by reduced costs associated with fewer delays in identi-
fying appropriate interventions (eg, light therapy) and avoid-
ing inappropriate ones (eg, hypnotic medications) for patients
with CRSWDs.

Melatonin Levels and Profiles

In addition to the above outcomes, the use of actigraphy is sup-
ported by multiple studies conducted to evaluate actigraphy-
based estimates of sleep that included biological markers of
circadian phase such as dim light melatonin onset (DLMO)
and melatonin secretion profiles in patients with suspected or
confirmed CRSWDs. The physiologic markers of circadian
phase are considered gold standards. Studies with actigraphy
and melatonin assessments included patients with advanced
sleep-wake phase disorder (ASWPD), delayed sleep-wake
phase disorder (DSWPD), non-24-hour sleep-wake rhythm
disorder (N24SWD), and irregular sleep-wake rhythm dis-
order (ISWRD); the results of these studies informed the re-
cent AASM clinical practice guidelines for the treatment of
CRSWDs.% Studies show that actigraphy can reflect changes
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in endogenous melatonin in patients with DSWPD,¥ % and af-
ter circadian interventions for patients with DSWPD, ASWPD
and shift work sleep/wake phase disorder.8720-%3

Use of Actigraphy in the Evaluation of Circadian
Rhythm Sleep-Wake Disorders in Pediatric Populations
Our literature review identified 3 studies® *° meeting eligibil-
ity criteria for pediatric populations with CRSWD. TST ac-
tigraphy and sleep log data were available from baseline and
posttreatment assessments and are included in the meta-analy-
ses. The TF also reviewed TST data from a heterogenous study
that included participants with suspected CRSWD, phase de-
lay and/or insomnia.’” For SL, data were available from three
studies™*° for baseline and posttreatment assessment. Only 1
study®® reported baseline and posttreatment data on sleep onset
and sleep offset. All of the studies were RCTs testing melato-
nin and/or light therapy for delayed sleep phase syndrome in
children with a wide age range (2-21 years old). Most of the
studies included both male and female participants who were
largely school age children. One study® included children
primarily in their late adolescents/early adulthood. Two stud-
ies®*>?7 involved children with neurodevelopmental disorders.
No studies meeting our inclusion criteria included PSG assess-
ments. PSG validation studies®~* have however, demonstrated
acceptable validity of actigraphy in infants and children, par-
ticularly in healthy normal subjects. The meta-analyses and
figures are provided in the supplemental material, Figure S19
through Figure S26. Summary of findings tables are provided
in the supplemental material, Table S7 and Table S8. A sum-
mary of the evidence for each outcome is provided below.

Total Sleep Time

For baseline sleep parameters, meta-analysis of 3 studies® %

demonstrated that the clinical significance criteria of 25 min-
utes was met, indicating that actigraphy and sleep logs provide
distinct information when assessing TST. Meta-analysis dem-
onstrated a large mean difference in TST of 47.4 minutes lower
(95% CI: 99.4 minutes lower to 4.5 minutes higher) for actigra-
phy compared to sleep logs. This was not statistically signifi-
cant, however (P = .07). One additional study®’ of non-specific
sleep disorders in children with developmental disorders, also
met the clinical significance threshold for TST. This study dem-
onstrated a large mean difference in TST of 96.6 minutes lower
(95% CI: 65.2 to 128.0 minutes lower) for actigraphy compared
to sleep logs” (Figure S19 and Figure S27). The quality of
evidence was low due to imprecision and the small sample size.

With respect to treatment response, meta-analysis of three
studies™ *® demonstrated that actigraphy TST met the clinical
significance threshold of 25 minutes, indicating that actigra-
phy and sleep logs provide distinct information when assess-
ing posttreatment TST. Meta-analysis demonstrated a large
mean difference of 52.7 minutes lower TST (95% CI: 20.8 to
84.6 minutes lower) for actigraphy estimates compared to sleep
logs. The study of non-specific sleep disorders in children with
developmental disorders,” also met the clinical significance
threshold for TST. This study demonstrated a large mean dif-
ference in posttreatment TST of 121.4 minutes lower (95% CI:
88.4 to 154.4 minutes lower) for actigraphy estimates compared
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to sleep logs (Figure S23 and Figure S29). Interventions in-
cluded melatonin supplementation and/or bright light therapy.
Taken together, these data indicate that actigraphy measures of
TST yield lower estimates compared to sleep logs at baseline
and posttreatment, suggesting that actigraphy may be more
sensitive at detecting sleep loss in pediatric populations with
CRSWD. The quality of evidence was low due to imprecision
and small sample size.

Sleep Latency

Three studies®*® reported baseline and posttreatment SL esti-
p p

mates. Meta-analyses for both baseline and posttreatment esti-
mates of SL demonstrated that the small mean differences did
not meet the clinical significance threshold of 20 minutes, indi-
cating that actigraphy and sleep logs provide similar estimates.
The mean difference for baseline SL was 3.0 minutes lower (95%
CI: 14.9 minutes higher to 20.9 minutes lower) for actigraphy
compared to sleep logs. Only one baseline study’ met the clini-
cal significance criteria, demonstrating a mean difference in SL
of 20 minutes lower (95% CI: 6.8 minutes lower to 33.12 minutes
higher) for actigraphy estimates compared to sleep logs. The
other two studies”®¢ suggested actigraphy estimated slightly
longer SL relative to sleep logs. One additional study of non-spe-
cific sleep disorders in children with developmental disorders®
met the clinical threshold reporting a large mean difference in
SL of 24.8 minutes higher (95% CI: 9.71 minutes lower to 59.3
minutes higher) for actigraphy estimates compared to sleep logs
(Figure S20 and Figure S28). The quality of evidence was low
due to imprecision and small sample sizes.

When assessing response to treatment, the small mean dif-
ference for posttreatment SL of 1.1 minutes lower (95% CI: 11.1
minutes lower to 9.0 minute higher) for actigraphy compared
to sleep logs, was not clinically significant, suggesting that
actigraphy and sleep logs provide similar estimates. Only one
arm of one study testing light therapy® met the clinical sig-
nificance threshold, reporting a mean difference in posttreat-
ment SL of 24.0 minutes lower (95% CI: 37.9 minutes lower to
10.1 to higher) for actigraphy estimates compared to sleep logs
(Figure S24). The quality of evidence was low due to impreci-
sion and small sample size.

Sleep Onset

Only one study®® reported baseline sleep onset and the small
mean difference between actigraphy and sleep logs estimates
did not meet the clinical significance threshold of 25 minutes,
suggesting that actigraphy and sleep logs provide similar esti-
mates. This study®® found a mean difference in sleep onset of 0
minutes (95% CI: 0.24 minutes lower to 0.24 minutes higher)
between actigraphy and sleep logs. This study® also reported
a mean difference in posttreatment sleep onset of 0 minutes
(95% CI: 0.20 minutes lower to 0.20 minutes higher) between
actigraphy and sleep logs (Figure S21 and Figure S25 respec-
tively). The quality of evidence was very low due to impreci-
sion and very small sample size.

Sleep Offset

Only one study® was identified that reported baseline sleep
offset. The mean difference between actigraphy and sleep log
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estimates met the clinical significance threshold of 25 minutes,
suggesting actigraphy and sleep provide distinct estimates.
This clinical trial of melatonin and light therapy in school aged
children with likely delayed sleep phase syndrome demon-
strated a large mean difference in baseline sleep offset of 1.4
hours lower (95% CI: 1.2 to 1.6 hours lower) for actigraphy
estimates compared to sleep logs.*® With respect to treatment
response, a large mean difference of 1.7 hours lower (95% CI:
1.5 to 1.9 hours lower) for actigraphy estimates compared to
sleep logs was found (Figure S22 and Figure S26). The qual-
ity of evidence was very low due to imprecision and very small
sample size.

Overall Quality of Evidence

The overall quality of evidence was low due to the small sam-
ple sizes, and imprecision. Given the heterogenous nature of
pediatric populations included in the studies, which ranged in
age from 2 to 21 years, a developmental span involving chang-
ing sleep and circadian rhythm patterns, the generalizability of
the findings is significantly limited.

Benefits Versus Harms

As many pediatric patients are unable to accurately monitor
and record their sleep and caregiver sleep logs are burdensome
for caregivers and prone to error, actigraphy may be the only
feasible means to assess certain sleep parameters over mul-
tiple nights. Based on their clinical expertise and the above
reviewed data, the task force determined that the benefits that
actigraphy provides outweigh potential minor harms. Benefits
of actigraphy include a relatively unobtrusive, passive, and
objective measure of sleep in pediatric populations. Alterna-
tive, more intensive home sleep testing devices, which also
provide objective sleep parameter estimates using multiple
and more obtrusive sensor technologies, may not be as well
tolerated over multiple consecutive monitoring periods. The
evidence reviewed above suggests that actigraphy, compared
to sleep logs, provides distinct estimates for some key sleep
parameters, notably TST. The finding that actigraphy may be
more sensitive than sleep logs in detecting reduced sleep time
in pediatric populations is an important potential benefit. The
primary adverse effects associated with actigraphy monitoring
are skin irritation, which is typically mild. When evaluating
the benefits versus harms, the task force considered the vulner-
ability of this population and the relatively high prevalence of
CRSWD in pediatric populations.”>” 7

Patient Values and Preferences

Although minimal data exists related to patient values and
preferences on the use of actigraphy versus sleep logs for as-
sessing CRSWD in pediatric populations, the task force’s ex-
perience and opinion is that the use of actigraphy is favored by
the majority of patients and caregivers. This is due to: (1) the
relatively unobtrusive nature and minor burden of the monitor-
ing procedure; (2) the fact that monitoring sleep patterns over
multiple days is required to assess CRSWD, which imposes
a major burden on caregivers of young children who may be
unable to accurately report sleep parameters; (3) the utility of
objective data monitoring to complement patient self-report
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and (4) the increased accuracy that actigraphy data provides
to inform clinical diagnosis, decision making, and monitoring
treatment response. Patients and caregivers sometimes express
concern about out of pocket expenses related to inconsistent
third-party reimbursements.

Resource Use

The cost of actigraphy is higher than paper sleep log monitor-
ing, but much less expensive than PSG and other home sleep
testing devices with multiple sensor technologies. Minimal
data exist evaluating the cost benefit, but savings to medical
health care systems and third-party payers and employers are
potentially high. Actigraphy has the potential to improve the
accurate detection of CRSWD: treatment and policy interven-
tions related to these data could reduce downstream health care
expenses. At the present time, however, cost benefits of the use
of actigraphy to assess pediatric CRSWD and treatment re-
sponse are unclear and require systematic study.

Use of Actigraphy in the Evaluation of
Sleep-Disordered Breathing With Home Sleep Apnea
Tests in Adults

Our review of the literature identified 6 studies®® %2 which
examined the concomitant use of actigraphy with HSAT in
the evaluation of SDB. It is important to note that the TF was
unable to identify a single study which directly addresses the
PICO question, which ideally should include data on compar-
ing the accuracies of REI determination with and without
actigraphy accompanying HSAT wuse, and simultaneously
compared that to AHI determined by PSG as gold standard.
Five of the studies contained data on comparing estimated TST
by actigraphy against measured TST by PSG in patient popu-
lation with SDB. Only one study used a HSAT device with
integrated actigraphy.'®!

The meta-analyses are provided in the supplemental mate-
rial, Figure S31. A summary of findings table is provided in
the supplemental material, Table S9. A summary of the evi-
dence for each outcome is provided below.

Total Sleep Time

In order to determine the utility of adding actigraphy to HSAT,
the first critical outcome examined the accuracy of TST esti-
mation by actigraphy compared to PSG in patients with sus-
pected or diagnosed SDB. Five studies®®?19192 were included
in the meta-analysis. Of note, three of the studies’**!%? did
not study the use of HSAT but instead presented data on the
comparison of TST between actigraphy and PSG in the set-
ting of OSA and were therefore included in the meta-analysis.
Actigraphy appeared to be less accurate in estimating TST as
PSG-determined AHI increases, likely due to movements re-
lated to severe and frequent apneas. The overall results showed
a mean difference in TST measured by actigraphy as compared
to PSG of 14.54 minutes higher (95% CI: 49.77 minutes higher
to 20.70 minutes lower) which indicated a sufficiently small
mean difference, however, variability was significant, with a
range of possible mean differences of 70 minutes. These results
are consistent with other studies'® ' which have demonstrated
the validity of actigraphy in estimating TST in the setting of
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SDB (Figure S31). The quality of evidence was moderate due
to imprecision.

Accuracy

One study” compared AHI values obtained by PSG versus
AHI values calculated by simplified polygraphy (akin to a
HSAT setup) with or without actigraphy-estimated TST in 20
subjects with SDB. Using actigraphy-estimated TST to calcu-
late AHI improved both sensitivity (88% AHI-act versus 50%
AHI-tib) and negative predictive value (92.5% AHI-act ver-
sus 75% AHI-tib) in the subset of patients with severe OSA
(AHI > 30 events/h). However, for the diagnosis of moderate
OSA (defined as AHI > 10 to 29 in this study) by simplified
polygraphy, sensitivity and specificity were the same (at 100%)
with or without actigraphy-estimated TST data.

Another study'® compared a biomotion sensor and actigra-
phy-estimated TST with standard PSG. In a post hoc analy-
sis, the use of actigraphy-estimated TST resulted in a reduced
number of misclassifications of SDB severity categorizations
compared to using TRT (~7% misclassifications with actigra-
phy versus ~10% misclassifications using TRT).

In one other study,'” AHI/RDI thresholds of 10, 15, and 30
events/h were used to compare the accuracy of PSG versus an
HSAT device with built-in actigraphy. Based on the manual
analysis of two “observers,” the sensitivity ranged between
83.8% and 95.8%, and the specificity between 92% and 100%
for the different AHI thresholds studied. This study showed
increased sensitivity with the addition of actigraphy TST,
compared to using recording time in HSAT, with the increased
sensitivity primarily observed in patients with severe OSA
(RDI > 30 events/h).

Another study'®® examined Taiwanese bus drivers who
were studied for SDB. They used AHI thresholds of 5 and 15
events/h and showed an increase in AHI when measured with
actigraphy-estimated TST as compared with recording time,
but this was not statistically significant.'®® The quality of evi-
dence was low due to indirectness and small sample size.

Overall Quality of Evidence

The overall quality of evidence on the use of actigraphy with
HSAT to estimate TST (monitoring time) during recording, in
the absence of alternative objective measurements of TST, in
adult patients suspected of SDB was low due to imprecision,
indirectness and small samples size. The overall quality of evi-
dence was also downgraded based on the indirectness of addi-
tional evidence from other sleep disorders supporting that TST
estimated by actigraphy is reliably accurate when compared to
PSG. The quality of evidence in assessing the accuracy of REI
by the addition of actigraphy with HSAT was also downgraded
due to small sample size.

Benefits Versus Harms

By providing an improved TST estimation (monitoring time)
over total time in bed (TIB) or TRT, actigraphy may improve
the diagnostic accuracy of HSAT in calculating respiratory
event indices and thus the diagnostic accuracy of HSAT in
detecting SDB in the evaluation of patients suspected or diag-
nosed with SDB. In addition, the TF considered the empirical
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concern that in patients with short sleep duration or chronic in-
somnia (TST <6 hours), simply using TIB or TRT may increase
the denominator in calculating the AHI, thereby underestimat-
ing the severity of OSA or missing the diagnosis completely.
Hence, actigraphy may be particularly useful in such patients
with short sleep duration or chronic insomnia to help improve
the diagnostic accuracy of HSAT. The TF determined that only
actigraphy integrated within HSAT devices should be used in
the clinical settings as adding actigraphy separately to a HSAT
study will be impractical to do so. The TF cautions the limita-
tion in actigraphy use in cases with limited upper extremity
mobility (eg, stroke patients). Based on their clinical expertise
and the above reviewed data, the TF determined that there
were no clinically significant and undesirable outcomes asso-
ciated with actigraphy (integrated within HSAT devices).

Patient Values and Preferences

In adult patients with suspected sleep-related breathing dis-
order, currently there are no available studies to draw from
in assessing patients’ values and preferences on actigraphy
incorporated within HSAT devices. However, patients will
likely value the potentially more accurate assessment of SDB
severity that could be obtained with the addition of actigraphy
(integrated within HSAT devices) which can impact access to
treatment (eg, based on REI cut-off requirements of third-party
payers, job requirements, disability benefits, etc.). Actigraphy
should carry minimal burden for the patients.

Resource Use

From a resource use perspective, it would be most appropri-
ate to compare the use of actigraphy integrated within HSAT
device versus HSAT without actigraphy. It is neither practi-
cal to separately collect actigraphy data and synchronize with
the HSAT recording, nor feasible to obtain actigraphy testing
separately during a HSAT study for billing purposes. Several
HSAT systems already have integrated actigraphy. However,
economic analyses comparing the cost-effectiveness on HSAT
with integrated actigraphy for the assessment of SDB have
not been conducted. The TF concluded using HSAT with in-
tegrated actigraphy function may be more cost effective by po-
tentially improving the diagnostic accuracy of SDB by HSAT
when compared with only using TIB or TRT.

Use of Actigraphy in the Evaluation of Central
Disorders of Hypersomnolence With the

Multiple Sleep Latency Test

The MSLT measures the physiologic sleep tendency of an indi-
vidual during the habitual wake period,*® and is recommended
in the diagnostic evaluation of narcolepsy and other central
disorders of hypersomnolence.'” The MSLT can be influenced
by a number of factors, including sleep duration leading up to
the testing.'”® An in-center sleep study with EEG, EMG and
EOG recording is recommended as standard procedure for
the night prior to the MSLT to identify any underlying clini-
cal conditions that could result in sleep fragmentation and to
document that the patient had a sufficient amount of sleep the
night prior to the study.®® Although the overnight PSG will rule
out acute insufficient sleep that might influence interpretation
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of the findings for diagnosing disorders of hypersomnolence,
chronic insufficient sleep time may also negatively influence
the MSLT study, and should be ruled out prior to the MSLT as
well. Sleep-wake patterns over a period of time are most com-
monly assessed using sleep logs rather than actigraphy. Sleep
logs, however may be subject to bias (eg, motivational factors)
resulting in patients overestimating, or in some cases, underes-
timating their TST.

The figures are provided in the supplemental material,
Figure S32a and Figure S32b. Summary of findings tables
are provided in the supplemental material, Table S10a and
Table S10b. A summary of the evidence for each outcome is
provided below.

Total Sleep Time

In this review, we identified only one study'® that examined the

nightly sleep duration by both actigraphy as well as sleep logs
in the 2-week period prior to a MSLT in patients with exces-
sive daytime sleepiness. It found that actigraphy compared to
sleep logs estimated a large mean difference that was clinically
significant of 86 minutes lower (95% CI: 58.4 to 113.6 minutes
lower)."”® See supplemental material, Figure S32a. These data
demonstrate that actigraphy provides unique measurements
compared to sleep logs, and may be helpful to ascertain nightly
sleep duration prior to MSLT. When comparing the TST re-
corded by actigraphy and PSG on the night before the MSLT,
the study reported a mean difference of 15.60 minutes, which
is within the clinical significance threshold, however the 95%
CI of 49.40 minutes (—40.30, 9.10) exceeded the clinical signifi-
cance threshold.'”® See supplemental material, Figure S32b.
The quality of evidence was moderate due to imprecision and
small sample size.

In addition, in their subgroup analysis, patients who had a
mean sleep latency (MSL) of less than 8 minutes in the MSLT
were found to have a mean nightly sleep duration of only
4.53 + 1.37 hours by actigraphy, while patients who had a MSL
of more than or equal to 8 minutes were found to have a mean
nightly sleep duration of 6.10 £ 1.37 hours by actigraphy.'®®
This difference in mean nightly sleep duration between the
two groups of patients was reported to be statistically signifi-
cant.'”® However, in terms of sleep logs-recorded mean nightly
sleep duration, no significant difference was found between
these two groups of patients (7.08 £ 0.70 hours for patients with
MSL < 8 minutes versus 6.94 + 0.93 hours for patients with
MSL > 8 minutes).'”® Results from this study suggests that pa-
tients with a MSL < 8 minutes on the MSLT were more likely
to overestimate their nightly sleep duration on sleep logs com-
pared to actigraphy, suggesting that sleep logs may be unreli-
able in patients with a reduced SL on the MSLT.'® It is likely
that some patients who were referred for an MSLT in the evalu-
ation for hypersomnia disorders had unrecognized insufficient
sleep syndrome. The task force noted that this study was lim-
ited by a military sleep center setting, a relatively small sample
size, and patients consisted of mostly men (87%).

Overall Quality of Evidence

The overall quality of evidence on the use of actigraphy to
monitor TST prior to MSLT testing in adult and pediatric
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patients with suspected central disorders of hypersomnolence
was moderate. The quality of evidence was downgraded due
to imprecision due to small sample size from one single study.
The overall quality of evidence was also downgraded due to
indirectness of evidence; that is, some evidence supporting this
recommendation was based on studies evaluating the accuracy
of TST versus sleep logs in patients with a variety of sleep dis-
orders or complaints. Despite looking broadly at available lit-
erature, no pediatric data were currently available. However,
the TF determined that the findings and recommendation re-
ported here could be extended to the pediatric population, par-
ticularly in adolescents, where differentiating CRSWDs from
hypersomnia conditions can be clinically challenging.

Benefits Versus Harms

The ability for actigraphy to provide longitudinal assessment
of TST and sleep patterns in patients with suspected hyper-
somnia disorder may improve the diagnostic accuracy of the
subsequent MSLT and potentially reveal other sleep disorders
or circadian rhythm sleep-wake disorders. Actigraphy is a non-
invasive test that can be conducted over multiple nights, which
is not feasible with PSG. The TF determined that there were no
clinically significant and undesirable outcomes associated with
actigraphy. Given the ICSD-3 diagnostic criteria on hypersom-
nia disorders recommending that insufficient sleep should be
ruled out, the TF determined that there is evidence to suggest
that actigraphy be used in combination with sleep logs prior to
MSLT in adults suspected of central disorders of hypersomno-
lence to improve the diagnostic accuracy of the MSLT.

Patient Values and Preferences

Actigraphy is able to provide objective sleep duration data prior
to MSLT which could improve the diagnostic accuracy of the
MSLT compared to sleep logs alone. Patients with suspected
hypersomnia condition will benefit from a more accurate diag-
nosis by use of actigraphy prior to MSLT. The TF determined
that the vast majority of patients would want to receive a cor-
rect clinical diagnosis in the evaluation for hypersomnia disor-
ders. However, minimal evidence exists to indicate how much
patients value the main outcome. The use of actigraphy under
consideration here requires patients to wear a wrist watch de-
vice continuously for up to two weeks prior to MSLT.

Resource Use

Actigraphy device is reusable and data can be collected from
patient over a period of time prior to MSLT. In practical terms,
actigraphy studies can be obtained over a period of 7-14 days,
though currently there is no available data to determine the
optimal length of study prior to MSLT. It is a relatively low cost
medical diagnostic test.

Use of Actigraphy in the Evaluation of Insufficient
Sleep Syndrome in Adults

Our review of the literature identified 11 studies permit-
ting the comparison of actigraphy and sleep log estimates of
TST for routine assessment in participants at risk for insuf-
ficient sleep syndrome. These studies included data from male
and female participants, ranging in age between 18—57.9 years.

109-119
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The majority of the studies were within-subject, case control or
quasi experimental designs evaluating workers with occupa-
tions involving extended shifts/duty hour schedules curtailing
sleep opportunity relative to off duty hours. Occupations in-
cluded pilots/astronauts (4 studies),'!">1%17 medical interns/
residents (3 studies),""™1"® oil rig workers (1 study),'? tun-
nel workers (1 study),' and ballet dancers (1 study) '"°. Three
intervention studies*!""®'"® meeting eligibility criteria were
identified, which assessed post intervention TST. Due to the
small number of intervention studies and heterogeneity in the
sample characteristics, as well as the varying interventions de-
ployed, we did not conduct meta-analyses evaluating treatment
response. The meta-analyses and figures are provided in the
supplemental material, Figure S33 and Figure S34. Summary
of findings tables are provided in the supplemental material,
Table S11 and Table S12. A summary of the evidence for each
outcome is provided below.

Total Sleep Time

Meta-analysis of the 10 baseline assessment studies'®"® dem-
onstrated that actigraphy estimated lower baseline TST rela-
tive to sleep logs by a large mean difference of 38.5 minutes
(95% CI: 27.0 to 49.2 minutes lower), which exceeded the clini-
cal significance threshold of 20 minutes. This finding suggests
that actigraphy may be more sensitive than sleep logs in detect-
ing short sleep in individuals at risk for ISS (Figure S33). The
quality of evidence was high.

With respect to treatment response, only three stud-
ies!11611% were identified. Similar to the baseline assessment
studies, two studies, one in pilots'® and the other astronauts,''®
demonstrated that actigraphy estimated lower posttreatment
TST compared to sleep logs by large mean differences of 57.00
minutes (95% CI: 26.6 to 87.4 minutes lower) and 26 minutes
(95% CI: 12.0 to 40.0 minutes lower), respectively. The mean
differences in both studies were clinically significant. Inter-
ventions included a behavioral counter fatigue intervention
in airline pilots'”® conducted in within subjects experimental
study and sedative medications for on duty astronauts'® in an
observational study. A study'? of offshore oil platform work-
ers with difficulty adjusting to shiftwork, however, found that
sleep logs tended to yield lower estimates of TST relative to
actigraphy in this randomized cross-over experiment com-
paring light therapy and melatonin against placebo. The light
therapy intervention arm demonstrated that posttreatment ac-
tigraphy estimated greater TST compared to sleep logs by a
large mean difference of 38 minutes (95% CI: 76.7 minutes
higher to .70 minutes lower), which was clinically signifi-
cant.”” This mean difference, however, was not statistically
significant. The melatonin intervention arm actigraphy esti-
mated higher TST compared to sleep logs by a small mean dif-
ference of 5.5 minutes (95% CI: 37.11 minutes higher to 26.11
minutes lower), which was neither clinically nor statistically
significant'”? (Figure S34). These posttreatment data sug-
gest that actigraphy estimates of posttreatment TST generally
yield lower estimates of TST compared to sleep logs, though
the direction of the differences may not be uniformly consis-
tent and may be specific to a particular intervention types or
subpopulations. The quality of posttreatment evidence was
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low due small sample size, imprecision, and heterogeneity of
the studies.

Overall Quality of Evidence

The overall quality of the evidence was judged to be moderate
due primarily to the three treatment response studies. Treat-
ment response studies were downgraded because of heteroge-
neity, and imprecision, ie, one study had 95% CI crossing the
clinically significance threshold. The evidence pertaining to
the 10 assessment studies of baseline data was judged to be of
high quality.

Benefits Versus Harms

The potential benefits of actigraphy assessment of TST in
patients at risk for ISS are strong relative to the minor unde-
sirable effects, which include as small risk of skin irritation.
The majority of the studies demonstrate that actigraphy esti-
mates of TST yield evidence of greater sleep loss compared
to sleep log estimates. This indicates that actigraphy may be
more sensitive in detecting insufficient sleep disorders com-
pared to sleep logs. This is important because insufficient
sleep is highly prevalent,'**' associated with motor vehicle
accidents, diminished work-related productivity and medical
and psychiatric morbidity.*°-64122-127 The discrepancy of —38
minutes between actigraphy and sleep logs is clinically signifi-
cant in that this differential degree of chronic sleep loss would
be expected to impact sleep debt and be expected to be more
robustly associated with physiologic and neurobehavioral risk
factors of medical and psychiatric morbidity. Based on their
clinical expertise, and the meta-analyses, the task force deter-
mined that the potential benefits of actigraphy outweighed its
potential harms.

Patient Values and Preferences

Although minimal data exists related to patient values and
preferences on the use of actigraphy versus sleep logs for as-
sessing insufficient sleep, the task force’s experience is that the
use of actigraphy is favored by the majority of patients with no
important uncertainty or variability due to: (1) the relatively
unobtrusive nature and minor burden of this relatively passive
monitoring procedure; (2) the utility of objective data moni-
toring to complement patient self-report; and (3) the increased
accuracy that actigraphy data provides to inform clinical di-
agnosis, decision making, and monitoring treatment response.
Patients sometimes express concern about out of pocket ex-
penses related to inconsistent third-party reimbursements and
variable co-pays.

Resource Use

The cost of actigraphy is higher than paper sleep log monitor-
ing, but much less expensive than PSG and other home sleep
testing devices with multiple sensor technologies. Minimal
data exist evaluating the cost benefit, but potential savings to
medical health care systems and third-party payers and em-
ployers are high. Actigraphy is expected to improve the ac-
curate detection of insufficient sleep; treatment and policy
interventions related to these data could reduce downstream
health care expenses, lost productivity, reduced accidents and
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other deleterious effects of insufficient sleep. At the present
time cost benefits of the use of actigraphy to assess treatment
response are less certain due to limitations in the small number
of well-designed outcome studies and mixed findings related to
clinical significance.

Use of Actigraphy in the Evaluation of Periodic Limb
Movement Disorder

A review of the literature to identify studies including both
actigraphy and EMG and EEG during in-center PSG to esti-
mate periodic limb movement frequency yielded 3 studies in
adults'?* %% and 2 in pediatric patients'*"-'*> meeting our inclu-
sion/exclusion criteria. One study'”® compared two different
actigraphy devices to EMG. A second study"’ examined the
reliability of actigraphy to measure limb movements in a popu-
lation with suspected insomnia, SRBD, or daytime sleepiness;
only patients with a pre-PSG diagnosis of RLS were used in
our analyses. The small number of studies precluded meta-
analysis. However, summary information for each study are
shown in the supplemental material, Figure S35. A summary
of findings tables is provided in the supplemental material,
Table S13. A summary of the evidence for each outcome is
provided below.

Accuracy

None of the included studies in adults provided information on
the accuracy of PLMD diagnosis using current diagnostic cri-
teria. One study'?® of adults provided sensitivity/specificity us-
ing a PLMSI cutoff of 15 events/h on PSG and a PLMSI cutoff
of 16 events/h on the actigraphy device, and reported sensitiv-
ity of 82.4% and specificity of 70.8%, a false-positive rate of
31.8 and a false-negative rate of 26.3. The PLMSI threshold
of 16 events/h is not routinely used for diagnostic purposes in
clinical practice. A study of children with sickle cell disease
provided sensitivity/specificity data using a PLMSI cutoff of
5 events/h on PSG and a PLMSI cutoff of 5 events/h on actig-
raphy."*? They reported sensitivity of 100%, and specificity of
8% for raw actigraphy, and 25% after correcting the PLMSI for
sleep time. The false-positive rate was 58% (53% after correct-
ing for sleep time), and the false negative rate was 0% (with or
without sleep time correction). These studies indicate the ac-
curacy of actigraphy for the diagnosis of PLMD is inadequate.
The quality of evidence was moderate due to small sample size.

Periodic Limb Movement Index

The correspondence between the PLMSI derived from ac-
tigraphy varied widely. One study'?® compared EMG to
two different actigraphy devices to EMG in patients with
PLMSI > 5 events/h at baseline. They found that the average
PLMSI using one device was 34.4 events/h (standard devia-
tion [SD] = 30.7) measured on both legs with one device, and
63.6 events/h (SD = 39.3) measured on both legs with the sec-
ond device, while the PLMSI based on EMG during labora-
tory PSG was 37.0 events/h (SD = 30.7). In a second study'”
patients with suspected PLMD were studied, and EMG de-
rived PLMSI was compared to one actigraphy device worn
for 5 consecutive nights (4 nights at home). The mean PLMSI
was 30.4 events/h (SD = 34.3) on actigraphy, compared to
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21.0 events/h (SD = 28.9) as measured by EMG during labo-
ratory PSG. In a third study of patients suspected of RLS,"?
the mean PLMSI based on EMP during laboratory PSG was
51.2 events/h (SD = 34.1) while the mean PLMSI based on
actigraphy was 47.71 events/h (SD = 35.42). However, the
range of possible mean differences between EMG-derived and
actigraphy-derived PMLSI was 58.14 events/h. In a study of
pediatric patients,”' the mean PLMSI based on EMG was 4.0
events/h (SD = 1.3) for the left leg and 4.0 events/h (SD = 1.5)
for the right leg, while the PLMSI based on actigraphy was 6.4
events/h (SD = 4.1) on the left leg and 7.9 events/h (SD = 3.9)
on the right leg (Figure S35). In a second study'*? of pediatric
patients, Bland Altman analyses demonstrated that actigra-
phy overestimated the mean PLMSI, compared to EMG, by
8.1 events/h (SD = 10.7). These studies demonstrate that actig-
raphy does not accurately identify periodic limb movements,
compared to the gold standard EMG. The quality of evidence
was moderate due to imprecision.

Overall Quality of Evidence

The overall quality of evidence was moderate. The available
studies used concurrent measurement; however, the evidence
was drawn from only five studies with small sample sizes, and
only two devices were studied. In addition, there was impreci-
sion, with the 95% CI crossing the clinical significance thresh-
old as determined by the TF for both adult and pediatric studies.

Benefits Versus Harms

The main benefit of actigraphy is that it can potentially be worn
outside of the sleep center and may provide a simpler alterna-
tive for patients; however, the potential harms of misclassifica-
tion of patients with and without PLMD outweighs the benefit
of increased convenience. Given that actigraphy both over and
under-estimated PLMSI compared to EMG during PSG, it can-
not be viewed as a substitute for EMG during in-center PSG in
the diagnosis of PLMD.

Patient Values and Preferences

While patients may prefer a simpler diagnostic tool, diagnostic
accuracy is also important to patients. The TF concluded that
most patients would prefer EMG during PSG over actigraphy.

Resource Use

Actigraphy may be less expensive than in-center PSG; how-
ever, actigraphy is not routinely covered by insurers for diag-
nosis of PLMD. As a result, the cost to patients may be higher
for actigraphy compared to in-center PSG with EMG. Al-
though data are limited, given the low diagnostic utility, there
could also be added cost to the health care system from repeat
diagnostic testing or use of inappropriate treatments, even if
the cost was covered by insurers.

DISCUSSION AND FUTURE DIRECTIONS

Our review and analyses support the utility of actigraphy as
a relatively low cost, objective measure of sleep patterns and
certain estimated sleep parameters in both children and adults,
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across a wide range of sleep disorders, when conducted using
validated algorithms with attention to sensitivity settings and
standardized scoring procedures.

Overall, our meta-analyses indicated that actigraphy yields
significantly distinct estimates of sleep patterns when com-
pared to sleep logs, suggesting that, although the two measures
are often correlated, they provide unique information con-
tributing to the clinical understanding of patients with sleep
disorders. With respect to specific sleep and CRSWDs, the
utility of actigraphy in objective estimation of sleep and wake
parameters across multiple consecutive 24-hour periods ren-
ders it a very useful tool for assessing circadian dysrhythmia.
With respect to insomnia disorder, there is ample evidence of
its validity and utility in assessing sleep continuity in conjunc-
tion with sleep logs both in terms of general diagnostic assess-
ment as well as posttreatment assessment. Actigraphy is also
especially useful to assess sleep continuity in patients who
are typically unable to complete sleep logs reliably, including
children and individuals with cognitive impairment. Finally,
actigraphy may be especially useful in assessing TST in indi-
viduals at risk for ISS. The data in populations at risk for in-
sufficient sleep suggest that actigraphy estimated shorter sleep
duration compared to sleep log estimates and therefore may be
especially useful in identifying short sleep, which contributes
to increased medical and psychiatric morbidity, injuries and
workplace accidents.50-64122-127

Future scientific reports using actigraphy should uniformly
publish detailed technical and scoring procedures including
sensitivity settings, scoring algorithms, and scoring proce-
dures so that future research can more fully establish valid-
ity, particularly in special patient populations. A major finding
across disorders is that actigraphy generally yields distinct
information from sleep log estimates, and in some cases, ac-
tigraphy estimates in comparison to those from sleep logs
correspond more closely with PSG measures. More research
that compares all 3 approaches across patients with different
types of sleep and circadian rhythm sleep-wake disorders is
warranted. Given that actigraphy and sleep logs often generate
distinct parameter estimates for the same variables, there is an
important research imperative to establish normative data that
account for demographic and developmental factors such as
age, sex, ethnicity, as well as disease type (eg, sleep disorders,
healthy individuals, medical and psychiatric disorders).

A key strength of actigraphy is that it provides relatively
unobtrusive monitoring of sleep patterns over long periods of
time. In addition, the use of these devices to measure sleep
behavior is becoming broadly applied, and the experience of
the task force is that actigraphy is largely acceptable to patients
with sleep disorders; however, data are needed to understand
patient preferences based on sleep disorder, age, and other fac-
tors. Future research should also explore statistical models
that capitalize on these micro-longitudinal data, evaluating
day-to-day variation in sleep parameters and trajectories over
time rather than relying exclusively on aggregated, mean level
data. Sleep disorders such as chronic insomnia disorder and
CRSWDs often involve considerable variability in symptoms
and sleep parameters, which may be readily captured via actig-
raphy and analyzed using time series data analytic approaches.
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In addition, this information can be displayed graphically to
patients, enabling them to understand diagnostic decisions
and evaluate their own response to treatment. The review and
meta-analyses that the TF performed highlighted some impor-
tant gaps that would benefit from future investigation. In par-
ticular, the TF identified very few studies that have evaluated
the relative benefit of actigraphy-based TST estimates used in
conjunction with HSAT devices that do not determine actual
sleep time by EEG, EOG and EMG. Similarly, more studies
are needed to evaluate the use of actigraphy prior to MSLT in
assessment for narcolepsy and other central disorders of hy-
persomnolence. In pediatric patients, more research is needed
to establish whether actigraphy can reliably detect response to
well-established treatments. A similar need exists to determine
the sensitivity of actigraphy to behavioral interventions that
target extension of habitual sleep duration and quality in indi-
viduals with ISS.
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