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CONTEMPORARY REVIEWS IN SLEEP MEDICINE

Jennifer L. Martin, PhD; and Alex D. Hakim, MD

To record sleep, actigraph devices are worn on the wrist and record movements that can be
used to estimate sleep parameters with specialized algorithms in computer software programs.
With the recent establishment of a Current Procedural Terminology code for wrist actigraphy,
this technology is being used increasingly in clinical settings as actigraphy has the advantage
of providing objective information on sleep habits in the patient’s natural sleep environment.
Actigraphy has been well validated for the estimation of nighttime sleep parameters across age
groups, but the validity of the estimation of sleep-onset latency and daytime sleeping is limited.
Clinical guidelines and research suggest that wrist actigraphy is particularly useful in the doc-
umentation of sleep patterns prior to a multiple sleep latency test, in the evaluation of circadian
rhythm sleep disorders, to evaluate treatment outcomes, and as an adjunct to home monitoring
of sleep-disordered breathing. Actigraphy has also been well studied in the evaluation of sleep
in the context of depression and dementia. Although actigraphy should not be viewed as a sub-
stitute for clinical interviews, sleep diaries, or overnight polysomnography when indicated, it can
provide useful information about sleep in the natural sleep environment and/or when extended
monitoring is clinically indicated. CHEST 2011; 139(6):1514-1527

Abbreviations: AASM = American Academy of Sleep Medicine; MSLT = multiple sleep latency test; OSA = obstructive
sleep apnea; PSG = polysomnography; SL = sleep latency; SOL = sleep-onset latency; TST = total sleep time; WASO = wake

after sleep onset

CLINICAL USE OF WRIST ACTIGRAPHY

The first major medical use of actigraphy was for
attempting to evaluate psychologic disorders in
the pediatric population using purely mechanical
sensors first conceived in the 1950s.! Over subse-
quent decades, the development of piezoelectric
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sensors, lithium batteries, and digital data storage has
enhanced accuracy, reliability, and storage capacity,
and devices can now record objective, long-term data
regarding a patient’s daily activity level. This is rap-
idly developing into a significant asset for sleep med-
icine clinicians. The field of actigraphy owes much
of its increasing usefulness to the advancement of
devices (actigraphs) used for measuring body move-
ment with increasing frequency and precision, with
current devices able to record and store information
for weeks or months, and to the development of
automatic scoring algorithms in available software
packages for the identification of sleep vs wakeful-
ness. Current devices also have the advantage of small
size and light weight, making the devices unobtrusive
and convenient for patients. Through the collection
of data representing body movement over time, the
actigraph paints a picture of daily sleep-wake cycles,
which can be useful in the diagnosis and evaluation of
several clinical sleep disorders and treatment outcomes.

In 1995, the American Academy of Sleep Medicine
(AASM) concluded that actigraphy was useful as a
research tool for the study of sleep, but that its clin-
ical usefulness remained uncertain.? This statement
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was expanded in 2002 to indicate the potential use of
actigraphy to measure sleep in clinical settings; however,
the strength of the evidence remained relatively weak.?
In an updated report in 2007, growing research liter-
ature supported the use of actigraphy for clinical
application, particularly in the evaluation of circadian
rthythm disorders, insomnia, hypersomnia, and obstruc-
tive sleep apnea (OSA).* This report contributed to
the establishment of a category 3 Current Procedural
Terminology code (ie, emerging technology) for actig-
raphy, which was advanced to a category 1 Current
Procedural Terminology code in 2009.

There are multiple methods for evaluating patients’
sleep complaints, including clinical interviews, sleep
diaries, polysomnography (PSG) (laboratory or home
based), and actigraphy. The usefulness of actigraphy
depends on the specific presenting complaint, and
each of the aforementioned assessment methods has
both advantages and disadvantages. This article reviews
recent studies on the validity of wrist actigraphy in the
assessment of sleep patterns, discusses the use of actig-
raphy relative to other tools available to the sleep med-
icine clinician, and outlines key considerations in the
use of actigraphy in specific sleep disorders patients.

Validation of Wrist Actigraphy vs PSG

In recent years, multiple studies have been pub-
lished on the validity of wrist actigraphy. Tables 1515
and 2'619 summarize 15 studies published since 2004
that compared wrist actigraphy to other established
methods of assessing sleep. In total, 10 studies com-
pared actigraphy to PSG in adults of various ages, and
two compared actigraphy to videosomnography in
infants. Three studies compared wrist actigraphy to
daily sleep diaries. Taken together, these studies sug-
gest that wrist actigraphy is useful in the estimation
of total sleep time (TST), sleep percentage, and wake
after sleep onset (WASO). Findings are less consistent,
however, in terms of estimating sleep-onset latency
(SOL), particularly among patients with sleep disor-
ders. Studies of adults are shown in Table 1; studies
of infants and children are shown in Table 2. Three
additional studies with publication dates prior to 2004
are listed in the AASM practice parameters as pro-
viding level 1 evidence for the use of actigraphy.*
We have focused our discussion on the most recent
studies, given the changes in devices and software
that may decrease the relevance of older studies.

Actigraphy vs Other Methods of Sleep Assessment

When a patient presents with a sleep complaint,
clinicians typically begin with a detailed clinical inter-
view. At times, this interview is sufficient to diagnose
a sleep disorder, whereas at other times additional
assessments are needed. When making the decision
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regarding which assessments are most appropriate,
one must consider the process of differential diag-
nosis, patient burden, cost, and the importance of
understanding sleep in the natural sleep environment
vs documenting the characteristics of sleep archi-
tecture. Table 3 outlines several considerations one
might reflect on in determining the appropriate assess-
ment method(s) to employ.

Sleep diaries represent an important clinical tool
and are often used in the behavioral treatment of
sleep disorders such as insomnia.’ Despite their wide-
spread use, sleep diaries have some limitations. Self-
documentation of sleep frequency and duration can
be prone to systematic biases that have clinical impli-
cations. For example, when documenting adherence
to a sleep schedule using a sleep diary, Carney et al!
reported that bedtime was a full hour earlier than
the bedtime reflected in the actigraphy data. Other
research has shown significant differences in self-
reported documentation of nap frequency, nap dura-
tion, nighttime awakenings, and sleep latency (SL)
compared with actigraphy.? Parents of pediatric
patients have reported TSTs that are significantly
greater (by an average of 1-2 h) than those reflected
in actigraphy recordings of their child.'7? Self-reported
sleep duration in sleep diaries also seems to overesti-
mate time asleep in both young adults®* and elderly
subjects who lack sleep complaints,?> compared with
actigraphy. Although these studies do not imply that
sleep diaries are not clinically useful, they do suggest
that actigraphy may be useful when patient docu-
mentation of sleep habits does not align with other
aspects of the clinical presentation.

Strategies to Enhance Wrist Actigraphy Data

As with any home-based monitoring, the patient
must be provided with detailed instructions about the
device and information on technical support should
problems arise. Typically, the duration of recording
should be 1 week; however, depending on the spe-
cific diagnostic question, recordings of longer or
shorter duration are sometimes indicated. The patient
should be informed that the device records move-
ment (and light, if relevant) and should be provided
with instructions for the removal of the device if it
is not fully waterproof. The patient must then return
the device so the data recorded can be uploaded onto
a computer for scoring and analysis.

The scoring of actigraphy should follow an estab-
lished protocol. Although there is no consensus in
the field on the precise protocol, in general, specific
rules should be in place for the review of recordings
for artifacts, for determining the major sleep period
(typically from “bedtime” to “rise time”), and for
the information to be gleaned from the report. As
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described previously, clinicians can have confidence
in measures of TST, sleep percentage, and amount of
time awake at night. Other variables, such as daytime
napping and SOL, should be interpreted more cau-
tiously. Often, review of the recording in its entirety
can be informative; however, to view night-to-night
patterns, a “double plot” can be useful (as in Fig 1).
In these plots, each day is repeated adjacent to and
below the previous day. This “lines up” the nights of
data and can be particularly useful in depicting circa-
dian rhythm sleep disorders.

The use of a concurrent sleep diary during actigra-
phy recording provides multiple additional benefits:
The diary can contribute backup sleep/wake data in
the event of actigraph malfunction or noncompliance
with its use. The diary can help differentiate awake
but relatively motionless periods from true sleep
when interpreting the actigraph data and, thus, can
potentially improve the accuracy of sleep-onset iden-
tification. The diary provides a place where a patient can
document his/her reasons for napping, arousals, unchar-
acteristic behavior, and so forth, which would assist the
clinician in finding an underlying cause of the disorder.

The exact information gathered depends, in part,
on the device used and the differential diagnostic
considerations. For example, some devices may have
an “event marker” that patients can press when get-
ting in and out of bed. A diary may, therefore, be
needed only to document unusual activities during
the day that might impact the recording (eg, device
removal for sports, travel across time zones). At a
minimum, the patient is typically asked to document
the times he/she got into bed for the night and the
time he/she last arose in the morning. A sample sleep
diary is shown in Figure 2.

Another strategy to enhance the quality of infor-
mation from actigraphy is the inclusion of a light
sensor on the actigraphy device. This can be particu-
larly useful when there are concerns about the reli-
ability of the diary (eg, patient is cognitively impaired
or may be malingering), or simply to verify times
noted in the sleep diary. Commonly, scorers use a
sharp decrease in light levels near bedtime to help
define the major sleep period. Because timed expo-
sure to light is sometimes used in the treatment of
circadian rhythm sleep disorders, the light sensor on
the actigraphy can be used to monitor adherence
to light therapy as well. Figure 3 shows an example
of an actigraphy recording completed in an inpatient
hospital that shows the increase in light levels dur-
ing nighttime awakenings.

Use of Actigraphy Prior to a Multiple SL Test

Patients with disorders of excessive daytime sleep-
iness may sometimes be investigated using a multiple
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SL test (MSLT) to help characterize the severity of
daytime sleepiness or to identify the early onset of
rapid eye movement sleep during the day (which is
characteristic of narcolepsy).202” The MSLT is typically
performed in a sleep laboratory where the patient is
put to bed multiple times at set intervals throughout
the day with the opportunity to sleep. EEG is used to
measure the moment of sleep and rapid eye move-
ment onset during each of the sleep opportunities.
It is critical, however, that the clinician distinguish
between daytime sleepiness resulting from insuffi-
cient nighttime sleep before the MSLT and daytime
sleepiness of an organic origin (eg, narcolepsy). For
this reason, it is necessary to document the patient’s
sleep habits for a period of time prior to the MSLT.
Wrist actigraphy represents a useful tool for objec-
tively documenting sleep habits prior to an MSLT.>”

Several studies suggest that actigraphy may be supe-
rior to other methods for documenting sleep habits
prior to an MSLT in clinical settings. In a study of
54 subjects comparing self-reported sleep schedules,
sleep log recordings, and actigraphy 2 weeks prior
to a MSLIT, sleep logs showed an average of approxi-
mately 1.5 h more sleep a night than actigraphy.
Based on self-report alone, 32% of participants were
sleeping <6 h a night. In this study, actigraphy was
the only modality to show a significant relationship
between average nightly sleep duration and mean SL
on the MSLT. The authors suggest that patients were
inclined to minimize their nighttime sleep disruption
on sleep logs, because the MSLT results often had
job status implications. The benefits of actigraphy to
establish a patient’s sleep schedule prior to an MSLT
have been recognized by the AASM* and in The
International Classification of Sleep Disorders, 2nd
edition?” for use in conjunction with, or as a replace-
ment for, sleep diaries. The 2007 practice parameters
published by the AASM suggest an optional patient-
care strategy to use actigraphy for assessing sleep time
in hypersomnia when sleep log data collection is not
ideal, specifically suggesting actigraphy for patients
with “impaired cognition, literacy or motivation.”™

Of note, studies typically have not included a com-
parison of wrist actigraphy with PSG for the assess-
ment of daytime sleep among patients with daytime
sleepiness. Although one advantage of actigraphy is
the ability to collect information across the 24-h day,
the validity of algorithms used to score sleep at night
may not be directly translatable into scoring of sleep
during the day. Additional research is needed in this
area.

INSOMNIA

Actigraphy can be a useful tool for evaluating
insomnia, particularly because insomnia sufferers
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have a greater propensity for misperceiving their sleep
time than individuals without insomnia and overall
tend to significantly underestimate sleep time.? Study-
ing insomnia using a single-night PSG can conceiv-
ably help quantify TST; however, the “first night
effect” (ie, the impact of testing in the unfamiliar and
restrictive environment of the sleep laboratory) fre-
quently leads to artificially reduced sleep efficiency
and time, and there is evidence that this “first night
effect” is more pronounced in insomniacs® and can
take as much as four polysomnographic studies to
resolve.3 Furthermore, insomniacs have consider-
able night-to-night variability in sleep parameters,
which makes actigraphy better suited for an extended
data-collection period that would be much too costly
and resource intensive for PSG 3132

Actigraphy has been shown to accurately reflect sev-
eral important sleep parameters for the characteriza-
tion of insomnia. When comparing multinight PSG
with actigraphy, it has been shown that the measure-
ments of WASO, TST, and sleep efficiency do not differ
significantly.51* In an article by Sanchez-Ortuiio et al.®
the ability of actigraphy to assess sleep parameters
in insomnia was similar to the accuracy in 31 normal
sleeping control subjects. In a retrospective study
comparing insomnia patients and normal sleepers,
Natale et al” showed the clinical importance of the
sleep parameters of SOL, TST, WASO, sleep effi-
ciency, number of awakenings > 5, and mean motor
activity by demonstrating that they are significantly
worse in insomniacs than in control subjects when stud-
ied by actigraphy. The study found that the combi-
nation of TST, SOL, and number of awakenings > 5
into a single formula was the most effective for dis-
tinguishing insomnia patients from normal sleepers,
with a positive predictive value of 81% and a negative
predictive value of 83%.

As mentioned previously, the reliability of the mea-
surement of SOL by actigraphy as compared with
PSG has been controversial, with studies showing
it to be underestimated!333 or inconsistent.!* None-
theless, some studies have shown that SOL mea-
surements correlate with PSG significantly®* and
correlated better than PSG with subjective percep-
tions of sleep.®

Interpreting sleep onset from lack of movement

sensed by the actigraph can be difficult in sufferers of

insomnia, especially among those patients with diffi-
cult sleep initiation, where the patient may lay quietly
for extended periods of time while awake in bed.10%
The reduced sensitivity of actigraphy in detecting
the onset of sleep in disturbed sleepers (approxi-
mately 0.55) is a major reason why actigraphy is con-
sidered a tool to characterize sleep disruptions or
follow treatment outcomes in known insomniacs,
rather than as a tool to diagnose insomnia.*

www.chestpubs.org

Finally, the identification of a large discrepancy
between actigraphy and self-reported data could sug-
gest the presence of paradoxical insomnia (ie, the
patient’s self-report is not consistent with objective
sleep quality)?” and that the patient would potentially
benefit from psychologic treatment. The actigraphy
tracing can be used clinically in these cases to discuss
potential differences between the patient’s perceived
sleep and objectively recorded sleep.

Circadian Rhythm Sleep Disorders

Actigraphy has been recognized as a tool capable
of diagnosing circadian rhythm sleep disorders.* In
one study, the actigraph device was able to detect and
characterize significant phase advancement (ie, abnor-
mally early sleep timing) in elderly, compared with
younger, subjects.® Cases of phase advancement, as
well as phase delay (ie, abnormally late sleep timing),
were identified in an adult population of 350 subjects
showing excellent concordance with established ques-
tionnaires about circadian preferences.?” In this study,
actigraphy-calculated bed times and wake times dif-
fered by approximately 10 and 20 min, respectively.
Actigraphy has demonstrated usefulness in identi-
fying shift-work sleep disorder by documenting short-
ened sleep times during rest periods classified sub-
jectively as being of poor quality.® Blind subjects
with free-running clocks were identified and had TST
characterization on par with PSG.% Jet lag is another
condition in which actigraphs have been used to suc-
cessfully identify a sleep rhythm disorder.#4!

The use of actigraphy in circadian rhythm disor-
ders is a practical way of logging sleep/wake data
for extended periods of time, which is sometimes
necessary to identify the patterns of circadian rhythm
disorders. The International Classification of Sleep
Disorders, 2nd edition?” requires that at least 7 days
of actigraphy be performed with a sleep diary to
demonstrate consistency in the pathology. The opti-
mum duration for an actigraph study to diagnose cir-
cadian rhythm disorders has not been established,
but Berger et al*2 suggest that as many as 3 weeks are
necessary to obtain valid patterns of activity and sleep
to describe weekly or social rhythms.

Actigraphy can also be used to assess treatment
effects in circadian rhythm disorders. A number of
studies have demonstrated the successful use of actig-
raphy to follow the treatment of phase advancement,*
delay,* jet lag,*> and shift work sleep disorder.#4

Sleep-Disordered Breathing

Approximately 9% of women and 24% of men
under the age of 60 are thought to have OSA.# Given
the high prevalence, full PSG is not a convenient or
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Table 3—Main Advantages and Disadvantages of Actigraphy vs Other Sleep Assessment Methods

Sleep Assessment Method

Main Advantages

Main Disadvantages

Sleep questionnaires

Brief, easily administered in conjunction

Subject to recall biases

with clinical interview
Low patient burden

Sleep diary

Documents habits in the home sleep environment

Provides documentation of daily variability

Limited usefulness in patients who are unable
to self-report reliably (eg, young children,
dementia patients)

Limited validity compared with PSG

Patient burden higher than questionnaires;
requires patient to complete diary each day
for maximum validity

Influenced by patient’s expectations about sleep

Less recall bias than questionnaires because

information is recorded daily
Actigraphy
variability and sleep quality

Records information in the home sleep environment
Not influenced by patient expectations, recall bias,

or memory impairments
Lower cost than PSG
Laboratory PSG

Provides objective information about daily

“Gold standard” objective assessment of sleep

Limited usefulness in assessment of SOL

Higher cost than sleep diaries

Patients should complete sleep diaries concurrently
to enhance quality of information

High participant burden

High cost

Does not provide information on sleep habits
at home

Can lead to a “first night effect” phenomenon

See Table 1 legend for expansion of abbreviations.

cost-effective diagnostic modality to keep up with the
need for screening large numbers of people, many of
whom live far from sleep disorders centers capable of
laboratory PSG. The advent of portable devices that
record overnight pulse oximetry with the addition of
oronasal airflow, respiratory inductance plethysmog-
raphy, snoring, body position and/or heart rate moni-
tors in the early 1990573 started the process toward
successful home diagnosis of OSA.

To provide an optimal assessment of the severity
of breathing disturbances during sleep, such devices
should accurately assess TST so that a similar hourly
index of respiratory events can be compared with
those measured by laboratory PSG. A key concern
of respiratory monitoring is that patients with sleep
apnea may spend significant time awake in bed;
therefore, the respiratory disturbance indices may be
lower when the total recording time is used in the
denominator of the index calculation. In one study,
the use of total time in bed yielded a sensitivity of
only 50% for OSA as compared with PSG. The sensi-
tivity improved to 88% when actigraphy TST was used
instead of total time in bed, suggesting that some tech-
nique to assess TST should be used.>*

One method of circumventing this limitation of
home-based recording is to use an actigraph to esti-
mate TST during the recording; ideally, the acti-
graph should be integrated into the apnea-monitoring
system. TST calculated from actigraph data had only
a mean difference from PSG of 2.5 min in a study of
24 OSA patients,’ although the agreement between
the two methods was found to decrease as OSA

www.chestpubs.org

severity worsened.'> Hedner et al'® found good corre-
lation between actigraphy and PSG for TST, sleep
efficiency, and SL in OSA subjects, and these findings
contributed to the AASM’s recommendation for the
use of actigraphy to aid in the diagnosis of OSA by
providing an estimate of TST during recording.* A
later study by Garcia-Diaz et al'? confirmed that sen-
sitivity in the detection of OSA is enhanced by the
addition of actigraphy in home ambulatory sleep
studies. The improvement in sensitivity, though, was
seen only in patients with severe OSA. The authors
concluded that home studies were useful in OSA
detection and were felt to be an acceptable substi-
tute for laboratory PSG among patients with a high
pretest probability of sleep-disordered breathing.
Although one could make the case that actigraphy is
a more critical addition to home-based OSA screening
when the degree of suspicion is lower, the improved
sensitivity among patients with severe OSA suggests
its routine use is clinically indicated in conjunction
with home-based OSA screening.

Actigraphy for the Assessment of Treatment
Outcomes

Following the changes in sleep schedule over time
allows for actigraphy to help assess and guide the
management of circadian rhythm disorders. Actigra-
phy has also been used to assess sleep in a number of
clinical trials of both pharmacologic® and behavioral
treatments for insomnia.5”58 It has also been used
widely in studies of institutionalized older adults, such
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FIGURE 1. Example of a double-plot of actigraphy data. This plot shows nights of data aligned one above the next. This 5-day recording is
from a 92-year-old female resident of an assisted-living facility and shows a pattern of abnormally increased activity during the nighttime

hours (indicated by arrows).

as those in nursing homes, to assess response to non-
pharmacologic treatments.?% The AASM mentions
the use of actigraphy for such treatment management
as a guideline.* Interestingly, simply the awareness
that one’s sleep schedule is being monitored objec-
tively by a clinician via actigraphy has been shown to
improve compliance with a prescribed sleep routine
and thereby adds to its usefulness in management
follow-up.?!

Sleep Disturbance in Mood Disorders

Sleep abnormalities have been well documented in
the setting of depression and may be a complaint in
as many as 90% of these patients.®! Actigraphy has
demonstrated capabilities in characterizing disturbed
sleep in the context of depression. Chung and Tso6?
found that actigraphy-derived sleep measures of
WASO and TST were independently associated with
subjective pain among 91 studied subjects afflicted
with major depressive disorder, whereas clinician-
rated insomnia and sleep-diary parameters were not
significant predictors of pain severity in this study.
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Variability in sleep duration and fragmentation iden-
tified by actigraphy has been significantly correlated
with subjects documenting considerable life stressors
and especially among those noted to have negative
affect.® Fragmentation of sleep, demonstrated in
wrist actigraphy, has also been shown to correlate with
postpartum maternal depressive symptoms.5465 Dis-
rupted circadian patterns (based on wrist actigraphy)
were also associated with greater depressive and anx-
ious symptoms among cancer patients,%67 elderly
women,® children, and adolescents,® based on mul-
tiple studies. Of note, one large study of >3,000 older
men did not find a relationship between actigraphi-
cally estimated sleep and depressive symptoms but
did find a relationship between self-reported sleep
complaints and depression.™

There is some suggestion that actigraphy could be
used to follow the progress of depression treatment,
given the greater daytime psychomotor retardation
demonstrated by subjects with greater depression
severity.* ™ Depressed patients whose depression has
improved with therapy have shown greater daytime
activity levels,” as well as improvement in SL and
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Instructions for wearing the "Sleep Watch"

In this diary there is a page for every day that
you will be wearing the "sleep watch." Each
morning, please answer the questions about
how you slept the night before. Each
evening, please answer the questions about
your day.

While you are wearing the watch:

* Please do not remove the watch. If you
must remove it, please carefully record the
time you took it off and the time you put it
back on.

* You may take a shower with the watch on,
but please do not submerge it in a bathtub

or pool.

* Do not cover the watch with clothing.

If you have any questions, you can call the
clinic office at (XXX) XXX-XXCK. We will
return your call as quickly as possible

Please return your watch to the clinic on:
at

Date,

Morning questions: Answer the following questions
about your sleep last night.

1. What time did you go to bed last night?
2. What time did you fall asleep last night?

3. Did you wake up during the night last night?
YES NO (circle one)
a. If YES, how many times?
b. If YES, how much time total were you
awake?.

4. Last night, did you take anything to help you
sleep?
YES NO (circle one)
a. If YES, what did you take?
b. [If YES, what time did you take this? ___

5. What time did you get up for the day today?

6. About how many hours did you sleep last night?

Bedtime questions: Answer this question about your
day before you go to bed.

7. Did you take any naps or doze off during the day or

8. Did you take off the sleep watch today?

evening today? YES NO (circie one)

a. If YES, how much time total did you sleep
during the day and evening today?

YES NO (circle one)
a. If YES, what time and for how long?

FIGURE 2. Sample instructions and daily patient log for use with wrist actigraphy.

sleep percentage estimated by actigraphy.™™ There-
fore, actigraphy may help document the benefits
(or lack thereof) of a specific treatment plan for
depression in a given patient. More research is needed
regarding how sensitive and specific actigraphy is
for the characterization of this change in psychologic
state.

Sleep Disturbance in Dementia

Assessing sleep among patients with dementia pre-
sents a particular challenge to clinicians. Because
sleep disruption is a common behavioral symptom
of dementia and contributes to significant challenges
for caregivers, it can become an important focus of
clinical evaluation and intervention.” Actigraphy has
several advantages for patients who are incapable of
reliably completing questionnaires or sleep diaries
because of cognitive limitations, and in cases in which
the disruptions associated with laboratory (or even
home-based) PSG may be impossible for the patient
to tolerate. Nursing home patients are an example of

www.chestpubs.org

a group with considerable challenges in the attainment
of good sleep history or overnight PSG. In nursing
home settings, actigraphy has been validated for the
study of nighttime sleep™ and can provide useful
information on the patient’s sleep habits in the con-
text of the nursing home environment.”$!

Key Limitations of Wrist Actigraphy

Although actigraphy is an objective measure of
sleep vs wakefulness, it has not been validated for
measuring sleep stages. Actigraphy is also prone to
overestimating sleep in certain patient groups. A dis-
cussion of the limitations of this technology is war-
ranted. When comparing actigraphy’s ability to assess
sleep parameters to the “gold standard” of PSG, it
has shown excellent concordance in the measure-
ment of TST among healthy subjects, with a sensi-
tivity > 90%.9105255 However, the ability to detect
sleep is substantially reduced in patients with dis-
turbed sleep (ie, those who have frequent arousals
and reduced TST).91085

CHEST /139 /6 /JUNE, 2011 1523


www.chestpubs.org

300

200

100
TAT

1000 l l

10

0.1
Light
inbed o (=] S} (S S (S S
autotat m (RN AL TRRE TR TR N TE L T )l
03/13/10 10:07:00 03410 03412 03414 03416 0318

119 0310410

FIGURE 3. Seven-day recording of a 66-year-old woman during hospitalization following ankle injury. Arrows indicate periods when lights
were left on after the patient indicated “trying to fall asleep” and occasions when lights were turned on at night. During the day, light levels
reached no higher than 450 lux during the 1-week recording period, confirming that the patient did not go outdoors on any occasion.

With actigraphy, because sleep is inferred from lack
of movement, subjects who are awake but lie motion-
less can be classified incorrectly as being asleep, and
thus the technique is biased toward overestimating
TST, which may lead to incorrectly minimizing the
severity of sleep disturbances. This may present a
specific challenge for patients with insomnia, and
may partially explain the limited validity of wrist actigra-
phy for estimating SOL. This may also be a concern
among individuals who are hospitalized or bed bound,
because these individuals may not have as much
activity during wakefulness.

Finally, the process of scoring wrist actigraphy data
is substantially simplified when a concurrent sleep
diary is maintained by the patient. This enables the
clinician to determine the key period for analyzing
sleep parameters. Typically, the time window between
the patient’s bedtime and morning rise time is con-
sidered the “major sleep period” and used for analysis.
In the absence of such documentation, actigraphy
can still provide a useful estimate of sleep habits
over a 24-h period, but parameters such as TST and
WASO may be of more limited use. A sample “actig-
raphy log” is shown in Figure 2.

SUMMARY AND CONCLUSIONS

Actigraphy represents a useful diagnostic tool for
the sleep medicine practitioner, allowing for assess-
ment of sleep over extended periods of time in the
natural sleep environment. Actigraphy appears to
provide a valid estimate of TST, sleep percentage,
and WASO, but the validity of actigraphy for mea-
suring SOL remains suboptimal. Although actigraphy
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cannot be viewed as a replacement for other assess-
ment tools such as clinical interviews, sleep diaries,
or overnight PSG, it can provide useful information
in the evaluation of insomnia and circadian rhythm
sleep disorders, in the measurement of sleep habits
prior to an MSLT, and as a way to estimate TST in the
recording of sleep-related breathing disorders. Key
limitations remain the absence of validation studies
with many of the commercially available devices and
the use of actigraphy in the assessment of daytime
sleeping.
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