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Study Objectives: This study tested the ecological validity of
actigraphy (ACT) for estimating objective sleep parameters
in participants’ homes. We also examined how well ACT and
polysomnography (PSG) measures discriminated (1) individu-
als with and without insomnia; and (2) nights participants rated
worse, the same as, or better than average.

Methods: Thirty-one primary insomnia sufferers and 31 nor-
mal sleepers completed up to 3 consecutive monitoring nights
with wrist ACT and PSG in their homes. They also rated how
each night compared to their “average night's” sleep. ACT and
PSG measures of sleep onset latency (SOL), wake after sleep
onset (WASO), total sleep time (TST), and sleep efficiency
(SE) were then compared using Bland and Altman correlation-
al procedures and repeated measures ANOVAs. Differences
between groups and among nights assigned distinctive ratings
were tested via mixed-model ANOVAs.

Results: Medium to large between- and within-subject cor-
relations were observed for all measures in the insomnia suf-
ferers sample and for most measures in the normal sleepers
sample. Two (ACT vs. PSG) x 3 (nights) repeated measures
ANOVAs showed that, in both samples, SOL derived from
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ACT was consistently lower than SOL derived from PSG
across the 3 nights of recording. By contrast, ACT and PSG
produced estimates of WASO, TST, and SE that did not dif-
fer from each other across nights. Subsequent 2 (insomnia
vs. normal sleeper) x 3 (worse, same, better than average)
mixed-model ANOVAs showed only ACT SOL discriminated
those with and without insomnia and nights assigned dis-
tinctive ratings. Among the PSG-derived measures, only SE
showed such a pattern.

Conclusions: ACT provides informative data for insomnia suf-
ferers and normal sleepers in their usual sleep environments.
The ACT estimate of SOL seems sensitive to night-to-night dif-
ferences in subjective sleep ratings. A possible strength of ACT
lies in its assessment of nocturnal movement, a parameter dif-
ferent from PSG-based sleep measures.
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ver the past 30 years actigraphy (ACT) has emerged as a

less expensive and less invasive alternative to polysom-
nography (PSG) for the study of sleep/wake patterns in those
with and without sleep disorders."? This is due in part to the fact
that PSG can be too cumbersome for applications in which the
main focus of interest is an estimation of the time an individual
spends sleeping and/or awake, as is the case for many patients
with sleep pathology. In addition, studies with sleep disordered
individuals, such as those with primary insomnia, have shown
there can be great variability in sleep patterns from night to
night.* This observation, in turn, suggests that multiple nights
of PSG recording would be needed to capture objectively how
an insomnia sufferer truly sleeps. In situations when the use of
PSG seems impractical, ACT offers an appealing approach to
assess sleep/wake patterns.

A recent review from the American Academy of Sleep Med-
icine on the role of ACT in the study of sleep and circadian
rhythms? as well as the last update of the practice parameters for
the use of ACT* suggest that, for insomnia, ACT may be most
valuable in assessing treatment effects or night-to-night vari-
ability in individuals’ sleep. However, these reports also point
out that the accuracy of ACT to detect sleep and wakefulness
may decline as sleep efficiency decreases, a problem particu-
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BRIEF SUMMARY

Current Knowledge/Study Rationale: The ultimate advantage of ACT
is the relative ease to which it can be used to assess sleep at home
across many nights. However, most actigraphic validation studies typi-
cally have been conducted in sleep laboratories.

Study Impact: When used in the home setting, ACT can not only pro-
vide a fairly accurate estimation of PSG-derived sleep/wake parameters
(sleep onset, wake time during the night and sleep duration) but also
seems sensitive to night-to-night differences in sleep quality. ACT pro-
vides informative data about the sleep of young insomnia sufferers and
normal sleepers in their usual sleep environments.

larly relevant to insomnia. Since the publication of this report,
only a few studies have assessed the validity of ACT for esti-
mating sleep, as measured by PSG, within insomnia samples.>”’
None of these studies have included a sample of normal sleep-
ers to confirm the hypothesis that the correspondence between
ACT and PSG is diminished when assessing the disturbed sleep
of insomnia sufferers.

On the other hand, when assessing the validity of ACT, a
complete agreement between ACT and PSG-derived measures
has been expected or required in many previous studies. In
such investigations, both measures have then been treated as
if they were alternative and equally valid measures of a neu-
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robehavioral state, and researchers have thereby expected ACT
to completely duplicate PSG results. Whenever a high level of
agreement was not reached, the use of ACT was discouraged.®'°
Nevertheless, this conclusion seems arguable. When assessing
the level of agreement between two methods of measurement,
it is assumed that both methods evaluate the same “construct.”"!
However, although PSG and ACT are meant to provide an es-
timation of the time an individual spends sleeping or awake,
electrographic sleep-wake states and motor activity/inactivity
are not equivalent. ACT measures movement of a limb, and,
although there are sophisticated algorithms that claim to esti-
mate the time an individual spends sleeping and awake based
on movement, we cannot forget that ACT just provides an indi-
rect approximation of sleep/wake as it is commonly defined.'
Nonetheless, the switch from wakefulness to sleep is not a dis-
crete event, but a gradual process that entails a series of events
occurring in a predictable order.” For instance, and as pointed
out by Tryon," if we see sleep onset latency as a gradual pro-
cess that entails a series of changes, we can consider that ACT
(evaluating the absence of movement) and PSG (evaluating an
electrographic state) key on different phases of this process.
Therefore, if we consider absolute values (i.e., number of min-
utes) provided by ACT and PSG, agreement between measures
of sleep onset latency (SOL) may be low. This does not neces-
sarily mean that ACT provides an inaccurate measure of SOL,
but rather that there may be a systematic difference between
measures, even if they are highly correlated.

The utility of ACT could also be considered in light of other
evidence, such as demonstration that ACT tracks changes in
sleep-wake parameters detected by PSG or that sleep/wake vari-
ables provided by ACT reflect differences between insomniacs
and normal sleepers as well as PSG-derived measures do.

Yet another shortcoming concerning the application of ACT
to the study of insomnia is the paucity of studies addressing
the validity of this method in the home setting.'” One of the
most attractive features of ACT is that it permits the evaluation
of sleep in the individual’s usual sleep environment, allowing
for a more ecologically valid approach for sleep assessment.
Interestingly, the studies assessing the comparability of ACT
and PSG-derived sleep measures have been conducted almost
invariably in controlled laboratory settings.'>'® Nonetheless, in-
home ACT and PSG recordings might be differentially reactive
to behavioral and environmental factors that are absent in the
controlled laboratory setting. Thus, lab ACT/PSG comparisons
do not necessarily provide impressions that generalize to in-
home sleep settings.

The current study was designed to overcome some of the lim-
itations of the previous literature about ACT and insomnia. We
compared sleep/wake variables obtained from ACT and PSG
in the individual’s usual home sleep environment. As ACT and
PSG provide two different ways of assessing sleep and wake,
we first assessed the relationship of these measures across mul-
tiple nights of recording in a sample of insomnia sufferers and
in a sample of normal sleepers. We then assessed whether the
differences in sleep/wake variables derived by ACT and PSG, if
existent, are held constant across different nights of recording.
Secondly, we examined if the sleep/wake variables obtained
from both ACT and PSG can be informationally equivalent for
distinguishing clinically identified groups of insomnia sufferers
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and normal sleepers and for detecting subjective sleep quality
differences across nights.

MATERIAL AND METHODS

Design

This study used a mixed factorial design. Independent
groups of age- and gender-matched primary insomnia suffer-
ers and non-complaining normal sleepers comprised the study
sample. The participants for the current study were all young
adults between the ages of 20 and 39 years, drawn from a larger
study conducted to compare the home and laboratory sleep pat-
terns of adult insomnia sufferers and normal sleepers. All study
procedures were reviewed and approved by the Institutional
Review Boards of the VA Medical Center and Duke University
Medical Center in Durham, NC. All participants provided writ-
ten informed consent to undergoing study-related procedures
at their times of enrollment. Upon completion of their study
participation, they received financial compensation ($250.00)
for their study involvement, as well as reimbursement for the
parking expenses they incurred.

Participants

Study participants were recruited between October 1999 and
October 2001 via posted announcements at a VA and affiliated
university medical center, flyers posted in public libraries, and
face-to-face solicitations of patients presenting to our univer-
sity sleep disorders center. Prior to their acceptance into the
study, all participants underwent a thorough screening that in-
cluded structured psychiatric'” and sleep interviews,'® a medical
exam, thyroid (TSH level) screening, and 2 nights of screening
PSG to rule out occult primary sleep disorders. The insomnia
sufferers reported sleep complaints consistent with Diagnostic
and Statistical Manual for Mental Disorders (DSM) criteria for
primary insomnia (e.g., > 6 months of difficulty initiating or
maintaining sleep or nonrestorative sleep with accompanying
daytime deficits).!"** The normal sleepers enrolled were adults
who reported no sleep complaints and did not meet structured
interview criteria'® for any sleep disorder.

Exclusion criteria were: (a) a sleep-disruptive medical condi-
tion (e.g., theumatoid arthritis); (b) a current major psychiatric
(Axis I) condition on the basis of a Structured Clinical Interview
for Psychiatric Disorders (SCID)'; (c) sedative hypnotic depen-
dence and unwillingness/inability to abstain from these medica-
tions while in the study; (d) use of anxiolytics, antidepressants,
or any other psychotropic medication; or (¢) apnea/hypopnea
index > 15 or a periodic limb movement-related arousal index
> 15 during on screening PSG. In addition, we excluded insom-
nia sufferers who met structured interview criteria'® for another
sleep disorder in addition to primary insomnia.

A total of 67 young adults were enrolled; 5 of these
were dropped from the current study analyses because they ei-
ther failed to complete any nights of home sleep monitoring or
because technical problems resulted in data loss for the nights
of home recording they completed (see section below). As a
result, the final sample consisted of 62 participants. Thirty-one
participants met criteria for primary insomnia, and the remain-
ing 31 met selection criteria for normal sleepers. A total of



64.4% of participants within each group completed the 3 nights
of recording. Eight insomnia sufferers and 8 normal sleepers
had 2 nights available, and 3 participants in each group had just
one night of recording.

Polysomnography

Participants were asked to complete 3 consecutive nights
of PSG in their homes and another 3 consecutive nights in
the sleep laboratory. The location of PSGs (lab vs. home) was
randomly determined so that roughly one-half of the men and
women in each study sample first underwent lab recording
and the other half completed home monitoring first. All PSGs
were conducted using 8-channel Oxford Medilog 9000 or 9200
model ambulatory cassette recorders. The monitoring montage
included 2 electroencephalogram (EEG) channels (C,-A,, O -
C)), bilateral electrooculogram (EOG), submental electromyo-
gram (EMG), 2 channels of anterior tibialis EMG (right and
left leg), and a nasal-oral thermistor. Although PSG typically
includes additional respiratory measures (respiratory effort,
oximetry) to detect breathing abnormalities, it was thought
that monitoring of nasal/oral airflow, along with our thorough
interview screening for apnea, would be sufficient to identify
individual in this young adult cohort with an apnea-hypopnea
index above the exclusionary cut-off. Polysomnograms with
30-s epochs were recorded and scored using traditional scoring
criteria for assignment of sleep stages, identification of respi-
ratory events (e.g., apneas, hypopneas), and identification of
periodic limb movements and periodic limb movement-related
arousals.'22!-2

To address this study’s objectives, values of time in bed
(TIB), total sleep time (TST), sleep onset latency (SOL), wake
time after sleep onset (WASO), and sleep efficiency (SE) were
derived from the home PSGs obtained from each participant.
SOL was defined as time (min) from lights-out to the first epoch
of any sleep stage, WASO was defined as total time of wake af-
ter sleep onset and until final awakening, TST was the total time
of sleep (all stages combined) recognized by PSG, and TIB was
ascertained by an event marker that the participant activated
upon retiring to and arising from bed each night. The total time
between the indicated time of retiring and subsequent time of
arising signaled by the event marker entries constituted TIB. SE
was calculated with the formula [TST + TIB] x 100%.

Actigraphy

On all nights participants completed PSG studies, they also
were asked to wear an actigraph on their non-dominant wrists
to derive movement-based estimates of sleep/wake parameters.
Mini-Mitter Actiwatch devices (Mini-Mitter Co., Sun River,
OR) were used to acquire the measures. The Actiwatch con-
tains a calibrated accelerometer, an event marker, and 32 K
memory storage apparatus, housed in a casing that, in size and
shape, resembles a wristwatch. It is designed to interface with
a PC computer via a specially designed reader/interface unit.
PC Windows-style software accompanies the Actiwatch and is
used to program the recording unit, download data into stor-
age, and employ a scoring algorithm that provides estimates of
various sleep parameters. The default threshold, i.e., medium
sensitivity, was used for inferring wake. If the summed activity
score was above the defined threshold, the epoch was scored
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as wake; otherwise, it was scored as sleep. Actigraphic data
during 1-min epochs were then scored as sleep or wake. With
its default parameters, the software estimated sleep onset auto-
matically by searching for the fist 10-min immobility interval
in which there was some measured activity in no more than one
epoch. The software then established that the first minute of this
10-min immobility period was the time of sleep onset. In the
same way, sleep offset was automatically inferred by detecting
the last 10-min immobility period containing no more than one
epoch with any motion count. The last minute of that period
was determined as the end of sleep.

For the purposes of this study, actigraphic estimates of TIB,
TST, SOL, WASO, and SE were obtained for each night of
home monitoring. The definitions of these measures were the
same as those used in PSG. When the ACT and PSG devices
were initialized and programmed for each recording night, their
internal clocks were synchronized to assure that data derived
were obtained from comparable blocks of time. This procedure
was accomplished using a computer containing scoring and
programming software for each device.

Sleep Diaries

Participants completed paper and pencil sleep diaries each
morning subsequent to each night of PSG/ACT monitoring.
Sleep diary items included questions about the previous night’s
bedtime, rising time, sleep onset latency, wake time during the
night, time of final awakening, final rising time, and sleep qual-
ity. In addition, the diary asked the respondent to evaluate each
night as compared to the respondent’s average night of sleep
using a 5-point Likert scale (1 = much worse; 5 = much better).
Only the data acquired in response to this last question about
the subjective evaluation of sleep were extracted for use in this
current study. For data analyses, the responses to this question
were collapsed into 3 categories: “same”, “worse” (comprising
the answers “much worse” and “worse”), and “better” (com-
prising the answers “much better” and “better”).

Procedure

All home PSG studies were scheduled for nights when par-
ticipants planned to have no overnight houseguests. Participants
who reported recent use of sleep medications were required to
abstain from these medications > 2 weeks prior to their first se-
ries of sleep monitoring nights and to not resume these medica-
tions until they completed all nights of monitoring. Finally, they
were instructed to abstain from alcoholic beverages and to not
consume caffeinated substances after 18:00 on study nights.

Prior to scheduling the monitoring nights, participants were
interviewed to determine their customary bedtimes and rising
times. Each participant was then instructed to adhere to his/
her customary bed- and rising times on all monitoring nights.
On dates home PSG studies were scheduled, participants re-
ported to the sleep laboratory between 14:00 and 17:30 for
electrode attachment and receipt of an actigraph before return-
ing home where they were encouraged to follow their usual
evening routines. Each individual was also instructed to sleep
in her/his usual bedroom with her/his usual bed partner if such
an individual was typically present. In the morning, they re-
turned to the sleep laboratory for removal of electrodes and to
return the actigraph.
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Data Analyses

Differences between the 2 study samples in sociodemo-
graphic characteristics and health-related variables were exam-
ined using ¢-tests for continuous data and y? tests for categorical
data.

Since the distributions for SOL, WASO, and SE were skewed,
scores were transformed to normalize these distributions. SOL
scores were normalized using the formula 1/(SOL+10), WASO
scores were normalized by using log(WASO), and SE data
were normalized by SE°. Hence, all statistical analyses were
performed with normally distributed or normalized data.

Relations between the sleep/wake variables derived from
PSG and ACT were assessed by correlation coefficients. As we
had more than one night of recording for most participants, and
the number of nights available for each participant varied (most
of the participants had 3 nights of recordings, but others had just
2 or one), we calculated a weighted correlation coefficient us-
ing the procedure suggested by Bland and Altman.?* This analy-
sis takes into account the number of nights each participant had
available (i.e., 1, 2, or 3 nights), using the number of nights as
weights. The coefficient obtained is interpreted as a standard
correlation coefficient (Pearson correlation coefficient).

In addition, as we had repeated nights of recordings on most
of the participants, we complemented the weighted correlation
coefficient with another measure of association, the correla-
tion within subjects. This approach tells us whether a change
in PSG-derived variables across nights within the individual is
associated with a change in ACT-derived variables. That is, this
correlation coefficient is a measure of how changes in one of the
measures are paralleled by changes in the other measure within
participants across nights. The correlation coefficients within
subjects were calculated via multiple regression according to
the method described by Bland and Altman. In the regression
model, the PSG-derived variable was designated as the outcome
variable and the ACT-derived variable was used as a predictor
variable (identical results are obtained if the model is specified
the other way around). Participant was treated as a categorical
factor; that is, indicator variables for each participant were also
entered as predictors in the regression. The within-subject cor-
relation coefficient was calculated from the sum of squares for
the ACT-derived variable and the residual sum of squares, as
described by Bland and Altman.” The hypothesis test that there
is no within-subject correlation is equivalent to the test that the
regression slope corresponding to the ACT-derived variable is
zero. These correlation coefficients were calculated separately
in the group of normal sleepers and in the group of insomnia
sufferers. We interpreted the magnitude of the correlation coef-
ficients using the guidelines provided by Cohen®; correlation
coefficients < 0.30 are considered small, those ranging from
0.30 to < 0.50 are considered medium, and those > 50 are con-
sidered large. Correlation coefficients obtained in the sample of
normal sleepers and in the sample of insomnia sufferers were
compared to ascertain if they were significantly different. To
aid in this determination, we used the reference tables provided
by Millsap et al.”’

We also wished to determine whether the ACT-derived and
PSG-derived values of each of the sleep measures examined
differed within and across recording nights. To address this ob-
jective we conducted a series of repeated measures analyses
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of variance (ANOVAs) using each of the 4 sleep measures,
i.e., SOL, WASO, TST, and SE, as dependent variables. Our
statistical approach included a first set of mixed-model ANO-
VAs with one fixed factor, i.e., group (insomnia sufferers vs.
normal sleepers), and 2 repeated factors, method (ACT vs.
PSG) and night. These analyses were conducted to determine
if any differences noted between ACT and PSG measures were
consistent across the 2 participant samples. To make this de-
termination, we examined the group x method and group x
method % night interaction terms for each ANOVA conducted.
Inasmuch as none of these interaction terms was statistically
significant (see Results section), we subsequently conducted
a series of 2 (ACT vs. PSG) x 3 (nights) repeated-measures
ANOVAs in each sample separately to examine the compara-
bility of sleep measures derived from the 2 recording methods
across nights.

Finally, to test the performance of ACT and PSG to detect
differences in sleep/wake parameters (1) between insomnia
sufferers and normal sleepers and (2) among nights assigned
distinctive subjective evaluations (i.e., my sleep last night was
worse, same or better than average), linear mixed models were
conducted. This procedure was chosen for analysis as it pro-
vides omnibus tests for between-group (normal vs. insomnia
participants) and within-group (subjective evaluation of sleep
for each of the 3 nights of recording) effects. These models were
run separately for ACT and PSG outcomes. Data were analyzed
using Proc GLM for the repeated-measures ANOVAs and Proc
MIXED for the linear mixed models with SAS statistical soft-
ware, version 9.1.% For all statistical hypothesis tests, a 2-tailed
p value < 0.05 was regarded as statistically significant.

RESULTS

Comparison of Sociodemographic and Health-Related
Variables

A total of 19 women (61.3%) were included in the insomnia
sufferers group. The mean age of this group was 28.2 y (SD =
6.0 y), and they averaged 16.6 y (SD = 2.2 y) of formal educa-
tion. Of these individuals, 15 were Caucasians, 10 were African
Americans, 3 were Asians, and the remaining 3 had other di-
verse ethnic backgrounds. Eighteen women were included in the
group of normal sleepers (58.1%). The average age in this group
was 28.2 y (SD = 5.0 y) and they had an average of 16.8 years
(SD = 2.5 y) of formal education. Twenty-two of the normal
sleepers were Caucasians, 5 were African Americans, 3 were
Asian Americans, and the remaining individual had a biracial
background. The 2 samples did not differ significantly in regard
to these sociodemographic characteristics (all p values > 0.28).
In terms of health-related characteristics, both samples had a
mean body mass index within the normal range (< 25). The av-
erage number (SD) of caffeinated beverages consumed per day
was 1.5 (2.3) in the group of normal sleepers and 1.2 (1.2) in
the group of insomnia sufferers. Three individuals (6.6%) in the
group of insomnia sufferers were smokers, whereas all normal
sleepers reported being non-smokers. None of these 3 variables
differed significantly across groups (all p values > 0.15). De-
scriptive data of demographic and health-related characteristics
are summarized in Table 1.
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Table 1—Sociodemographic and health-related characteris-
tics of participants

Normal Insomnia
sleepers sufferers
(n=31) (n=31)
Age, mean (SD), y 28.3(4.9) 28.4 (6.0)
Education duration, mean (SD), y 16.7 (2.5) 16.6 (2.2)
Sex, No. (%), Female 18 (58.1) 19 (61.3)
Ethnic group, No. (%)
Caucasian 22 (71.0) 15 (48.4)
African American 5(16.1) 10(32.3)
Asian 3(9.7) 3(9.7)
Other 1(3.2) 3(9.7)
Body mass index, mean (SD) 25.1(5.5) 249 (5.1)
Non-smokers, No. (%) 31(100) 29 (93.4)
Caffeine consumption, 15(23) 12(1.2)

No. drinks/day, mean (SD)

Correlations Between ACT and PSG-Derived Sleep/
Wake Variables

The correlation coefficients between subjects and within
subjects for each one of the sleep/wake variables recorded by
ACT and PSG are presented in Table 2. Between-subject corre-
lation coefficients were all positive and significant in the group
of insomnia sufferers as well as in the group of normal sleepers.
Comparisons of the correlation coefficients between subjects
obtained in both samples showed that they did not differ sig-
nificantly. Correlations within subjects in the group of insomnia
sufferers were all positive and significant, ranging in magnitude
from 0.41 for SE to 0.73 for TST. According to Cohen’s guide-
lines for interpreting the magnitude of correlation coefficients,
the correlations for WASO and TST were large, whereas cor-
relations for SOL and SE were medium in size. By contrast, not
all the within-subjects correlation coefficients were significant
in the group of normal sleepers. The correlation value for SE in
this group did not reach statistical significance. Correlation for
TST was large, whereas correlations for SOL and WASO were
just medium in magnitude. Again, the comparisons of the cor-
relation coefficients within subjects obtained in both samples
showed that they did not differ significantly.

Discrepancies Between ACT and PSG-Derived Sleep/
Wake Variables

The raw mean values and standard deviations of sleep/wake
variables for ACT and PSG across the 3 nights of recordings are
shown in Table 3. The group x recording method and group x
recording method x night interaction terms tested for each sleep/
wake variable (SOL, WASO, TST, and SE) were all not signifi-
cant (p values = 0.15 to 0.84). These findings suggested that the
differences between ACT- and PSG-derived variables did not
vary across the 2 participant samples. Results of the subsequent
2 (PSG vs. ACT) x 3 (nights) repeated-measures ANOVA with
SOL as the outcome showed a significant main effect for method
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Table 2—Two types of correlation coefficients (between
subjects and within subjects) of actigraphy- and polysom-
nography-derived sleep/wake variables

Insomnia sufferers (n = 31) Normal sleepers (n = 31)

Correlations  Correlations Correlations  Correlations
between within between within
subjects subjects subjects subjects

SOL 0.57*** 0.43** 0.80*** 0.41**
WASO 0.85** 0.52*** 0.78*** 0.32*
TST 0.92*** 0.73*** 0.93*** 0.74***
SE 0.77+** 0.41** 0.81*** 0.23

Tests of significance of correlation coefficients: *p < 0.05, **p < 0.01,
***p < 0.001. SOL, sleep-onset latency; WASO, wake after sleep onset;
TST, total sleep time; SE, sleep efficiency

Table 3—Raw means and standard deviations of sleep/wake
variables derived by actigraphy (ACT) and polysomnography
(PSG) across 3 nights of recording

Insomnia sufferers (n,) Normal sleepers (n,)

soL PSG ACT PSG ACT
Night 1 28.92(28.20) 17.80(15.60) 10.75(7.14) 10.43 (10.10)
Night2 32.21(48.88) 25.28 (44.45) 15.28(13.98) 12.28 (19.28)
Night3 26.21(28.81) 16.58(19.33) 13.48 (11.45) 10.92 (15.14)
WASO

Night 1 41.56 (26.66) 39.84 (26.06) 49.75 (41.61) 36.04 (28.88)
Night2 40.79 (21.83) 45.75(20.12) 45.26 (63.89) 40.40 (36.77)
Night3 33.75(20.56) 40.85(24.77) 29.31(14.06) 36.42 (22.17)
TST

Night 1 376.48 (62.96) 387.80 (55.41)

Night 2 387.68 (79.19) 398.11 (71.83)

Night 3 383.28 (71.62) 386.46 (61.50)
SE

Night1 84.68 (6.53) 85.85 (4.50)

Night2 84.16 (10.09) 83.80 (8.04)

Night3 86.80 (6.99) 85.14 (6.85)

391.02 (74.32) 407.11 (62.44)
389.00 (81.15) 395.72 (61.58)
390.46 (49.43) 382.58 (51.83)

86.44 (10.32) 87.70 (6.91)
86.61 (15.17) 87.08 (10.55)
90.25 (3.83)  86.80 (8.25)

SOL, sleep-onset latency (in minutes); WASO, wake after sleep onset
(in minutes); TST, total sleep time (in minutes); SE, sleep efficiency (in
percentage). Sample size: Night 1: n, = 25, n, = 28; Night 2: n, = 28,
n, = 25; Night 3: n, = 26, n, = 26

of measurement within both samples (in the insomnia suffer-
ers group, F, . = 10.10, p = 0.002, and in the normal sleep-
ers group, £, = 9.71, p = 0.002). These findings suggested
that mean PSG-derived SOL was significantly higher than mean
ACT-derived SOL in each of the 2 samples. By contrast, no sig-
nificant main effect for night or interaction effect was found in
either sample, indicating that ACT SOL consistently underesti-
mated PSG-derived SOL across the 3 nights of recording. As for
the other sleep/wake variables (WASO, TST, and SE), results of

1,152
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Figure 1—Raw mean sleep-onset latency values (in
minutes) and standard errors derived by actigraphy
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Figure 2—Raw mean sleep-onset latency values (in
minutes) and standard errors derived by polysomnography
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Figure 3—Raw mean sleep efficiency values (in percentage)
and standard errors derived by polysomnography
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the 2 (PSG vs. ACT) x 3 (nights) repeated-measures ANOVA
showed no significant main or interaction effects within either
the insomnia or normal sleepers groups (all p values > 0.14).
Hence, these sleep/wake measures obtained from ACT and PSG
did not differ significantly from each other in either sample
across the nights of sleep recordings conducted.
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Detecting Differences in Subjective Sleep Assessments

Results of the 2 (Group: insomnia vs. normal) X 3 (Subjec-
tive evaluation of sleep: worse vs. same vs. better) ANOVAs
conducted with the ACT-derived SOL as outcome showed a
significant group main effect (<, ., = 7.8, p=0.007). As shown
in Figure 1, mean ACT-derived SOL was significantly higher
in the group of insomnia sufferers than in the group of normal
sleepers. ANOVA results also showed a significant main effect
for inter-night subjective evaluation of sleep (£, = 5.8, p =
0.005). Subsequent pairwise post hoc comparisons revealed
that ACT-derived SOL was significantly lower when nights
were rated as “better than average” than when they were rated
as “same as average” or “worse than average” (both p values <
0.05). No other pairwise comparisons were significant. In addi-
tion, no group x subjective evaluation of sleep interaction effect
was found. Figure 1 shows plots of the raw mean data of both
groups across different subjective evaluations of sleep.

By contrast, for PSG-derived SOL we just found a significant
group effect (F, (,=11.32,p=0.0013). Subjective evaluation of
sleep and the interaction effects were not significant, suggesting
the lack of sensitivity of PSG-derived SOL for detecting differ-
ences in subjective evaluations of sleep across groups. Figure
2 shows plots of the raw mean data of the 2 groups (insomnia
sufferers and normal sleepers) across different subjective evalu-
ations of sleep.

Surprisingly, results from the similar ANOVAs showed the
groups of normal sleepers and insomnia sufferers did not differ
significantly on measures of TST and WASO derived from both
PSG and ACT. In addition, TST and WASO values did not show
any significant variation across nights rated worse, the same as,
or better than normal. When considering SE, PSG-derived val-
ues were significantly lower in the group of insomnia sufferers
than in the group of normal sleepers (¥, ( = 5.4, p=0.02). Fur-
thermore, PSG-derived SE values differed significantly across
nights assigned distinctive subjective evaluations (£, = 3.9, p
= (0.02), whereas no significant group X subjective evaluation
of sleep interaction effect was noted for this measure. Pairwise
post hoc comparisons revealed that PSG-derived SE was signif-
icantly lower when nights were rated worse than average than
when they were rated as same as average or better than average
(both p values < 0.04). Mean SE PSG-derived values for both
groups and for the 3 distinctive subjective evaluations of sleep
are shown in Figure 3. By contrast, the ANOVA conducted
with ACT-derived SE values did not show any significant main
or interaction effects.

DISCUSSION

Previous studies have led to the impression that ACT pro-
vides reasonable estimates of nocturnal sleep/wake measures
in insomnia samples, although this technique may provide the
most accurate sleep estimates among individuals without sig-
nificant sleep disturbances.” However, preceding studies con-
cerning the validity of ACT failed to evaluate this technique
across multiple nights of home recording in both insomnia and
normal sleeper samples. In order to overcome these limitations
and enhance the ecological validity of its results, the current



study enrolled samples of normal sleepers and insomnia suffer-
ers who then underwent multiple nights of simultaneous ACT
and PSG monitoring while sleeping in their usual home sleep
setting. The results obtained contrast somewhat with the im-
pressions provided by previous studies®® and suggest that in-
home ACT produces reasonably valid estimates of sleep/wake
measures in both insomnia and normal sleeper samples.

Support for this contention comes from our within- and
between-subjects correlational analyses as well as from com-
parisons of mean sleep/wake measures derived from ACT and
PSG within each of our samples. The weighted between-sub-
jects ACT/PSG correlations were, for the most part, moderately
high, suggesting that ACT varied in a manner similar to PSG
across participants within both study samples. Furthermore,
our ANOVAs showed that the values of WASO, TST, and SE
derived from ACT and PSG did not differ significantly in our
study samples. Hence, if we use PSG as the “gold standard,”
these sleep/wake parameters seemingly can be accurately in-
ferred from ACT in young normal sleepers and insomnia suffer-
ers. By contrast, ACT-derived SOL was significantly lower than
PSG-derived SOL. Nevertheless, the differences between ACT-
derived SOL and PSG-derived SOL were consistent across the
3 nights of recording, i.e., the interaction effect method x night
was not significant. This finding is in agreement with Tryon’s'*
hypothesis stating that the fact that ACT-derived SOL system-
atically precedes PSG-derived SOL demonstrates that ACT
validly keys on an earlier phase of the sleep onset spectrum;
hence, differences between ACT and PSG are not random mea-
surement error.

Of particular interest is the fact that ACT performed rela-
tively well for estimating sleep among the insomnia sample.
Indeed, the ACT/PSG correlations found in our group of insom-
nia sufferers did not differ significantly from those found in our
group of normal sleepers. Moreover, the differences between
ACT-derived and PSG-derived values were the same in both
groups, e.g., the interaction term group (normal vs. insomnia
participants) x method (ACT vs. PSG) x nights, tested for each
sleep/wake variable, were all nonsignificant. These results are
in stark contrast with the commonly held notion that the corre-
spondence between ACT and PSG may be poorer among groups
with marked sleep disruption,>®* as is the case in insomnia.
This view has been suggested repeatedly in many previous
studies with insomnia samples,*’ yet none of these studies have
included a sample of normal sleepers, assessed with the same
ACT device and the same scoring algorithm, to directly test this
assumption. Of course, our correlational findings could be ex-
plained by the fact that, for our group of healthy young normal
sleepers, the range of variability of sleep/wake variables was
much more restricted than we observed for our insomnia suffer-
ers. This restricted range, thus, could have produced small r val-
ues in the group of normal sleepers, and could have explained
the absence of differences between the correlation coefficients
computed in both groups. Nonetheless, our subsequent find-
ings comparing the differences between ACT and PSG-derived
measures across both groups tend to reduce concerns about the
diminished validity of ACT for estimating sleep/wake measures
among young insomnia samples.

In both samples, the within-subjects correlation coefficients
obtained were, for the most part, significant and fell in the me-
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dium to large range of magnitude. These results offer a comple-
mentary view of the relationship between ACT and PSG. Such
a finding points out that ACT seems rather sensitive to PSG-de-
tected sleep/wake variability within participants across nights.
This further suggests that ACT has the potential for tracking the
natural night-to-night variability of a given individual’s sleep,
rather than indicating that ACT may be useful in the measure-
ment of treatment effects, as has been suggested elsewhere.?*!
Although it has been concluded from previous studies that ACT
is a useful device for measuring treatment response,** it should
be kept in mind that certain therapies could differentially af-
fect the parameters assessed by ACT and PSG. For example,
because research has shown that hypnotic use decreases motil-
ity,*® it could be hypothesized that ACT may be more sensi-
tive than PSG to detect any treatment effect in this situation.
Furthermore, after treatment, the correspondence between PSG
and ACT may not be the same as before treatment.

Another question addressed in this paper was whether esti-
mates of sleep/wake variables derived from in-home ACT were
sufficiently sensitive to distinguish insomnia sufferers from
normal sleepers. In addition, and as a subsidiary issue, this
same question was asked of our in-home PSG monitoring. As
expected, mean sleep-onset latencies derived from both ACT
and PSG were significantly higher in the group of insomnia
sufferers. This indicates that ACT may be as sensitive as PSG
to detect a clinical group of insomnia sufferers based on their
mean sleep-onset latencies.

Perhaps one of the most striking results of this study was
the sensitivity of actigraphically derived SOL to discriminate
among nights assigned ratings of “worse,” “the same as,” or
“better than” average in both study groups. By contrast, sleep
onset latency derived by PSG did not show such a pattern. A
possible strength of the ACT lies in its assessment of small
movements during sleep, a parameter that is very different from
the ones assessed by PSG. Furthermore, since anxiety may be
accompanied by greater movement, ACT assessment of SOL
may be reflecting differences in the level of anxiety in our sam-
ples. In fact, it has been reported that high anxiety and worry
in otherwise healthy individuals is related to greater percent-
age of light sleep relative to those with low anxiety and wor-
ry-proneness.** Nonetheless, the hypotheses that our insomnia
sample had higher anxiety levels than did our normal sleepers
sample, and that higher levels of anxiety in both samples could
have accounted for greater movement and lower sleep quality
cannot be answered with our data. What we can surmise from
our results is that perceived sleep quality may be related to the
amount of movement that takes place while the individual is
in bed attempting to fall asleep. This idea may open up a new
research avenue about objective correlates of sleep quality that
could not be pursued by PSG alone.

Of course, we should also note that our PSG measures of
SE did perform like ACT SOL in discriminating our participant
groups and nights they assigned distinctive subjective ratings.
As is commonly recognized, SE is a composite measure that
considers the balance between sleep time and wake time during
the designated sleep period. In other words, this PSG-derived
measure serves as an overall index of sleep consolidation and,
thus, likely reflects group and night-to-night differences in
qualitative aspects of sleep. It would appear from our data that
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PSG-derived SE functions much better in this regard than SE
values derived from ACT. This would imply that the individual
components that constitute ACT SE do not function in concert
to reflect the same sleep dimensions as does PSG SE. Addi-
tional studies seem needed to help determine how ACT SE can
be best employed in characterizing the sleep of groups such as
those included herein.

The ultimate advantage of ACT is the relative ease to which
it can be used to assess sleep at home across many nights, away
from the distorting influences of the laboratory.! However, most
actigraphic validation studies have been conducted in sleep lab-
oratories, where the individual is under close supervision and
control. These circumstances eliminate many potential artifacts
and measurement errors that exist in natural settings. In keep-
ing with this, Sadeh et al.! suggested that the accuracy of ACT
might be compromised in settings where individuals are free
to sleep in their natural environment. Nevertheless, as shown
by the present study, when ACT is used in the home setting,
one can get a fairly accurate determination of sleep onset, wake
time during the night, and sleep duration.

In reviewing our results, it is important to consider this
study’s limitations. We used data drawn from a convenience
sample that participated in a larger study designed and pow-
ered to address markedly different objectives. Admittedly, our
sample for this study was, at best, moderate in size. Hence, it
could be argued that the observed nonsignificant differences
comparing means from ACT and PSG could be the result of
insufficient power to detect differences between these devices.
Yet, another study with a more sizeable sample of insomnia suf-
ferers (n = 57) reported findings that are broadly in keeping
with ours.® Additionally, our sample consisted of only young
normal sleepers and non-clinical insomnia sufferers who pre-
sented to us as research volunteers. Whether our findings apply
to normal sleepers in general, other age groups, and clinical
samples of insomnia patients, remains to be determined. Al-
though we screened all enrollees with PSG to rule out sleep
apnea, our recording montage did not include the array of re-
spiratory indices usually employed in diagnostic PSG. Con-
sequently, it is possible that some of our participants suffered
from occult sleep disordered breathing rather than the primary
insomnia diagnosis they were assigned. Another factor that pre-
cludes the generalization of these results is the algorithm used
to score the data. The present study used the default scoring
algorithm of a particular ACT device. However, it is possible
that other scoring algorithms could yield different estimates of
sleep/wake variables. Sadeh et al.,*® for example, have reported
such results. In addition, it may be that an algorithm appropriate
for young insomniacs may not be appropriate for elderly ones.
Thus, replications of this study with clinical insomnia suffer-
ers, other age groups, and other ACTs utilizing alternative al-
gorithms may be useful. Despite such limitations, our findings
suggest that ACT may provide informative data about the sleep
of insomnia sufferers and normal sleepers in their usual sleep
environments.
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