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Abstract

Background—Actigraphy is commonly used to measure sleep outcomes so sleep can be
measured conveniently at home over multiple nights. Validity of actigraphy has been demonstrated
in people with sleep disturbances; however, validity of scoring settings in people with chronic
medical illnesses such as chronic obstructive pulmonary disease remains unclear. The purpose of
this secondary analysis was to compare actigraphy customized scoring settings with
polysomnography for measurement of sleep outcomes in people with chronic obstructive
pulmonary disease who have insomnia.

Methods—~Participants underwent overnight sleep assessment simultaneously by
polysomnography and actigraphy at the University of Illinois of Chicago Sleep Science Center.
Fifty participants (35 men, 15 women) with mild to severe chronic obstructive pulmonary disease
and insomnia were included in the analysis. Sleep onset latency, total sleep time, wake after sleep
onset, and sleep efficiency were calculated independently from data derived from
polysomnography and from actigraphy. Actigraphy sleep outcome scores obtained at the default
setting and several customized actigraphy settings were compared to the scored polysomnography
results.

Results—Although no single setting was optimal for all sleep outcomes, the combination of 10
consecutive immobile minutes for sleep onset or end and activity threshold of 10 worked well.
Actigraphy overestimated TST and SE and underestimated WASO but there was no difference in
variance between PSG and actigraphy in TST and SE when the 10*10 combination was used. As
the average TST and SE increased, the agreement between PSG and actigraphy appeared to
increase and as the average WASO decreased, the agreement between PSG and actigraphy
appeared to increase.

Conclusion—Results support the conclusion that the default actigraphy settings may not be
optimal for people with chronic obstructive pulmonary disease and insomnia.
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1. Introduction

Chronic obstructive pulmonary disease (COPD) is a common chronic illness worldwide[1].
It is estimated that more than half of people with COPD (emphysema or chronic bronchitis)
report insomnia[2,3], and the prevalence of insomnia in COPD is increasing[4]. People with
COPD commonly experience fatigue, anxiety, and depression that interfere with daily
activities and could be related to disturbed sleep[5]. Accordingly, studies are urgently
needed of sleep disturbance in COPD using valid measures for sleep. Overnight
polysomnography (PSG) is the gold standard for measuring sleep outcomes, but it is
expensive and takes place in a laboratory, not in the patient’s home, and lasts one or two
nights.

Actigraphy is widely used for assessment of sleep outcomes at home and over longer periods
of time. A number of studies have demonstrated validity of actigraphy for measuring sleep
using selected scoring settings in adults[6—9]. Actigraph scoring settings can be adjusted, but
also include default settings that vary from actigraph to actigraph. Default actigraphy scoring
settings are commonly used in research of adults with sleep disturbances, but recent studies
have provided evidence challenging the use of default settings in other populations such as
Parkinson’s disease[6] and children[7]. In addition to sleep disturbances, people with
chronic illnesses may have disease-related characteristics that affect actigraphy scoring.
Thus, the optimal actigraphy scoring settings for sleep in people with chronic illnesses such
as COPD is unclear. Therefore, the purpose of this study was to compare actigraphy
customized scoring settings with polysomnography for measurement of sleep outcomes in
people with COPD and co-existing sleep disturbance.

2. Methods

2.1. Study participants and design

This secondary analysis included 50 participants recruited from the Chicago area.
Participants with mild to severe COPD according to the GOLD criteria[8] and no other
major health problems were recruited through print advertisements and word of mouth as
part of two of our studies on insomnia therapy in COPD[10,11]. The first study was a
randomized, controlled pilot study examining feasibility and preliminary effects of cognitive
behavioral therapy for insomnia (CBT-I) and COPD education on outcomes in people with
co-existing insomnia and COPD. The second is a randomized, controlled study of efficacy
and mechanisms of components of insomnia therapy on outcomes for people with COPD.
For the current analysis we combined data from screening for sleep disorders performed as
part of the two studies.

The inclusion criteria were diagnosis of COPD; abnormal FEV1/FVC ratio < 70%; age = 45
years; and stable clinical condition (no major exacerbation of COPD within the previous
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month). Participants underwent pulmonary function testing (PFT) on the VMAX Encore 22
(Viasys Healthcare, Inc., Yorba Linda, CA) according to established standards (Miller et al.,
2005). Presence of insomnia was indicated by a score of = 10 on the Insomnia Severity
Index (ISI)[12]. Participants were excluded if they showed evidence of other current major
medical illness, major depression indicated by a Hospital Anxiety and Depression Scale
(HADS) score >11[13], other sleep disorders or were currently participating in pulmonary
rehabilitation. Full details of the research protocols are described elsewhere[10,11].

2.2. Measures

A standard PSG montage was used. The polysomnography included electroencephalogram
(EEG; C4-M1, C3-M2, 04-M1, 01-M2), electrooculogram (EOG), electromyogram (EMG;
chin and lower extremities), respiratory (c-flow, chest, and abdominal effort piezo bands),
electrocardiogram, pulse oximetry, and body position. PSG data were collected and stored
using the ALICE3 digital system (Respironics). Sleep stages were scored by an experienced
technician according to standardized criteria[14]. Sleep outcome variables derived from the
PSG data included sleep onset latency (SOL; minutes between lights off and first sleep
episode), time in bed (TIB; minutes between lights on and lights off), total sleep time (TST;
minutes between sleep onset and wake time), wake after sleep onset (WASO; minutes awake
between sleep onset and wake time), and sleep efficiency (SE; percentage of time asleep
from lights off to lights on). All PSG scores were reviewed by a board-certified sleep
physician.

Actigraphy data were collected simultaneously with PSG data. Actigraphic sleep variables
were assessed using the AW-2 Actiwatch (Minimitter, Philips Respironics, Andover MA). It
was programmed for start time and data collection interval, and data were retrieved for
analysis via a PC interface using scoring software (Actiware 6.0.8) provided with the
accelerometer. The accelerometer was worn on the non-dominant wrist while undergoing
polysomnography. The actigraph recorded data in 30 second epochs, the same epoch length
as the PSG. The lights off to lights on times recorded by the PSG technician were used to
define the rest interval during scoring of the actigraphy. AW-2 data were scored as wake or
sleep using a validated algorithm that codes epochs as sleep or wake by examining activity
counts for two minutes surrounding the epoch. The AW-2 includes a range of potential
activity count settings: low (20), medium (40), and high (80). Customized settings are also
available. Various threshold activity count settings (0, 5, 10, 20 and 40) were tested in this
study. Scores were derived from the actigraphy for the same sleep outcomes as from the
PSG (SOL, TIB, TST, WASO, and SE). The Actiware software defined sleep onset or end
by finding consecutive immobile minutes for sleep onset and consecutive active minutes for
sleep end. In this study we tested 3 different immobility settings — 5 minutes, 10 minutes and
15 minutes for sleep onset and end.

2.3. Procedures

The research was approved by the UIC Institutional Review Board, and all participants
provided written, informed consent to participate. People who agreed to participate
performed PFTs and completed the ISI and HADS at the first screening visit. Participants
who met initial inclusion criteria underwent overnight sleep assessment simultaneously by
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PSG and actigraphy at the University of Illinois of Chicago (UIC) Sleep Science Center at
the second screening visit in order to be screened for other sleep disorders. Sleep variable
data were calculated independently from data derived from PSG and from actigraphy.
Actigraphy sleep scores obtained at the default setting and several customized actigraphy
settings were compared to the scored PSG results.

2.4. Analysis

Data were analyzed with descriptive statistics, paired ¢tests, Bland-Altman concordance
plots, and Pitman’s Test of difference in variance using Stata 13.0 (StataCorp LP, College
Station, Texas) and SPSS 23.0 (SPSS Inc., Chicago, IL). A two-tailed p value < 0.05 was
considered statistically significant for all analyses. Data were collected on 53 subjects, but 3
subjects were excluded due to PSG TST < 100 min.

3. Results

Table 1 shows characteristics for study participants. Participants (35 men, 15 women) had
mild to severe COPD according to the GOLD standard[8] and moderate insomnia according
to the ISI[12]. On average, they smoked cigarettes for over 35 years, were of hormal weight
for their age, and had a high school education.

Tables 2, 3, and 4 depict comparisons of sleep outcomes assessed by PSG and actigraphy at
selected settings. Of the selected settings, a customized actigraphy setting of 5 consecutive
immobile minutes for sleep onset and an activity threshold of 5 yielded the best
approximated mean values determined by PSG for TST and SE (N = 50), with differences of
1.9 £ 71.4 minutes for TST, and 0.5 + 16.9% for SE. When actigraphy was set to 5
consecutive immobile minutes for sleep onset or end, and activity thresholds of 10,
actigraphy produced the best approximated values determined by PSG for WASO (N = 50),
with differences of 0.3 + 47.2 minutes. When actigraphy was set to 10 consecutive immobile
minutes for sleep onset or end, and activity threshold of 10, actigraphy produced closely
approximated values determined by PSG for TST, SE and WASO.

Comparison of SOL assessed by PSG and actigraphy at 10 immaobile or mobile minutes for
sleep onset or end, with an activity threshold of 10 yielded a mean value for SOL of 29.0

+ 29.1 that was not significantly different from the PSG SOL value of 34.5+31.4 (p=
0.239).

Figures 1-3 display results of the Bland-Altman analysis for the best settings for the three
sleep outcomes taken as a whole: 10 immobile or mobile minutes for sleep onset or end with
an activity threshold of 10. On average, actigraphy overestimated TST by 10.9 minutes and
SE by 2.6%. Actigraphy underestimated WASO by 10.2 minutes. Results of Bland-Altman
analysis and Pitman’s Test of difference in variance revealed no difference between PSG and
actigraphy in TST and SE, but a significant difference in WASO. However, the difference of
10 minutes in WASO is likely not clinically significant. In visual inspection of the Bland-
Altman plots, it is noted that as the average TST and SE increased, the agreement between
PSG and actigraphy appeared to increase. As the average WASQO decreased, the agreement
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between PSG and actigraphy appeared to increase. These findings suggest less agreement
between PSG and actigraphy in people with more severe insomnia.

4. Discussion

Our results support the use of actigraphy for assessment of TST, SE, and WASO in people
with COPD who have insomnia. However, the default actigraphy settings of 10 immobile or
mobile minutes required for sleep onset or end and activity threshold of 40 may not yield the
optimal result for the sleep variable of interest. The default settings overestimated TST by 50
minutes and SE by 12%, and underestimated WASO by 49 minutes when compared to PSG.
No single actigraphy setting was optimal for all sleep outcomes. We demonstrated that a
customized actigraphy setting of 5 consecutive immobile minutes for sleep onset and an
activity threshold of 5 yielded the best approximated mean values determined by PSG for
TST and SE. For WASO, 5 or 15 consecutive immobile minutes for sleep onset or end, and
activity thresholds of 5 or 10 produced the best approximated values determined by PSG.
We then provided evidence to support the conclusion that the 10*10 setting is a respectable
combination to look at the sleep outcomes of interest in people who have COPD and
insomnia. We showed that although actigraphy overestimated TST and SE and
underestimated WASO, there was no difference in variance between PSG and actigraphy in
TST and SE when the 10*10 combination was used, and the differences are not clinically
meaningful. We found that as the average TST and SE increased, the agreement between
PSG and actigraphy appeared to increase and as the average WASO decreased, the
agreement between PSG and actigraphy appeared to increase. Collectively, this evidence
supports the overall concept that reliability and validity of actigraphy settings may vary in
different populations such as those with chronic illnesses and insomnia.

Our findings are in line with those of researchers examining actigraphy sleep scoring
settings in adult populations. Recent studies demonstrated that lower actigraphy activity
thresholds had closer TST and SE agreement rates to PSG than higher activity
thresholds[15-17]. In the only other study we found that examined actigraphy scoring
settings in people with a chronic medical illness, Maglione and colleagues[6] reported that
the actigraphy setting of 5 consecutive immobile minutes for sleep onset and an activity
threshold of 10 yielded the best approximated mean values determined by PSG for TST, SE
and WASO in people with Parkinson’s disease.

Actigraphy overestimated TST and SE and underestimated WASO in our study. This is in
accordance with previous studies in diverse populations in which actigraphy overestimated
sleep and underestimated wake. Kushida and colleagues[16] demonstrated that actigraphy
overestimated sleep (TST and SE) in people with sleep disordered breathing, subsequent
researchers showed that actigraphy overestimated sleep in older adults with insomnia
[17,18] and Maglione and colleagues[6] reported that actigraphy overestimated sleep in
people with Parkinson’s disease. Our results are similar to others that found that actigraphy
underestimated wake time. Sivertsen and colleagues showed that total wake time and sleep
latency was underestimated by actigraphy in older adults with primary insomnia[18] and
Taibi et al. demonstrated similar results in older women with insomnia[17].
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As the average TST and SE increased, and as the average WASO decreased, the agreement
between PSG and actigraphy appeared to increase. This is in agreement with Chae and
colleagues who found that there were greater deviations from PSGs with lower TST in
people with obstructive sleep apnea[15]. McCall et al reported that as WASO increased, the
discrepancy versus PSG increased in people with depression and insomnia[19]. Taibi and
colleagues demonstrated that reduced SE was associated with reduced accuracy of
actigraphy in women with insomnia.

There are a number of considerations regarding individualizing scoring parameters in the
population of interest. On the positive side, ensuring more precise and accurate scoring of
sleep would be beneficial in research that includes pre-post measurement of sleep, as well as
measuring the effects of therapy on individuals in clinical practice. However, on the negative
side, such individualization of scoring parameters would be cumbersome compared to using
the default settings. It would make it challenging to compare the results of studies in people
with various medical illnesses. Researchers and clinicians should make scoring parameter
decisions based on their particular sleep outcome measurement goals.

To our knowledge, our study is the first to compare actigraphy scoring settings for sleep
outcome measures to PSG in people with COPD. A strength of our study is our sample
which included diverse participants with COPD and insomnia. Limitations of this study
include that our sample was mostly men, however, our sample includes 30% women, which
is more women than in many studies of people with COPD. Additionally, in this study we
used PSG parameters to set the rest intervals for the analyses, which is different than how
rest intervals are usually set when using actigraphy in clinical research and practice. In
general, changes in activity, light levels, event markers and sleep diaries are used to set the
rest intervals. For this study sleep diary data were not available because many participants
did not complete the diary. These limitations will limit generalizability of our study results.
We also did not conduct an epoch to epoch direct comparison of actigraphy settings to PSG
data, which would have allowed a more direct comparison of the scoring parameters.
Despite limitations, this study provides valuable information about actigraphy scoring for
sleep in adults with COPD and insomnia and adds to the body of knowledge that emphasizes
the opportunity to identify and use the optimal settings for actigraphy scoring in the
population of interest. Future studiess of actigraphy scoring in people with other chronic
illnesses will be useful to identify optimal actigraphy scoring settings for people with other
chronic medical illnesses.
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Highlights

. Actigraphy sleep outcome scores at the default setting and several customized
actigraphy settings were compared with polysomnography.

. No single setting was optimal for all sleep outcomes, but the combination of
10 consecutive immobile minutes for sleep onset or end and activity threshold
of 10 worked well.

. Actigraphy overestimated TST and SE and underestimated WASO.

. The default actigraphy settings may not be optimal for people with chronic
obstructive pulmonary disease and insomnia.
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Bland-Altman Plot of TST (min)

10 immobile/mobile minutes required for sleep onset/end, 10 activity threshold
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Figure 1.

Using 10 and 10 combination. TST: total sleep time; Pitman’s Test of difference in variance:
r=0.018, n=150, p=0.902.

Sleep Med. Author manuscript; available in PMC 2018 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Kapella et al.

Bland-Altman Plot of SE (%)
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Using 10 and 10 combination. SE: sleep efficiency; Pitman’s test of difference in variance: r

=0.009, n=50, p=10.953
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Bland-Altman Plot of WASO (min)

10 immobile/mobile minutes required for sleep onset /end, 10 activity thredshold
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Figure 3.

Average of actigraphy and PSG WASO

Using 10 and 10 combination. WASO: wake after sleep onset; Pitman’s test of difference in
variance: r=-0.362, n=50, p=0.010
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Table 1

Participant Characteristics (/7= 50)

Characteristics

Age (years)

Male

Race

White

Black

Asian

American Indian or Alaskan
Education (years)
Characteristics

BMI

Smoking (pack/year)
FEV,/FVC

FEV1, % predicted

PSG Apnea Hypopnea Index
PSG mean SaO,

PSG minimum SaO,

Insomnia Severity Index

63.2+8.4
35 (70.0)

28 (56.0)
20 (40.0)
1(2.0)
1(2.0)
13.8+24

26.7+6.6
35.2+25.2
51.8+10.4
63.1+22.4
6.4+9.6
939+25
86.0 + 6.6
178+4.1

Data are presented as N (%) or mean + standard deviation.

BMI, body mass index; FEV1/FVC, Forced expiratory volume in one second/forced vital capacity; PSG, polysomnography
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Comparison of Sleep Parameters Assessed by PSG and Actigraphy (x+ SD): 5 Immobile or Mobile Minutes
Required for Sleep Onset or End (n = 50)

Parameters  PSG Actigraphy  Difference P value
TST (min) 2675+ 71.4

0 178.8+81.7 -88.7 <0.001
5 2656714 -19 0.818
10 289.1+67.8 216 0.009
20 312.7+64.0 452 <0.001
40 3334595 659 <0.001
SE (%) 65.6 +16.9

0 438+19.7 -21.8 <0.001
5 65.1+16.9 -0.5 0.797
10 70.8 +15.7 5.2 0.009
20 76.6 +14.3 11.0 <0.001
40 81.7+12.9 16.1 <0.001
WASO (min)  96.6 +59.2

0 207.2+73.0 110.6 <0.001
5 120.4 +54.0 23.7 <0.001
10 96.9 +47.2 0.3 0.975
20 733+389 -233 0.004
40 52.5+31.2 —-44.1 <0.001

Parameters in italic: various actigraphy thresholds. Values in bold are closest to PSG values. TST: total sleep time; SE: sleep efficiency; WASO:

wake after sleep onset.
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Comparison of Sleep Parameters Assessed by PSG and Actigraphy (x+ SD): 10 Immobile or Mobile Minutes
Required for Sleep Onset or End (n = 50)

Parameters  PSG Actigraphy  Difference P value
TST (min) 2675+ 71.4

0 176.8+82.8 -90.7 <0.001
5 2573752 -10.2 0.247
10 2784+72.4 109 0.208
20 299.0+£69.6 315 <0.001
40 317.4+656 499 <0.001
SE (%) 65.6 +16.9

0 433+200 -22.3 <0.001
5 63.0+17.9 -2.6 0.235
10 68.2+17.0 2.6 0.215
20 73.3+15.9 1.7 <0.001
40 77.7+14.7 12.1 <0.001
WASO (min)  96.6 +59.2

0 188.0+64.9 91.4 <0.001
5 107.5+48.6 10.9 0.152
10 86.4 +43.0 -10.2 0.160
20 65.7+355  -30.9 <0.001
40 47.4+293 -49.2 <0.001

Values in italic: various actigraphy thresholds. Values in bold are closest to PSG values. TST: total sleep time; SE: sleep efficiency; WASO: wake

after sleep onset.
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Comparison of Sleep Parameters Assessed by PSG and Actigraphy (x+ SD): 15 Immobile or Mobile Minutes
Required for Sleep Onset or End (n = 49

Parameters  PSG Actigraphy  Difference P value
TST (min) 268.5+71.8

0 1746 £84.0 -93.9 <0.001
5 246.4+820 -221 0.029
10 2640+819 -45 0.644
20 281.0+80.6 125 0.219
40 296.0+784 275 0.009
SE (%) 65.9+17.0

0 42.8+20.3 -23.1 <0.001
5 605+19.8 54 0.029
10 64.7 +19.6 -1.2 0.641
20 68.9+19.1 3.0 0.220
40 72.6 +18.5 6.7 0.009
WASO (min)  95.3 £59.1

0 153.8+49.6 70.2 <0.001
5 81.9+34.0 =17 0.826
10 64.7+304  -189 0.009
20 48.2 £26.8 -35.4 <0.001
40 34.0+23.1 -49.6 <0.001

Values in italic: various actigraphy thresholds. Values in bold are closest to PSG values. TST: total sleep time; SE: sleep efficiency; WASO: wake

after sleep onset.

HokAk

One subject does not have data for 15 immobile minutes. Thus, the paired t-test can only be done in 49 subjects.
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