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Abstract

Objectives: To prospectively characterize and compare daytime symptoms in primary insomnia (PI) and good sleeper control (GSC)
subjects using ecological momentary assessment; to examine relationships between daytime symptom factors, retrospective psycho-
logical and sleep reports, and concurrent sleep diary reports.

Methods.: Subjects included 47 PI and 18 GSC. Retrospective self-reports of daytime and sleep symptoms were collected. Daytime
symptoms and sleep diary information were then collected for 1 week on hand-held computers. The Daytime Insomnia Symptom
Scale (DISS) consisted of 19 visual analog scales completed four times per day. Factors for the DISS were derived using functional
principal components analysis. Nonparametric tests were used to contrast DISS, retrospective symptom ratings, and sleep diary
results in PI and GSC subjects, and to examine relationships among them.

Results: Four principal components were identified for the DISS: Alert Cognition, Negative Mood, Positive Mood, and Sleepiness/
Fatigue. PI scored significantly worse than GSC on all four factors (p < 0.0003 for each). Among PI subjects DISS scales and ret-
rospective psychological symptoms were related to each other in plausible ways. DISS factors were also related to self-report mea-
sures of sleep, whereas retrospective psychological symptom measures were not.

Conclusions: Daytime symptom factors of alertness, positive and negative mood, and sleepiness/fatigue, collected with ecological
momentary assessment, showed impairment in PI versus GSC. DISS factors showed stronger relationships to retrospective sleep
symptoms and concurrent sleep diary reports than retrospective psychological symptoms. The diurnal pattern of symptoms may
inform studies of the pathophysiology and treatment outcome of insomnia.

Published by Elsevier B.V.
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1. Introduction

Insomnia refers to the complaint of difficulty falling
asleep, difficulty staying asleep, or poor sleep quality
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in an individual who has adequate opportunity for sleep.
However, insomnia is also used to refer to a disorder,
characterized not only by nighttime sleep difficulty,
but also by daytime symptoms such as fatigue or sleep-
iness, mood disturbances, and cognitive difficulties [1,2].
These daytime symptoms may provide clues to both the
pathophysiology and risks associated with insomnia dis-
orders. Mood symptoms are particularly relevant, given
the prevalence of mood and anxiety disorders among
individuals with chronic insomnia [3-5] and, conversely,
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the risk that insomnia poses for the subsequent develop-
ment of syndromal psychiatric disorders [6,7]. Numer-
ous studies in clinical samples have demonstrated that
individuals with primary insomnia (PI) report more day-
time symptoms of depression and anxiety than good
sleeper control subjects (GSC) [8-10] even when individ-
uals with syndromal psychiatric disorders are excluded,
as reviewed by Reidel and Lichstein [11]. However, not
all studies have found significant differences [12-14].
Daytime symptoms of hyperarousal are also relevant
to the study of insomnia. Hyperarousal refers to an ele-
vated state of central nervous system activity/reactivity
as reflected in cognitive, emotional, or physiological
domains, and is commonly viewed as a potential patho-
physiologic mechanism in insomnia [15]. Individuals
with insomnia report symptoms consistent with
increased arousal [16-18]. Perhaps, paradoxically, fati-
gue, low energy, and even sleepiness are also reported
commonly in insomnia [19-21]. Finally, individuals with
insomnia complain of impaired cognitive function that
improves with treatment [22], even though objective evi-
dence of pretreatment cognitive dysfunction is difficult
to demonstrate [11,23]. At present, the direction and
magnitude of relationships between sleep-related symp-
toms and waking symptoms in insomnia remains
uncertain.

One limitation of studying daytime symptoms in
insomnia is that these symptoms are typically assessed
cross-sectionally, retrospectively, and in the artificial
environment of the clinic. Such assessments make it dif-
ficult to examine the variability of symptoms that may
occur predictably across the course of the day, or unpre-
dictably from one day to the next. This is a particular
concern with a disorder such as primary insomnia that
often demonstrates considerable variability within and
across days. Retrospective reports are also subject to
reporting biases such as recency and severity effects;
“telescoping”, in which events are recalled as more
recent than they actually occurred; and differences
between ‘‘counting” and “estimation” strategies for
summarizing experiences [24].

Ecological Momentary Assessment (EMA) is a tech-
nique of assessing symptoms prospectively, repeatedly,
and in subjects’ usual environments [24-26]. Typically,
subjects complete questionnaires several times per day
during the course of their usual activities. This technique
can overcome many of the limitations of retrospective
reports noted above. EMA has been extensively used
to study phenomena as diverse as daily variation in
mood and tiredness [27,28], fatigue [29,30], pain [31],
coping [32], eating, smoking, and alcohol behaviors
[33-36], and psychosocial correlates of ambulatory
blood pressure [37]. We previously reported a pilot study
using EMA to measure daytime symptoms in PI [38].
Compared to GSC, individuals with PI reported lower
mean ratings, greater day-to-day variability, and differ-

ent time courses for symptom clusters which we termed
Mood, Energy, Concentration, and Alertness. These
clusters were determined by clinical insight rather than
by statistical means. Another potential problem is that
the pilot study used paper-and-pencil questionnaires
for EMA; previous studies have shown that subjects
do not necessarily complete such instruments at the pre-
scribed times [39]. This problem, which can be mini-
mized with electronic data collection devices such as
hand-held computers [40], including alarms that cue
subjects to complete ratings, and also provide data on
actual time of data entry.

In this paper, we present exploratory analyses of
EMA measures of daytime symptoms, collected using
hand-held computers, in a larger sample of PI and a
comparison group of GSC. The aims of this study were
(1) to characterize daytime symptom factors in PI with
EMA, using statistical techniques rather than clinical
intuition to derive summary scales; (2) to compare these
daytime symptom factors in PI and GSC; (3) to compare
“standard” retrospective psychological and sleep rat-
ings, as well as sleep diary findings in PI and GSC;
and (4) to examine relationships between EMA, retro-
spective psychological and sleep ratings, and sleep diary
findings in PI.

2. Methods

These data come from an ongoing study designed to
examine mood, arousal, and pharmacologic treatment
response in individuals with PI and GSC (MH24652).
This study was approved by the University of Pitts-
burgh, Institutional Review Board, and all subjects pro-
vided informed consent. After initial eligibility
screening, all participants complete a set of self-report
retrospective symptom ratings followed by a 1-week
in-home evaluation including sleep diary and daily
symptom ratings collected on hand-held computers.

2.1. Participants

Study participants included men and women with PI
and GSC, enrolled in a 3:1 ratio and aged 20-50 years.
Participants were recruited through media advertise-
ments, word of mouth, and clinical referrals. All partic-
ipants were evaluated with a medical history,
medication/substance history, physical examination,
routine blood work, and urine drug screen; psychiatric
history using the Structured Clinical Interview for Diag-
nostic and Statistical Manual of Mental Disorders,
Fourth edition (DSM-1V) (SCID) [41,42]; and sleep his-
tory using locally developed questionnaires and inter-
views to yield DSM-IV sleep disorder diagnoses [43].
Inclusion criteria for PI and GSC included provision
of informed consent and ability to speak and understand
English. For PI, additional inclusion criteria included a
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current diagnosis of DSM-IV primary insomnia and a
score =7 on the Pittsburgh Sleep Quality Index (PSQI)
[44]. A threshold of >7 was used to ensure clinically sig-
nificant complaints beyond the level of 5, which we have
previously identified as distinguishing sleep disorder
patients from controls. In order to approximate clinical
practice, no specific quantitative criteria for sleep distur-
bance (e.g., average sleep latency >30 min) were used.
Exclusion criteria for PI and GSC included significant
or unstable medical conditions; current major syndro-
mal mood, anxiety, psychotic, or substance use disorder;
current sleep disorder (other than PI) by clinical criteria;
apnea—hypopnea index >15 or periodic limb movement
(PLM) arousal index >15 on one night of screening pol-
ysomnography; use of medications or substances known
to affect sleep; coffee consumption (or equivalent) of >4
cups/24 h; and alcohol consumption of >14 drinks per
week. Our thresholds for apnea and PLMs are higher
than the value of 5 or 10 often used in clinical studies.
However, some authors have noted the high frequency
of apnea and PLM in insomnia samples [45,46], and
have questioned their clinical significance. Therefore,
we chose our cut-offs to reflect levels of apnea and PLMs
that would typically elicit treatment in clinical settings.
Despite our liberal inclusion criteria, the mean apnea—
hypopnea index (AHI) (2.6 +£2.6) and PLM arousal
index (3.6 +4.6) in our PI sample were quite low and
not consistent with clinical apnea or PLM disorders.
Additional specific exclusion criteria for PI included a
history of any major psychiatric disorder within the past
6 months. Additional specific exclusion criteria for GSC
involved current or past history of PI or any major psy-
chiatric disorder.

2.2. Measures

Baseline retrospective psychological questionnaires
were designed to evaluate symptoms of mood and arou-
sal disturbance among individuals with primary insom-
nia. In particular, we included measures to evaluate
symptoms of depression and anxiety, as well the
increased arousal often described by insomnia patients.

For all retrospective psychological and sleep measures,
higher scores indicate greater severity of symptoms.
Except where noted, the timeframe for all measures
was 1 week. These measures included the following:

Inventory of Depressive Symptomatology, Self-Report
Version (IDS-SR) [47]. The IDS is designed to measure
symptoms of depression consistent with major depres-
sion criteria in DSM-III and DSM-IV. Validation data
from over 300 patients indicates that “normal” scores
are <15, with a range of 0-90. For analyses in this
paper, IDS-SR score represented the total after exclud-
ing sleep-specific items.

Beck Anxiety Inventory (BAI) [48]. The BAIl is a 21-
item self-report questionnaire to assess anxiety, with a

focus on somatic symptoms rather than worry. Total
scores represent the sum of the four-point Likert
responses and range from 0 to 63.

Penn State Worry Questionnaire (PSWQ) [49]. The
PSWQ is a 16-item self-report scale designed to evaluate
the tendency to worry, the intensity of worry, and the
generalized nature of worry. The PSWQ focuses on
the more cognitive concept of worry, as opposed to
the BAI, and does not specifically address sleep symp-
toms. Total scores range from 0 to 90.

Hyperarousal Scale (HAS) [16]. The HAS was empir-
ically designed to measure daytime alertness among indi-
viduals with insomnia with a “high arousal pattern”.
Subjects rate the extent to which each of 26 statements
is true for them, with no specific timeframe. In the original
publication, a total score of >40 had a sensitivity of 90%
and specificity of 100% for identifying primary insomnia
versus control subjects. Total scores range from 0 to 78.

Multidimensional Fatigue Inventory (MFI) [50]. The
MFT is a 20-item scale with five empirically defined sub-
scales representing dimensions of general fatigue, physi-
cal fatigue, mental fatigue, reduced motivation, and
reduced activity. Each subscale has four items rated on
a five-point Likert scale. Scores for the five scales are
obtained by adding individual items and range from 4
to 20. Construct validity has been evaluated with
known-groups comparisons, and convergent validity
supported by correlations with other fatigue measures.
For these analyses, we report on the “General Fatigue”
subscale only, as recommended by the scale authors
when only one scale is to be used.

Pittsburgh Sleep Quality Index (PSQI) [44]. The
PSQI is a 19-item self-rated questionnaire for evaluating
subjective sleep quality over the previous month. The 19
questions are combined into seven clinically derived
component scores, each weighted equally from 0 to 3.
The seven component scores are added to obtain a glo-
bal score ranging from 0 to 21, with higher scores indi-
cating worse sleep quality.

Epworth Sleepiness Scale (ESS) [51,52]. The ESS
consists of eight items, each rated from 0 to 3, that mea-
sure a subject’s “likelihood of dozing or falling asleep”
in common situations of daily living. No specific time-
frame is specified. The ESS has been used extensively
in studies of sleep apnea and other sleep disorders.
The score represents the sum of individual items, and
ranges from 0 to 24.

Prospective measures of daytime symptoms and sleep
included the following:

Daytime Insomnia Symptom Scale (DISS). The DISS
is a measure constructed for this study. It consists of 20
visual analog scales presenting adjectives or brief
phrases designed to capture the subjective experience
of insomnia patients across the course of a day. The
DISS includes the nine “Global Vigor and Affect’ scales
described by Monk et al. [53], which have previously
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shown robust circadian variation in healthy subjects. We
supplemented these 9 scales with 11 additional items
describing mood, arousal, and cognitive efficiency. The
11 new items were selected to discriminate between
insomnia patients and controls and were based on three
sources of information: a chart review of chronic insom-
nia patients [19]; comparisons of Hopkins Symptom
Checklist-90 [54] data for insomnia patients and healthy
control subjects in pilot studies; and review of Thayer’s
Activation—-Deactivation  Adjective = Check  List
(ADACL) [55], a brief instrument that assesses transi-
tory arousal states and has been validated against psy-
chophysiological measures of arousal. Each scale
consists of a question and a horizontal line with oppo-
site endorsements at either end (e.g., “How sleepy do
you feel? Very little... Very much”). See Table 2 for a
complete list of items. One scale of the 20, “Overall,
how do you feel”, was not included because it did not
assess any specific symptom. The DISS was completed
on hand-held computer at four times per day: wake-up
time, noon, 6:00 pm, and bedtime. We chose wake-up
and bedtimes to capture symptoms that might immedi-
ately affect, or be affected by, sleep disturbance, and
the other two time points to be approximately evenly
spaced between the other two. Alarms on the computer
reminded subjects to complete the noon and 6:00 pm
scales. The computer displays three scales at a time on
the screen, and subjects indicate their responses by tap-
ping on the screen with a stylus along a horizontal visual
analog scale. The value for that scale (from 0 to 100) is
stored in hand-held computer memory, and later
uploaded to personal computers for data management
and analysis.

Pittsburgh Sleep Diary (PghSD) [56]. The PghSD is a
diary of sleep—wake behaviors with bedtime and wake-
time portions. The wake-time portion, used in the cur-
rent analyses, asks when the subject went to bed and
attempted to sleep; how long it took to fall asleep; when
and how the subject finally awoke; estimates of total
time spent awake; and three visual analog scale ratings
for sleep quality, mood (calm versus tense) and alertness
on awakening, each scored from 0 to 100.

The DISS and PghSD was presented in versions
adapted for a commercially available hand-held com-
puter (Handspring Visor). These hand-held computers,
or personal data assistants (PDA), use the Palm OS®
operating system Version 4.0.1. DISS and PghSD appli-
cations were programmed by study personnel using
AppForge software (www.appforge.com) in visual basic
programming language. Further details are available
from the authors.

2.3. Statistical analysis

DISS data for each subject included 19 visual analog
scales completed four times per day over seven days. As

an initial data reduction technique we used functional
principal components analysis (FPCA) [57], which
determined a factor structure for the 19 scales based
on their correlation across time points, days, and sub-
jects. Please see Appendix for details. FPCA identified
four orthogonal factors (or functional principal compo-
nents) that explained 67% of the variance in the 19 DISS
items. The initial analysis was conducted in PI subjects
alone. Factor scores were then compared across groups.
We used Wilcoxon rank-sum tests to compare PI and
GSC participants on the DISS and sleep diary measures
and retrospective psychological and sleep ratings. For
baseline retrospective symptom assessments (IDS,
BAI, HAS, PSWQ), we removed items explicitly related
to sleep before calculating total scores. Within each
domain of results in Table 1, we report statistical signif-
icance both without and with correction for multiple
comparisons. Because of our interest in variability of
daytime ratings, we also compared the mean variance
in DISS scales across PI and GSC groups using the
Mann—Whitney test. In order to test for potential gender
differences in PI participants, we again used Wilcoxon
rank-sum tests; there were too few male controls to con-
duct statistical comparisons between genders in GSC.
Finally, we used Spearman correlation coefficients in
exploratory analysis to examine the relationships
between DISS factors, retrospective psychological and
sleep ratings, and sleep diary measures. FPCAs of DISS
data were performed using R Version 2 [58]; all other
analyses were performed using SAS Version 8.2 [59].

3. Results

The sample included 47 PI participants (25 F, 22 M,
35.9 + 9.6 years old) and 18 GSC participants (15 F, 3
M, 27.2 + 7.9 years old). The PI sample was older (Wil-
coxon rank-sum = 361, p = 0.0002) and included more
men (Fisher’s exact =0.05) than the GSC sample.
Among PI participants, 27 reported an insomnia dura-
tion of >5 years, 16 a duration of 1-5 years, and 4 a
duration of 1 month to 1 year. Insomnia complaints
were characterized as sleep onset insomnia (n = 37),
sleep maintenance insomnia (n = 41) and early morning
awakening insomnia (n = 35); subjects could have more
than one type of complaint. Descriptively, 31/47 PI par-
ticipants had mean sleep onset latency =30 min, 35/47
had mean wakefulness after sleep onset >30 min,
36/47 had mean sleep duration <6 h based on sleep his-
tory questionnaire data, and 46/47 met at least one of
these criteria. Alcohol consumption averaged 2.6 + 3.2
drinks per week in PI (range 0-12) and 0.8 + 1.3 per
week in GSC (range 0-4). Caffeine consumption aver-
aged 1.3 4+ 1.0 beverages per day in PI (range 0-5) and
1.2 + 1.1 per day in GSC (range 0-2.9).

Subjects had good overall compliance with EMA rat-
ings. The mean percentage of completed DISS ratings
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Ecological Momentary Assessment, retrospective psychological scales, and self-report sleep data

Measure Control (n = 18) Insomnia (n = 47) Wilcoxon rank-
sum test

Mean SD Med Mean SD Med w P
Daytime Insomnia Symptom Scale functional principal components
Alert Cognition 9.7 10.1 11.8 -5.0 144 -29 861.0 <0.0001
Negative Mood —12.4 12.9 —11.2 2.1 16.2 -0.4 830.0 0.0003
Positive Mood 8.2 9.2 6.3 -33 10.4 -29 304.0 <0.0001
Sleepiness/Fatigue —10.3 8.9 —10.4 5.0 14.0 1.5 927.0 <0.0001
Retrospective psychological scales
Inventory of Depressive Symptomatology 34 5.8 2.0 10.3 5.4 10.0 272.5 <0.0001
Beck Anxiety Inventory 1.4 1.7 1.0 3.9 4.0 3.0 398.0 0.004
Penn State Worry Questionnaire 16.3 11.9 14.0 30.1 14.1 29.0 352.0 0.0002
Hyperarousal Scale 224 7.3 22.0 30.0 6.2 29.0 366.5 0.0004
Multidimensional Fatigue Inventory (General Fatigue subscale) 6.9 1.9 7.0 13.2 34 13.0 215.5 <0.0001
Self-report sleep measures
Pittsburgh Sleep Quality Index (global score) 1.9 1.1 1.5 11.0 3.5 10.0 171.0 <0.0001
Epworth Sleepiness Scale 44 35 3.5 7.4 38 7.0 389.0 0.002
Pittsburgh Sleep Diary
Total sleep time (min) 464.9 60.1 461.7 370.1 66.4 378.2 837.0 <0.0001
Sleep latency (min) 8.2 54 5.7 30.9 24.5 24.3 224.0 <0.0001
Wake after sleep onset (min) 33 3.7 2.2 389 29.5 338 205.0 <0.0001
Sleep Efficiency ([Total sleep time/Time in bed]x 100; %) 97.7 1.4 97.9 83.7 10.4 86.4 932.0 <0.0001

@ All p values were significant at the p <0.05 level after correcting for the number of comparisons within each domain (i.e., DISS functional
principal components; retrospective psychological scales; self-report sleep measures); SD = standard deviation.

was 92.2+12.7% (range 39.3-100%) for PI, and
92.1 £ 12.5% (range 60.7-100%) for GSC. The mean
difference between target time and actual time of com-
pletion was 27.2+59.0min in PI and 23.6 +52 in
GSC. FPCA uses all available data and does not require
complete data in all subjects.

FPCA of the 19 DISS items in the PI participants
identified four eigenvectors that accounted for 67% of
the variation in responses across subjects. Table 2 lists
the adjectives in the DISS, grouped according to their
weights on the four functional principal components.
The first functional principal component, labeled Alert
Cognition, included five items with factor weights
>0.4: forgetful, clear-headed, able to concentrate, how
much of an effort is it to do anything, and alert. The sec-
ond functional principal component, labeled Negative
Mood, included five items with factor weights >0.4:
anxious, stressed, tense, sad, and irritable. The third
functional principal component, labeled Positive Mood,
included five items with factor weights >0.4: relaxed,
energetic, calm, happy, and efficient. The fourth func-
tional principal component, labeled Sleepiness/Fatigue,
included three items with factor weights >0.4: fatigued,
sleepy, and exhausted. Of the 19 DISS items, only one,
“weary”’, did not load with a factor weight of >0.4 on
any of the four functional principal components. Statis-
tically significant Spearman rank-order correlations
among factor scores were observed for the following
pairs of factors: Alert Cognition and Negative Affect
(p=-0.33, p=0.02); Alert Cognition and Positive

Affect (p =0.36, p =0.01); Alert Cognition and Sleepi-
ness/Fatigue (p = —0.46, p = 0.001); and Positive Affect
and Sleepiness/Fatigue (p = —0.31, p = 0.03).

Fig. 1 illustrates the average time course of the four
factors from the daily symptom diary for PI and GSC
groups. For each scale, higher factor scale scores indi-
cate a greater degree of that particular construct (i.e.,
a greater amount of Alert Cognition, Negative Mood,
Positive Mood, and Sleepiness/Fatigue). Note that
FPCA was conducted on the PI group alone, and that
factor weights derived from PI alone were used to calcu-
late scores for the factors in both groups of participants.
Descriptively, the time courses for the four factors are
different from one another, and PI and GSC subjects
show different temporal patterns for each. For instance,
on Alert Cognition, PI subjects are worst in the morn-
ing, with a slight improvement at night, whereas GSC
subjects have high values in the morning, highest values
during the day, and lowest values at night. On Negative
Mood, the PI group has higher overall mean values than
the GSC group. The two groups have similar values in
the morning, but PI subjects show a small increase in
the evening, whereas GSC subjects show a decrease.
These differences in symptom patterns are reflected by
statistically significant differences between PI and GSC
subjects for all four of the DISS functional principal
component scores (Table 1). The statistical differences
can be interpreted as an interaction between group
and time of day; the groups differ to different degrees
at different times of day. We also compared the mean
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Table 2
Functional principal component loading values for items on the
Daytime Symptoms in Insomnia (DISS) scale in primary insomnia
subjects®

DISS Item Daytime Insomnia Symptom Scale functional

principal components

Alert Negative Positive Sleepiness/

Cognition Mood Mood Fatigue
Forgetful —0.792 0.385 0.395 —0.313
Clear-headed 0.742 0.064 0.213 0.025
Concentrate® 0.742 0.154 0.246 0.034
Effort® —0.677 0.173 0.368 0.122
Alert 0.457 0.187 0.160 —0.324
Weary —0.367 —0.038 —0.286 0.337
Anxious 0.114 0.750 —0.027 0.142
Stressed 0.144 0.703 —0.135 0.093
Tense —0.011 0.698 —0.178 —0.146
Sad 0.014 0.696 0.007 0.105
Irritable —0.335 0.581 0.146 —0.025
Relaxed —0.042 —0.18 0.808 —0.001
Energetic 0.118 0.251 0.706 —0.221
Calm 0.040 —0.362 0.687 0.252
Happy —0.0001 —0.144 0.658 0.176
Efficient 0.373 0.316 0.427 —0.139
Fatigued 0.208 0.148 —0.051 0.948
Sleepy —0.050 0.038 0.120 0.880
Exhausted —0.121 0.076 0.077 0.841

% Except as indicated, items are of the form, “How ____ do you

feel?”
® Actual wording: “How well are you able to concentrate?
¢ Actual wording: “How much of an effort is it to do anything”?
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Fig. 1. Group mean data for functional principal components of the
Daytime Insomnia Symptom Scale (DISS). Values represent fitted
standardized factor scale scores for each group. Because these
represent standardized scale scores, the y-axis scales do not have
specific units. Higher scores indicate a greater level of the construct for
each scale (i.e., higher level of Alert Cognition, more Negative Mood,
more Positive Mood, greater Sleepiness/Fatigue). Group differences
for each functional principal component was statistically significant at
p <0.001, indicating a different levels and time courses between
insomnia (dashed line) and control (solid line) groups.

variance of DISS scales across days in PI and GSC
groups. This measure captures day-to-day variability
of the scale, but addresses the entire day’s composite
scale score rather than variability at individual time
points within the day. Only the Sleepiness/Fatigue scale
showed significantly greater variance among PI than
GSC (0.271 £0.063 versus 0.392 +0.136; W =567,
p=0.05).

Significant differences were also found among PI and
GSC groups for all retrospective psychological and sleep
ratings and sleep diary measures (Table 1). Thus, the PI
sample endorsed more depressed, anxious, worried
mood, a greater tendency toward hyperarousal, and
more sleepiness and fatigue. As expected, group differ-
ences in PSQI scores, Epworth scores, and sleep diary
ratings of sleep latency, total sleep time, wakefulness
after sleep onset, and sleep efficiency were also highly
significant (Table 1), even after correction for multiple
comparisons.

To explore the potential impact of gender on DISS and
retrospective data, we compared male and female PI sub-
jects. Across the domains and specific measures in Table
1, only one measure showed significant gender differences.
Women reported higher scores on the PSWQ than men
(33.8 £ 12.1 versus 259+ 154, W=434, p=0.05).
DISS scales showed no gender differences.

The correlation between DISS factors and retrospec-
tive psychological symptom measures among PI subjects
showed a plausible pattern of relationships that differed
among the four factors (Table 3). Alert cognition corre-
lated negatively with the IDS. Negative mood positively
correlated with scores on the IDS and BAI. Positive
mood correlated inversely with scores on the IDS,
HAS, and MFI General Fatigue Scale. Sleepiness/Fati-
gue correlated positively with the MFI General Fatigue
subscale. Overall, 7/20 possible correlations between
DISS factors and retrospective psychological rating
scales had p values >0.30, corresponding to p values
of <0.05.

Correlations between different DISS factors and self-
report sleep measures again showed different patterns
(Table 3). Positive Mood and Sleepiness/Fatigue DISS
factors were significantly related to the PSQI total score,
but the other two DISS factors were not. Somewhat
unexpectedly, negative mood, but not sleepiness/fatigue,
correlated with the ESS. With regard to sleep diary cor-
relations, the Alert Cognition and Negative Mood fac-
tors were significantly related to the diary measure of
sleep latency in the expected direction; Positive Mood
correlated with sleep efficiency; and Sleepiness/Fatigue
correlated positively with wakefulness after sleep onset,
and negatively with sleep efficiency. Overall, 8/24 possi-
ble correlations between DISS factors and self-report
sleep measures had p values >0.30.

In contrast to the above findings, when we exam-
ined exploratory correlations between the retrospective
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Table 3

Correlations between DISS factor scores, retrospective psychological scales, and self-report sleep measures in insomnia patients (n = 47)

Measure Daytime Insomnia Symptom Scale functional principal components

Alert Cognition Negative Mood Positive Mood Sleepiness/Fatigue

Retrospective psychological scales

Inventory of Depressive Symptomatology —0.32"
Beck Anxiety Inventory —0.13
Penn State Worry Questionnaire —0.05
Hyperarousal Scale —0.15
Multidimensional Fatigue Inventory (General Fatigue subscale) —0.26

Self-report sleep measures

0.43" —0.30" 0.25
0.49"" —0.20 —0.22
0.12 —0.27 0.19
0.19 —0.30" —0.06
0.25 —0.35" 0.53""
0.08 —0.32" 0.34"
—0.34" 0.01 —0.04
0.30" —0.23 0.26
—0.01 0.25 —0.20
—0.01 —0.20 0.40™"
—0.09 0.30 —0.39"

Pittsburgh Sleep Quality Index (global score) —0.27

Epworth Sleepiness Scale 0.23

Pittsburgh Sleep Diary

Sleep latency (min) —0.35"

Total sleep time (min) 0.02

Wake after sleep onset (min) —0.01

Sleep Efficiency (%) 0.16

Statistically significant correlations (Spearman’s rho) are indicated by bold font.
* p <0.05.

 p<0.01.

" p<0.001.

psychological symptom measures and sleep measures,
none of the 30 possible correlations had p values
>0.30 (data not shown). Retrospective psychological
symptom scales were not related to either the PSQI or
any of the prospective sleep diary measures.

4. Discussion

Daytime symptoms of insomnia, collected four times
per day with ecological momentary assessment method-
ology, provided evidence for four functional principal
components, representing Alert Cognition, Positive
Mood, Negative Mood, and Sleepiness/Fatigue. These
component scores differed significantly between insom-
nia and good sleeper subjects, and were related to some
but not all traditional psychological and sleep mea-
sures. DISS components were more closely related to
sleep symptoms than were the retrospective psycholog-
ical symptom measures. Although these results are
exploratory in nature, given the relatively small sample
size, they suggest that ecological momentary assess-
ment of daytime symptoms in insomnia may help to
better characterize the insomnia syndrome and its con-
sequences, and may be a useful tool for outcome
studies.

Individuals with insomnia typically present with
symptoms of depression and anxiety that are greater
than those of good sleeper controls but less severe than
those in individuals with syndromal mood and anxiety
disorders [11]. We found that PI and GSC groups dif-
fered on traditional retrospective self-report measures
of mood disturbance, including the IDS and the BAI.
The two groups also differed on measures designed to

measure the construct of hyperarousal, such as Rege-
stein’s Hyperarousal Scale and the PSWQ. Although
PI and GSC differed significantly on most retrospective
psychological rating scales, the level of symptoms in the
PI group was typically less than that seen for clinical
populations with mood or anxiety disorders. For exam-
ple, a score of <15 on the IDS-SR is considered “nor-
mal”, and 16-24 “mild” depression [47]; scores of 0-7
on the Beck Anxiety Inventory are generally taken to
indicate “minimal” anxiety, and scores of 8-15 mild
anxiety [48]. Even if sleep-related symptoms are added
back to the reported scores, our sample would not reach
levels seen in mood or anxiety disorder patient samples.
Overall, then, the current sample is consistent with the
common conceptualization of insomnia as a condition
characterized by low-level mood disturbance and
increased arousal [16-18].

Given the small but highly significant differences
between PI and GSC on psychological symptom mea-
sures, it is reasonable to ask whether EMA contributes
any novel information. Insomnia sufferers commonly
report variability of sleep and daytime symptoms both
within and across days [19,60]; therefore, EMA may
be a particularly useful way to characterize this aspect
of their complaints. Most retrospective measures do
not capture the course of symptoms within a day or var-
iability from 1 day to the next. Field studies with similar
instruments, such as the Positive Affect-Negative Affect
Scale (PANAS) [27,61], have demonstrated that different
components of mood and arousal show different pat-
terns of diurnal variation, even in healthy subjects. Like
the PANAS, the DISS identified separate factors for
positive and negative mood, which appear to be func-
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tionally distinct dimensions across a wide range of con-
ditions and situations [62]. Because the four DISS scales
were derived by factor analysis with Varimax rotation, it
is not surprising that correlations among the scales were
modest, with p values ranging from 0.10 to 0.46 (i.e.,
shared variance of 1-21%). The magnitude of these cor-
relations was similar to those observed between DISS
scales and retrospective ratings, and supports the dis-
tinction between the four domains.

FPCA is a particularly useful method for characteriz-
ing the DISS factors because it accounts not only for
how individual symptoms are related to one another in
a general sense, but also accounts for variation over
time, even after accounting for within-subject variabil-
ity. Inspection of Fig. 1 clearly demonstrates that differ-
ences between PI and GSC groups occurred not only in
terms of mean symptom levels, but also in terms of diur-
nal variation patterns. Thus, diurnal patterns of symp-
toms may constitute a novel and informative method
of characterizing the daytime experiences of individuals
with insomnia. In addition, daytime symptom patterns
could constitute useful and meaningful outcome mea-
sures for treatment studies. We also found greater vari-
ability of ratings across days in PI versus GSC for the
Sleepiness/Fatigue scale, but not for the other scales.
This differs somewhat from our earlier findings, where
we reported greater day-to-day variability for all EMA
measures in PI versus GSC [38]. However, the very dif-
ferent statistical methods used in the two papers are
likely to account for this discrepancy. Our earlier analy-
ses in a much smaller group of subjects used analyses of
variance (ANOVAs) on logically derived factors, with
each time point within a day taken as a separate mea-
sure. FPCA, used in the current paper, models the data
taking into account the pattern of variability within and
across days.

The validity of the DISS scales is supported by their
plausible relationships with the retrospective rating
scales. The Positive Mood and Negative Mood scales
of the DISS were most strongly related to retrospective
scales with similar dimensions of anxiety, depression,
and arousal. The Negative Mood scale, in particular,
appears to capture symptoms of anxious arousal. The
Alert Cognition Scale of the DISS correlated negatively
with the depression scale, suggesting that “mood” dis-
turbances in insomnia may be driven, in part, by cogni-
tive complaints. The Sleepiness/Fatigue factor of the
DISS was correlated with two common retrospective
measures of daytime sleepiness and fatigue. Given that
this last factor showed the largest magnitude difference
between PI and GSC, and that it was related to 3/6
self-report sleep scales, Sleepiness/Fatigue appears to
be a particularly salient symptom dimension for PI
subjects.

The important contribution of EMA measures of
daytime symptoms is further suggested by correlations

with retrospective and daily self-report sleep ratings. A
total of 8/24 correlations between DISS factors and
sleep ratings had p values >0.30 (i.e., p value <0.05),
whereas none of the 30 correlations between traditional
retrospective and sleep ratings reached this value.
Although none of the observed correlations would
reach statistical significance after strictly controlling
for the number of comparisons, the observed relation-
ships warrant further examination. Some of the differ-
ence between EMA and retrospective symptom
measure correlations with sleep diary data may be a
function of different timeframes and different times of
administration. Retrospective symptom and sleep mea-
sures were administered during baseline evaluations,
1-2 weeks before the concurrent collection of DISS
and sleep diary data. Furthermore, most of the
retrospective ratings had timeframes of the past week,
although some do not specify a timeframe (e.g.,
HAS, ESS) and some had a 1-month frame (e.g.,
PSQI). The DISS inquires about current symptoms,
and the sleep diary inquires about sleep the night
before. Therefore, retrospective symptom ratings may
not correlate as well as DISS with sleep diary ratings
because of differences in timeframe. However, 2/4
DISS scales correlated with the PSQI (with a reporting
frame of 1 month), while none of the retrospective
symptom rating scales did. Therefore, a difference in
timeframe seems less plausible as a sole explanation
for the difference between retrospective and EMA-
based symptom correlations with sleep measures. A
previous study has shown that daily ratings of stress
are related to self-report sleep measures, and that this
relationship is mediated by daily ratings of pre-sleep
arousal [63]. Thus, daily symptom reports may be more
closely related to sleep reports than more general
symptom ratings. In this regard, it is also interesting
that, despite the widely recognized association between
mood disturbances and sleep, we did not find strong
direct relationships between these categories of mea-
sures in the retrospective ratings.

Some correlations that might have been expected
were not observed. For instance, the PSWQ was not
related to any of the DISS scales or any of the sleep rat-
ings, despite the fact that worry is hypothesized to be
related to insomnia (e.g., [64]). The ESS did not corre-
late with the DISS Sleepiness/Fatigue scale. This may
relate to the fact that the ESS relates to perceived sleep-
iness in specific situations which the subject may or may
not encounter in a specific day, while the DISS is a
momentary assessment.

The PI was older and included relatively more men
than the GSC group. Therefore, group comparisons
must be interpreted with caution. It is possible that
larger, age-matched samples will differ less robustly on
retrospective or DISS measures; in the current sample
of PI subjects, age was significantly correlated with Alert
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Cognition (p =0.30, p =0.04) and Negative Mood
(p=10.46, p=0.001), but not with Sleepiness/Fatigue
or Positive Mood (p =0.01 for each). On the other
hand, we did not find significant sex differences on the
DISS, sleep diary, or retrospective rating scales within
the PI group. Larger samples would also be useful for
confirmatory data analyses. Because of the small sample
size and the limitations of FPCA, factors in these anal-
yses were derived only from PI and not from the entire
sample of PI and GSC.

The selection criteria for our sample of PI subjects
differed somewhat from those used in most pharmaco-
logic and cognitive-behavioral treatment studies. In par-
ticular, our sample was selected by DSM-IV criteria
without additional specification of “quantitative” crite-
ria based on self-report, diaries, or polysomnography.
Criteria such as sleep latency >30 min, wakefulness after
sleep onset >30 min, and sleep time <6 h are commonly
employed in the literature [65]. Our more general criteria
were selected in order to obtain a sample more similar to
that typically seen in clinical practice, where specific
quantitative criteria are not likely to be used. Neverthe-
less, we found that our sample would meet common
severity definitions often used in clinical studies. In a
similar fashion, we set high thresholds for exclusion
due to apnea or PLMs with arousal, which raises the
possibility that our findings might be different in a more
highly selected insomnia sample. However, the actual
mean AHI and PLM arousal index values in our sample
were very low, making comorbid apnea and PLM disor-
der unlikely confounders of our findings.

Future analyses should include larger, better-
matched samples as well as examination of treatment
effects. The relationship between DISS and self-report
or polysomnographic measures will also be examined
in subsequent analyses. DISS data could be particularly
informative for examining the directionality of sleep-
daytime symptom ratings. In other words, concurrent
DISS and sleep diary data could address the strength
of potentially causal relationships and whether the mag-
nitude of association is greater between sleep and subse-
quent daytime symptoms, or between daytime
symptoms and subsequent sleep.

We have recently reported alterations in regional glu-
cose metabolism during non-rapid eye movement
(NREM) sleep in subjects with PI compared to GSC
[66], suggesting a pattern of hyperarousal during sleep
among those with insomnia. The DISS could be used
to determine whether alterations in regional glucose
metabolism during sleep or wakefulness are related to
daytime symptom patterns. For instance, lower scores
on the Alert Cognition scale may be related to the
observed relative hypometabolism in pre-frontal regions
during wakefulness in PI; the Negative and Positive
Mood Scales to relative hypermetabolism in brainstem,
limbic, medial temporal, and anterior cingulate regions

during sleep; and the Sleepiness/Fatigue Scale to relative
hypermetabolism in brainstem structures or hypometab-
olism in frontal regions during sleep. Such studies could
help to further clarify the pathophysiology underlying
insomnia and its morbidity.
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Appendix. Details of functional principal components
analysis

Functional principal components analysis (FPCA) is
a specific form of functional data analysis (FDA) [67].
FDA refers to a set of exploratory data analysis tech-
niques that combine elements of longitudinal data
analysis (LDA) and nonparametric data smoothing
techniques to examine the temporal structure of longi-
tudinal data. Unlike LDA techniques, such as mixed
models, which assume a specific “shape’ to the data,
FDA relies on smoothing techniques to estimate time
courses and within-subject correlation. Prior to FPCA
in the current study, we smoothed data for individual
subjects over the course of each day. (In particular,
we used mixed-model B-spline regressions. Three qua-
dratic B-spline basis functions with equally spaced
knots resulted in good model fits. Further information
is available upon request from the authors.) These
mixed models provide a flexible estimate of time
courses and within-subject variability across multiple
time points and over multiple days. Factor estimates
can then be determined from these models, utilizing
the information on changes over time within subjects.
After B-spline mixed models were fit to the DISS data,
an FPCA analysis was performed, resulting in four
eigenfunctions that explained 67% of the variation in
smoothed responses across subjects. Varimax rotation
of the four eigenfunctions was used to estimate the
final standardized functional principal components.
FPCA was conducted in PI subjects alone because
there appeared to be little overlap between groups on
raw DISS scores, the size of the GSC group was rela-
tively small, and FPCA do not readily accommodate
modeling across multiple groups. The identified func-
tional principal component loadings for individual
items on the DISS data were used to obtain four factor
scores for each individual subject across the week of
data collection. Factor scores could then be compared
among insomnia and control subjects.
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