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Study Objectives: The objective was to psychometrically evaluate the
Insomnia Symptom Questionnaire (ISQ), a self-report instrument de-
signed to establish a clinically relevant case definition of insomnia con-
sistent with widely used insomnia classification criteria, using methods
from classical test theory and item response theory (IRT).

Methods: The ISQ was evaluated using IRT algorithms in a cohort of
362 pre-, peri- and post-menopausal women recruited for the SWAN
(Study of Women’s Health Across the Nation) Sleep Study. This yield-
ed a dichotomous outcome consistent with the presence/absence of
insomnia. The internal consistency and criterion validity of the dichoto-
mized ISQ were compared to traditional measures of sleep from sleep
diaries, polysomnography, and the Pittsburgh Sleep Quality Index us-
ing kappa statistics, and indices of sensitivity, specificity, positive and
negative predictive value (PPV), and likelihood ratio tests (LRs).
Results: The ISQ identified 9.8% of the sample as meeting insom-
nia, consistent with established diagnostic criteria. Reliability was es-
tablished with Cronbach a (a = 0.89). The ISQ had high specificity

(> 90%), but sensitivity, PPV, NPV, and LRs varied according to which
sleep measure was used. Concurrent validity was not confirmed with
any of the traditional sleep summary measures (kappas < 0.30).
Conclusions: The ISQ captures the multidimensionality of insomnia
better than traditional sleep measures as it ascertains symptoms of in-
somnia that are based on DSM-IV and RDC criteria. The high specifici-
ties suggest that the 1ISQ has a high probability of correctly identifying
those without insomnia and would be a cost-effective tool in large ob-
servational studies in which the prevalence of insomnia is likely to be
about 10%. Further evaluation of the I1SQ, including validation against
clinical interviews, is warranted.
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Insomnia is a major public health problem affecting millions
of individuals, along with their families and communities." In-
somnia is defined as difficulty initiating or maintaining sleep, or
unrefreshing sleep despite adequate opportunity for sleep. It is the
most commonly reported sleep disturbance, affecting up to 30%
of the adult population.>* Women are 1.4 times as likely as men
to complain of insomnia symptoms,’ and this number significant-
ly increases with the transition into the menopausal period.>¢®
Recent epidemiological data indicate that approximately 40% of
women between the ages of 40 and 55 years report recent sleep
difficulties that resemble symptoms of insomnia.

Diagnostic criteria for insomnia from the American Acad-
emy of Sleep Medicine and the American Psychiatric Associa-
tion include: (1) a complaint of problems initiating or maintain-
ing sleep, and/or that sleep is nonrestorative or poor in quality;
(2) the duration of the sleep complaint is at least 1 month; and
(3) complaints of significant impairment in social, occupational
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or daily functioning.”'® Although these criteria do not include
frequency of occurrence, a frequency criterion of > 3 nights
per week is commonly used." Clinical interviews conducted
by trained clinicians are used to establish a clinical diagnosis of
insomnia, but the use of a fully structured interview!'? is often
impractical in large epidemiological studies because it is time-
consuming and costly."*'* Cost-effective metrics for assessing
insomnia are needed.

Various symptom severity questionnaires have incorporated
diagnostic criteria for chronic insomnia.'> Several of these cor-
respond directly to specific established diagnostic criteria by as-
sessing sleep complaints, duration and/or daytime consequences.
These include the Insomnia Severity Index (ISI),'* the Medical
Outcomes Study (MOS) Sleep measure,'” the Women’s Health
Initiative Insomnia Rating Scale (WHIIRS),'® the Athens Insom-
nia Scale,' and the Short Insomnia Questionnaire (SDQ).* How-
ever, none of these instruments establishes a case definition of in-
somnia that would be an appropriate analog of clinical interviews
for epidemiological studies, and none provides a dichotomous
outcome based on a case definition that would allow a clinician
or researcher to confidently categorize participants.'®

Other sleep instruments assess specific sleep characteristics
or quality, but were not designed to identify insomnia per se.
For instance, the Pittsburgh Sleep Quality Index (PSQI)*' is a
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questionnaire with established reliability and validity that is fre-
quently used for measuring sleep quality and identifying good
and bad sleepers. However, it was not designed to assess in-
somnia based on diagnostic criteria. The PSQI’s reliability and
validity for identifying people who have difficulty initiating
or maintaining sleep, a necessary symptom of insomnia, may
be improved by using a more stringent cutoff score (> 10).20-2
Nevertheless, the PSQI does not ascertain frequency of sleep
symptoms nor specific information on daytime consequences.

Based on the above, we identified the need for a self-report
questionnaire guided by established diagnostic criteria that
could be used to identify insomnia in large epidemiological or
health services research studies. We administered the 13-item
Insomnia Symptom Questionnaire (ISQ) (Appendix 1) to pre-,
peri-, and post-menopausal women in a large observational
study and compared the reports of symptoms from this instru-
ment to other measures of sleep including the PSQI, sleep dia-
ries, and nocturnal polysomnography (PSG) data. There was no
true “gold standard” for diagnosing insomnia in our sample as
we had no clinical interview. Rather, the available sleep mea-
sures were used to suggest the presence of a sleep disorder.
Therefore, the analyses focused on the internal consistency and
criterion (i.e., concurrent) validity of the ISQ. The aims of the
present analyses were (1) to describe the development of a scor-
ing algorithm using item response theory (IRT) that yielded a
clinically relevant case definition of insomnia, and (2) to pres-
ent the psychometric properties of the ISQ.

METHOD
Participants

Participants were 370 mid-life women who took part in a
cross-sectional study of sleep during the menopausal transition.
They were recruited from 4 (Chicago, IL; Detroit area, MI;
Oakland, CA; and Pittsburgh, PA) of 7 study sites participating
in the Study of Women’s Health Across the Nation (SWAN),
a longitudinal study of menopause and aging. The recruitment
methods and study design for the Core SWAN Study have been
described.”® All Core SWAN participants participating in the
year 5, 6, or 7 annual follow-up visits (2003—-2005) were ap-
proached for SWAN Sleep Study participation. Exclusions for
Sleep Study participation were hormone therapy (HT) use; ac-
tive chemotherapy or radiation; oral corticosteroid use; regular
participation in shiftwork; regular consumption of >4 alcoholic
drinks/day; and noncompliance with Core SWAN study proce-
dures (missed > 50% of annual visits, refused annual visit blood
draw). During the final year of the sleep study, postmenopaus-
al women were also included to provide evaluations of sleep
across the full spectrum of menopausal transition stages. Eight
women had incomplete or missing data for the ISQ, leaving an
analyzable sample of 362 women. Informed consent was ob-
tained in accordance with institutional review board-approved
protocols at each SWAN site.

Procedure

Sleep data collection included PSG, daily sleep diaries, and
self-report sleep symptom questionnaires (ISQ, PSQI). PSG
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sleep studies were conducted in participants’ homes during the
first 3 days of the protocol which spanned a full menstrual cy-
cle or up to 35 days, whichever was shorter. Participants were
scheduled for the SWAN Sleep Study protocol based upon the
timing of their menstrual cycle. Each woman began the sleep
protocol at the initiation of menstrual bleeding (between days
3-6 of the early follicular phase) to allow greater comparabil-
ity in considering cycle effects on sleep. If the participant had
been without menses or was not regularly cycling for at least 4
months she was considered peri- or late-peri-menopausal and
the study was scheduled at her convenience. Throughout the
protocol, participants completed daily sleep-wake diaries at
bedtime and upon awakening. The ISQ and the PSQI data used
in this report were completed on Day 4 of the protocol.

Measures

The Insomnia Symptom Questionnaire (ISQ) (Appendix 1) is
a 13-item self-report instrument designed to identify insomnia.
ISQ questions were based on the American Psychiatric Asso-
ciation’s fourth edition of the Diagnostic and Statistical Manual
(DSM-1V) criteria for primary insomnia'® and are consistent
with the American Academy of Sleep Medicine’s (AASM)
Research Diagnostic Criteria (RDC).** However, the ISQ does
not assess whether the sleep disturbance occurs exclusive of
another sleep disorder, mental disorder, or substance or gen-
eral medical condition (criteria C-E in DSM-IV for primary
insomnia); nor does it ask if the participant has adequate op-
portunity to sleep (RDC criteria). Questions on the ISQ follow a
stepped approach: (1) ascertaining the presence of a complaint
of difficulty initiating or maintaining sleep, or feeling that the
sleep was nonrestorative or unrefreshing; (2) determining the
frequency of complaints (questions 1-5) and duration of these
symptoms; and (3) evaluating the severity of daytime correlates
of the sleep complaint(s) (questions 6-13). The ISQ items con-
tain multiple choices on an ordinal scale to assess the presence,
frequency and/or severity of the complaint. For example, the
“During the past month have you had difficulty falling asleep?”
item includes choices ranging from 0 = never to 5 = always
(5-7 days per week), and a follow-up contingency question
asks about the problem’s duration with open-ended responses
for weeks, months, or years. Similarly, questions 6-13 assess
the extent to which the individual’s endorsed sleep complaints
affect daytime activities, with response choices ranging from
0 =not at all to 4 = extremely.

The Pittsburgh Sleep Quality Index (PSQI) ' is a 19-item ques-
tionnaire used to measure sleep quality complaints. Seven com-
ponent scores assess habitual duration of sleep, nocturnal sleep
disturbances, sleep latency, sleep quality, daytime dysfunction,
sleep medication usage, and sleep efficiency. The 7 components
(range 0-3) are summed to yield a measure of global sleep quality
with a range of 0 (good sleep quality) to 21 (poor sleep quality).
The PSQI and its psychometric properties have been character-
ized in various populations, including patients with insomnia
and depression and in healthy good sleeper controls.”'?? These
reports have documented adequate sensitivity and specificity us-
ing a cutoff score > 5 to identify those with poor sleep quality in
depressed and normal sleepers, and a cutoff score > 10 to identify
poor sleep quality among people with insomnia.



Self-reported and PSG assessed sleep variables. Three
pathognomic symptoms of insomnia are difficulty falling asleep,
difficulty staying asleep, and unrefreshing sleep. Sleep onset la-
tency, wake after sleep onset, and sleep efficiency are 3 derived
sleep variables used to quantify the first 2 of these symptoms.
Unrefreshing sleep is defined from a subjective perspective.
Sleep onset latency (SOL) is defined as the time one “time tried
to go to sleep” to sleep onset. Wake after sleep onset (WASO)
is defined as the total number of minutes spent awake following
sleep onset. Time in bed (TIB) is defined as the total amount of
time from reported “time tried to go to sleep” to the time of the
reported final awakening from sleep. Total sleep time (TST) is
defined as minutes of time spent asleep. Sleep efficiency (SE) is
defined as the ratio of TST to TIB multiplied by 100.

Sleep diaries®™ were used to capture daily measures of self-
reported sleep parameters at both a morning and evening record-
ing time. Variables included mean values for SOL, WASO, TST,
TIB, and SE calculated from all available sleep diary data.

Ambulatory polysomnography (PSG) studies were conducted
in participants” homes. Recordings included bilateral central ref-
erential EEG (C, and C,, referenced to A, + A)), bilateral elec-
tro-oculograms (EOG), submentalis electromyogram (EMG),
a modified V2 lead electrocardiogram (EKG), and inductance
plethysmography abdominal and thoracic belts. On Night 1, ad-
ditional data (nasal pressure monitoring, oral-nasal thermistors,
and fingertip oximetry, and bilateral anterior tibialis EMG leads)
were collected to assess sleep disordered breathing and periodic
leg movements. Sleep was visually scored in 20-s epochs using
standard scoring criteria,”® supplemented by apnea-hypopnea
criteria derived from American Academy of Sleep Medicine
recommendations,”” and standard rules for scoring periodic limb
movements.”® Summary PSG variables (averaged over Nights 2
and 3) included SOL, WASO, TST, TIB, and SE.

Psychometric and Statistical Analyses

Item response theory (IRT) was used to determine the opti-
mal cutoffs for individual questions and yield a dichotomous
outcome (insomnia or no insomnia) that most closely reflects
established diagnostic criteria for insomnia. Conceptual guide-
lines and established psychometric techniques, including inter-
nal consistency and criterion validity measures, were used to
evaluate validity between the dichotomized ISQ and traditional
sleep measures. In order to restrict our analyses to individuals
without clinically significant sleep disordered breathing, wom-
en with an AHI > 15 were excluded from all analyses. The fi-
nal sample for the psychometric analyses included 266 women,
73.5% of the initial cohort.

ITEM ANALYSIS AND DEVELOPMENT OF SCORING ALGORITHM

In IRT, logistic regression equations are used to model a per-
son’s odds of a response choice from questionnaire items based
upon that respondent’s location along a latent dimension of an
ability or trait (here insomnia). This modeling locates a response
along the overall dimension based upon the respondent’s total
scale-score and, based upon this estimate, it also approximated
each item’s location (“item threshold”) and relevance (“dis-
crimination”) of reporting along a severity dimension “theta.”?
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Simultaneously, the standard error of location of a response on
the latent trait was estimated.*® The collection of item param-
eters comprised the representation of the overall severity of the
latent dimension of insomnia. We used a 2-parameter model.
The first parameter represented discrimination, namely, how
“decisive” the question was, compared to other questions. The
second parameter represented thresholds, namely where the
item information was located along the spectrum severity.

IRT was also used to identify the questions that uniquely
contributed the most useful information to an ISQ insomnia
definition (item-category reduction). Item-category reduction
assists in reducing redundancy of questions. It is also desirable
for the questionnaire to be unidimensional. We used scree plot
and eigenvalues when modeling across all item categories (with
the item being considered a “testlet”) conjointly estimating
every item information curve (IIC) in the collection of items.
The information curve data then allow one to justify where the
number of item-categories could be reduced and compared the
relative information provided by each item. We began the item-
category reduction process by heuristically evaluating the item-
category probability curves or item characteristic curves (ICC)
for each item, which shows the predicted logistic function prob-
ability of responding in the item choice category, given where
the respondent is estimated to be on the trait spectrum.’! This
process was completed iteratively until a dichotomous outcome
could be determined for each item and for the entire ISQ.

STATISTICAL ANALYSES

Descriptive statistics were used to characterize the subjective
(questionnaires and diary) and PSG sleep measures for the sam-
ple. Traditional psychometric characteristics including content and
face validity, internal validity, and criterion (concurrent) validity
were then examined. Internal reliability was characterized using
Cronbach o statistic.’” In the absence of a gold standard, concur-
rent validity and indicators of diagnostic accuracy (e.g., sensitiv-
ity, specificity, and predictive value) were estimated by comparing
the dichotomized ISQ to widely used indicators of insomnia (e.g.,
PSG- and diary-assessed indicators of difficulty falling and stay-
ing asleep).® Lastly, likelihood ratios (LR) were used to evaluate
how adequately the ISQ performed as a diagnostic test. This ap-
proach has the advantage of being less likely to change with the
prevalence of the disorder in different samples as compared to
estimates of sensitivity and specificity.** “LR positive” indicates
how much more likely it would be to find a positive ISQ in those
with insomnia compared to those without insomnia. Generally,
LR values > 10 suggest a strongly positive result, > 5-10 indicate
a moderate result, > 2-5 is a small result, and LR values of 1-2
suggest the questionnaire is non-informative.*

Insomnia estimates used to evaluate the validity of the ISQ
were derived from three sources: PSQI, sleep diaries, and PSG.
We dichotomized the PSQI global score at 2 cutoffs (> 5 and > 10)
reflecting the values used in previous mixed-subjects samples !
and samples of insomnia subjects.?>** The decision to use com-
parison values for SOL (> 31 minutes), WASO (> 31 minutes),
and SE (< 85%) from the sleep diaries and PSG was based on
various reports and recommendations for quantitative insomnia
criteria.”*!"%% For the sleep diary data, the frequency of the sleep
complaint was also assessed in accordance with the RDC.*
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Figure 1a

Item Characteristic Curve: Q5 Feeling that sleep
is unrefreshing?

Graded Response Model

0.8 1

o
o

Probability

I
IS

0.2 1

Ability

Information

Item Information Curve: Q5: Feeling that sleep
is unrefreshing?

Scale Score

1=Not at all
2 = Don't Know
3 = Rarely (<1X/week)

Category legends

4 = Sometimes (1-2X/Week)
5 = Frequently (3-4X/Week)
6 = Always (5-7X/Week)

Figure 1b
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Figure 1—Item Characteristic Curve (ICC) and Item Information Curve (IIC) Illustration. These graphs display parent polytomous and child
dichotomous item characteristic curves obtained as a part of deriving dichotomous cutpoints for the ISQ questions. For each ICC curve, the
inflection point represents the location of item thresholds along the spectrum of responding (“Theta”) where near-neighbor responders were
50% likely to endorse a more severe or less severe item category. The IIC curve depicts the information location and strength provided by the
item, compared to other questionnaire items, along the same spectrum, based upon the information provided by each ICC curve. In the ICC
graphs for the polytomous responses concerning the frequency of difficulty falling asleep, it can be appreciated that the item thresholds are
comparatively aggregated in the region of Theta = +1. In the corresponding IIC graphs, the information provided by the summation of the item
categories can be noted. The IIC item evaluation points to where the item provides its overall information. In the dichotomous simplification
of this item, where the responses are dichotomized, the binomial IIC is located in the approximate location where the thresholds are located
in the parent polytomous item. The IIC for the binomial child item illustrates that the dichotomization of the parent polytomous item has
preserved the information profile of the parent item in the approximate region where the case:control separation could be plausibly drawn.
The decision of cutpoint was made after several data runs, as the number of polytomous categories was sequentially reduced.
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Table 1—Subjective and Polysomnographic Sleep Characteristics for Women Who Meet the Case Definition (Insomnia) and Women Who do

not Meet the Case Definition (No Insomnia)

No Insomnia

N =320
(89.4%)
PSQI global score 64+23
Diary Data
Sleep Onset Latency 14.6 £ 10.7
(minutes)
Wake after Sleep 14.0+13.8
Onset (minutes)
Total Sleep Time 401.8+47.9
(minutes)
Time in Bed (minutes) 492.7+70.1
Sleep Efficiency (%) 93.2+4.6
Polysomnography Data
AHI (events per hour) 9.6+13.4
Sleep Onset Latency 21.3+£20.1
(minutes)
Wake after Sleep 52.0+30.2
Onset (minutes)
Total Sleep Time 376.0 £53.6
(minutes)
Time in Bed 449.0 + 58.8
(minutes)
Sleep Efficiency (%) 83.8+7.7

Insomnia t-test
N=38
(10.6%)
95+32 t=16.6, df = 345,
p <0.001
249+ 18.6 t=-3.4,df =352,
p=0.002
24.5+16.5 t=-4.4,df =352,
p <0.001
379.1+77.4 t=1.8,df =352,
p>0.05
518.1+118.4 t=-1.3,352,
p>0.05
87.5+7.2 t=4.7,df =352,
p <0.001
16.6 £23.2 t=-1.8, df =356,
p>0.05
24.6 £26.7 t=-0.94, df = 356,
p>0.05
67.9+432 t=28.5,df =356,
p=0.03
351.5+69.8 t=3.6,df =356,
p <0.05
444.1 £ 65.0 t=0.50, df = 356,
p>0.05
79.1£10.2 t=17.1,df =356,
p=0.009

Table 2a—Cross-Tabulations Between PSQI Global Score (Cut-
off of >5 and >10) and ISQ Classifications of Subjects Who do not
Meet the Case Definition (No Insomnia) and those Who do Meet
the Case Definition (Insomnia)

PSQI Total PSQI Total
Global Score Global Score
<5 >5 <10 >0
1SQ
No Insomnia 93 137 230 207 23 230
Insomnia 2 24 26 15 11 26
Total 95 161 256 222 34 256

Additional composite variables were created to facilitate
more similar comparisons between measures. The first new
variable created a composite score from the sleep diaries which
considered the presence or absence of a complaint and the fre-
quency of the complaint (< 3 or > 3 x per week) for one month.
This composite score yiclded a categorical score that more
closely resembled the score from the ISQ. Since PSG only pro-
vides quantitative information for 3 days, a composite was not
created from PSG. The ISQ does not differentiate individuals
who have 1, 2, or 3 sleep symptoms. Moreover, the three vari-
ables used to identify a sleep symptom are highly collinear. So,
we conducted a principal components analysis (PCA) on SOL,
WASO, and SE (from diaries and PSG) to create a single fac-
tor devoid of units and overlap. A participant was identified as
“positive” for insomnia if minimum quantitative criteria were
met for SOL, WASO, or SE. Kappa statistics were used to test
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agreement between findings from the proposed classification
from the ISQ in relation to other sleep measures whose results
had been dichotomized. These analyses were conducted with
the use of SPSS Version 14.0.% A 2-sided probability of < 0.05
was designated as a statistically significant association.

RESULTS
IRT Analyses

Through a heuristic examination of ICC graphs, we identi-
fied a nocturnal sleep symptom frequency > 3 times per week
as the most discriminating cutpoint; this value also corresponds
with established case definitions of insomnia'®*(Figure la and
1b). For daytime symptoms, ICC graphs (not shown) indicated
that being bothered “quite a bit” or “extremely” for any of the
daytime consequences optimally distinguished this DSM-IV
specific criterion among those believed to have insomnia from
those without insomnia. Our selection of the cutpoint locations
for the individual items was based on our visual inspection of
the locations of the threshold parameters and the graphs of the
information functions.

IRT analyses of the ISQ culminated in a scoring algorithm
that identified insomnia based on the following responses: (1)
presence of at least one of 3 sleep symptoms: difficulty initiat-
ing sleep, difficulty maintaining sleep, or unrefreshing sleep;
(2) the symptom(s) occur with a minimum frequency of > 3
times per week; (3) duration of the sleep symptom is > 4 weeks;
and (4) at least one aspect of daily life (e.g., difficulties at work
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Table 2b—Cross-Tabulations Between SOL from Sleep Diary (= 31 minutes) and PSG (cutoft > 31 minutes) and ISQ Classifications of Sub-
jects Who do not Meet the Case Definition (No Insomnia) and Those Who do Meet the Case Definition (Insomnia)

SOL (sleep diary) Total
<31 min or >31 min &
> 31 min but > 3x/week#
< 3x/week
1SQ

No Insomnia 236 1 237
Insomnia 24 2 26
Total 260 3 263

SOL (PSG) Total
<31 min > 31 min
203 37 240
20 6 26
223 42 266

# Data from sleep diaries were assessed for sleep complaint of > 31 minutes and frequency of > 3x/week to identify parameters more closely

resembling DSM-IV and RDC diagnostic criteria.

Table 2¢—Cross-Tabulations Between WASO from Sleep Diary (> 31 minutes) and PSG (cutoff > 31 minutes) and ISQ Classifications of
Subjects Who do not Meet the Case Definition (No Insomnia) and Those Who do Meet the Case Definition (Insomnia)

WASO (sleep diary) Total
<31 min or >31 min &
> 31 min but > 3x/week”
< 3x/week
1SQ
No Insomnia 232 3 235
Insomnia 23 3 26
Total 255 6 261

WASO (PSG) Total
<31 min >31 min
55 185 240
5 21 26
60 206 266

# Data from sleep diaries were assessed for sleep complaint of > 31 minutes and frequency of > 3x/week to identify parameters more closely

resembling DSM-IV and RDC diagnostic criteria.

Table 2d—Cross-Tabulations Between Sleep Efficiency from Sleep Diary and PSG (cutoff of < 85%) and ISQ Classifications of Subjects
Who do not Meet the Case Definition (No Insomnia) and Those Who do Meet the Case Definition (Insomnia)

Sleep Efficiency Total
(sleep diary)

> 85% or <85% &

< 85% but > 3x/week

< 3x/week

1SQ

No Insomnia 232 5 237
Insomnia 25 1 26
Total 257 6 263

Sleep Efficiency Total
(PSG)
>85% <85%
142 98 240
10 16 26
152 114 266

Table 2e—Cross-Tabulations Between any Sleep Symptom and ISQ Classifications of Subjects Who do not Meet the Case Definition (No

Insomnia) and Those Who do Meet the Case Definition (Insomnia)

Any Sleep Symptom and Total
Frequency >3x/week
(sleep diary)
No Yes
ISQ

No Insomnia 230 7 237
Insomnia 21 5 26
Total 251 12 263

Any Sleep Symptom Total
PSG)
No Yes
47 193 240
4 22 26
51 215 266

or in social life) is affected “quite a bit” or “extremely” by en-
dorsed sleep symptoms (Appendix 2). As a validity and sensi-
tivity check, we considered additional frequency cutoffs with
respect to each sleep complaint and daytime consequence to
explore for variability in the sensitivity of the ISQ. Changing
the cutpoint modestly affected, but did not improve, the sensi-
tivity of the ISQ in the number of women identified as having
insomnia (data not shown).
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Sleep Characteristics

In the present sample, 38 (10.6%) women met diagnostic
criteria for insomnia as defined by the ISQ. The subjective and
PSG sleep measures for participants by ISQ insomnia criteria
are reported in Table 1. Among participants without clinically
significant sleep disordered breathing (AHI < 15), 26 (9.8%)
of the cohort met ISQ-derived criteria for insomnia, indicat-



ISQ: Psychometric Evaluation

Table 3—Evaluation of the Insomnia Symptom Questionnaire as a Diagnostic Screening Tool

Concurrent Confirmation Measure Sensitivity Specificity
PSQI (> 5) 14.9% 97.9%
PSQI (> 10) 32.4% 93.2%
SOL — diary (> 31 minutes) & >3x/week 66.7% 90.8%
WASO — diary (> 31 minutes) & >3x/week 50.0% 91.0%
SE — diary(< 85%) & >3x/week 16.7% 90.3%
Any sleep symptom &> 3x/week (Diary)  41.7% 91.6%
SOL — PSG (= 31 minutes) 14.3% 91.0%
WASO - PSG (= 31 minutes) 10.2% 91.7%
SE — PSG(< 85%) 14.0% 93.4%

PPV NPV Kappa LR
92.3% 40.4% 0.10 1.55
42.3% 90.0% 0.28 4.23
7.7% 99.6% 0.12 3.44
11.5% 98.7% 0.16 9.01
3.8% 97.9% 0.03 1.82
19.2% 97.0% 0.21 6.52
23.1% 84.6% 0.05 1.38
80.8% 22.9% 0.01 1.04
61.5% 59.2% 0.08 1.51

PPV = Positive predictive value; NPV = Negative predictive value; LR = Likelihood ratio for a positive test; PSQI = Pittsburgh Sleep Quality
Index; SOL = Sleep onset latency; WASO = Wake after sleep onset; SE = Sleep Efficiency; PSG = Polysomnography; Any sleep complaint =

endorsement of SOL > 31min OR WASO > 31 min OR SE < 85%

ing symptom overlap between symptoms of insomnia and sleep
apnea. Women who were identified as having insomnia on the
ISQ had more sleep symptoms (SOL > 31 minutes or WASO >
31 minutes or SE < 85%) indicating greater sleep disturbance,
as measured by sleep diary (F ooy =83, p= 0.001) and PSG
measures (F ., = 12.2, p = 0.02), than did women who were
not identified as having insomnia on the ISQ.

Psychometric and Test Characteristics

Content and face validity were considered excellent since the
ISQ questions were derived directly from widely accepted and
published criteria from DSM-1V'? and RDC.* The 13-item ISQ
had an overall reliability coefficient (Cronbach a) of 0.89, indi-
cating a high degree of internal consistency.*

The criterion validity of the ISQ was assessed by examining
the diagnostic accuracy of ISQ outcomes referenced to dichoto-
mized PSQI scores and dichotomized estimates of SOL, WASO,
and SE, and subsequent composites, from sleep diary and PSG
(Table 2a-e). Tables 2b and 2c indicate that comparing the ISQ
to a composite measure derived from the sleep diary consisting
of SOL or WASO > 31 minutes or SE < 85% and frequency of
> 3 times per week results in more true negatives than quantita-
tive data from PSG alone. The highest sensitivities (66.7% and
50.0%), and specificities (90.8% and 91.0%), with respect to SOL
or WASO, were from the sleep diary (Table 3). When comparing
the dichotomized ISQ to other sleep measures, specificities were
quite high (all > 90%), indicating that the ISQ identifies those
without insomnia in a manner consistent with sleep parameters
from the sleep diaries, PSG, and PSQI. Sensitivities (10.1% to
66.7%) were much more variable, indicating that the ISQ insom-
nia definition was not sensitive to the manner in which those sleep
measures characterize insomnia. The wide range of PPV similarly
indicates that traditional sleep measures and methodologies dif-
ferentially identified false positives. Similarly, NPV was highest
when composite measures were assessed (90% to 99%). With re-
spect to the composite variables, the sleep diary composite vari-
able (which includes any sleep symptom and minimum frequency
> 3 times per week) most closely resembled the ISQ definition as
it considers 2 of the 4 criteria used to diagnose insomnia. PSG, on
the other hand, can only capture one criterion, i.e., the presence of
sleep disturbances, and it compared poorly with the ISQ.

As seen in Table 3, the kappa values between dichotomized
ISQ scores and PSQI scores, as well as cutoffs derived from the
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sleep diary and PSG variables (SOL > 31 minutes, WASO >
31 minutes, and SE < 85%), indicate no agreement when com-
pared to reference values proposed by Landis.’” The LRs indi-
cate that the ISQ is more similar to the composite measure from
the sleep diary that includes WASO and frequency > 3 times per
week in its ability to identify who has insomnia (LR > 6). The
single diary SE measure and all PSG data do not provide useful
measures of validity (LRs 1-2) (Table 3).

DISCUSSION

There is a growing need for an easily administered and scored
self-report measure that provides a clinically relevant case-def-
inition of insomnia guided by established diagnostic criteria,
such as the DSM-IV'® and the AASM’s RDC.** The ISQ was
developed to provide such a tool. We used IRT analysis to eval-
uate which ISQ items provided the most information regarding
symptoms of insomnia and which cutoff on those items would
support the specification of a simple scoring algorithm with a di-
chotomous outcome of insomnia (“present” or “absent”) that is
suitable for use in large scale research studies. Our preliminary
evaluation suggests that the ISQ effectively identifies insomnia
caseness based on DSM-IV'? and RDC* criteria. In contrast to
other self-report measures, the ISQ contributes additional infor-
mation for complaint criteria of > 3 times per week and at least
one month duration, respectively, in the diagnosis process.

The case definition of insomnia includes an aggregate of
symptoms together with severity.'*** In epidemiological or health
services research, and in research settings where trained sleep
medicine specialists are not available, the use of a structured
clinical interview is impractical and costly.*® Since few current
retrospective instruments assess all recommended criteria,'**
particularly frequency or daytime consequences, the use of mul-
tiple complementary, reliable methods, including retrospective
and prospective estimates, is typically suggested to adequately
capture all the different dimensions."*® In the context of a re-
search study, when clinical interviews are not an option, a com-
bination of other proxies, such as patient history, physical exam,
sleep diaries, and questionnaires, can generate a reliable estimate
of insomnia caseness.****!'*? That the ISQ captures a defined set
of insomnia symptoms enhances its interpretability in research
studies when a clinical interview is not feasible.

Insomnia is a multidimensional disorder.’®“! Since the ISQ
assesses the recommended criteria, while traditional sleep mea-
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sures assess one or two criteria, it is not necessarily surpris-
ing that there was low agreement for the diagnosis of insomnia
between the ISQ and the other measures of sleep using kappa
statistics.*” Likewise, the low LRs and variable PPV suggest
that if a symptom cluster more closely approximates the DSM-
IV' or RDC* diagnosis, then the gold standard should include
symptom frequency criteria. The ISQ appears superior to cur-
rent methods since it assesses the multidimensionality of the
insomnia disorder better than traditional methods.

Sleep diaries are commonly used to provide a detailed, pro-
spective account about quantitative sleep disturbances and their
variability.*® However, quantitative information alone is insuf-
ficient to diagnose insomnia. To allow a more reliable com-
parison between the sleep diary and the ISQ, we utilized the
recommended cutoff of > 31 minutes in conjunction with an
associated frequency. We are not aware of any other published
reports that have measured frequency of a sleep complaint
when using sleep diaries as comparison measures.'® This cutoff
as compared with > 30 minutes or > 60 minutes appears to pro-
vide a more meaningful estimate and one that better reflects an
unpleasant sleep experience."

Validating an insomnia questionnaire like the ISQ is best
served in a population that experiences high rates of insomnia
so that there are a sufficient number of true positives. Using the
SWAN Sleep Study to validate the ISQ was ideal since many
women going through the menopausal transition report symp-
toms of insomnia.®”** The ISQ identified an insomnia diag-
nosis prevalence of 9.8% in this cohort of pre-, peri, and post-
menopausal women, excluding those with an AHI > 15. This
prevalence rate is consistent with the prevalence rates reported
by Ohayon (2002) which were 6% for the general population,
corresponding to a decision-making diagnosis using DSM-1V
classifications of criteria for insomnia, and 9% to 15% when the
diagnosis was based on insomnia symptoms and daytime con-
sequences.® Our prevalence estimate is also similar to a 14.3%
prevalence in a previous reported among menopausal Korean
women who were asked about difficulty initiating or maintain-
ing sleep or early morning awakenings.*

A limitation of the current study is the absence of a clinical di-
agnosis as a gold standard for validation. Future studies are need-
ed to compare the ISQ to clinical interviews, evaluate the ISQ’s
test-retest reliability, and assess other measures of validity. Con-
sistent with information gleaned during diagnostic interviews, it
might prove useful to include question(s) regarding opportunity/
circumstances for sleep as the ISQ undergoes further refinement.
Inclusion of this item may improve its sensitivity since it is a cri-
terion that is specific for the diagnosis of insomnia. The ISQ does
not assess insomnia due to another medical or mental condition
and since comorbidity was not evaluated in this report, it is pos-
sible that some of the women may have insomnia due to another
medical or mental condition. A follow-up evaluation of the ISQ
might take into account comorbid conditions such as depression
or anxiety. Lastly, sleep symptom reporting and prevalence rates
for insomnia differ between men and women, thus a limitation is
that this sample was all women.

A distinctive quality of the ISQ is that it is not only a severity
measure for insomnia, but it is an instrument that appears to pro-
vide an accurate case definition of insomnia. Following further
psychometric evaluations, we believe that the ISQ is likely to

Journal of Clinical Sleep Medicine, Vol.5, No. 1, 2009

emerge as a cost-effective self-report instrument with high utility
for use in large observational studies as a screening instrument.
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Appendix 1—Insomnia Symptom Questionnaire (ISQ)

Name

ID#

Date

Age

ISQ: Psychometric Evaluation

Instructions: If you have experienced any sleep symptoms during the past month please circle the
appropriate number to let us know how your sleep is affecting your daily life.

Rarely How long has the
less than Sometimes Frequently Always symptom lasted?
During the past month did Do not | once per 1-2 times per | 3-4 times per | 5-7 times | (# of weeks, months
you have... Never | know week week week per week or years)
1. Difficulty falling asleep? 1 wks
0 1 2 3 4 5 [l mos
ryrs
2. Difficulty staying [1wks
asleep? 0 1 2 3 4 5 00 mos
Lyrs
3. Frequent awakenings [1wks
from sleep? 0 1 2 3 4 5 1 mos
Cyrs
4. Feeling that your [1wks
sleep is not sound? 0 1 2 3 4 5 (1 mos
_ [yrs
5. Feeling that your [ wks
sleep is unrefreshing? 0 1 2 3 4 5 1 mos
_ [yrs

Instructions: If you have experienced any sleep symptoms during the past month please circle the
appropriate number to let us know how your sleep is affecting your daily life

During the past month... Not at all A little bit Moderately Quite a bit Extremely
6. How much do your sleep
problems bother you? 0 L 2 3 4
7. Have your sleep difficulties
affected your work? 0 1 2 3 4
8. Have your sleep difficulties
affected your social life? 0 1 2 3 4
9. Have your sleep difficulties
affected other important parts of 0 1 2 3 4
your life?
10. Have your sleep difficulties made
you feel irritable? 0 1 2 3 4
11. Have your sleep problems
caused you to have trouble 0 1 2 3 4
concentrating?
12. Have your sleep difficulties made 0 1 2 3 4
you feel fatigued?
13. How sleepy do you feel during 0 1 2 3 4
the day?
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Appendix 2—ISQ Scoring Algorithm

ISQ: Psychometric Evaluation

The Insomnia Symptom Questionnaire (ISQ) has 13 self-rated questions. Only questions 1,2 or 5 are used to determine the presence, fre-
quency AND duration of sleep symptom criteria. Questions 6-13 are used to identify significant daytime consequences of the sleep complaint.
Please answer the following questions based on the participants responses to determine if they meet the case definition of insomnia.

Scoring proceeds as follows:

Sleep symptom criterion
Is the answer to at least one of Questions 1, 2, or 5 “Frequently” or “Always”?
Duration criterion
Is the answer to at least one of Questions 1, 2, or 5 “ > 4 weeks?”
Daytime impairment criterion
Is the answer to at least one of Questions 6 -13 “Quite a bit” or “Always”?
If the answer to each question above is “Yes,” assign a diagnosis of insomnia disorder.

If the answer to one or more of the questions above is “No,” do not assign a diagnosis of insomnia disorder.

Yes No
Od Od
Od Od
Od Od
Insomnia disorder
O
No insomnia disorder
O
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