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Study Objectives: Although a substantial number of pregnant
women report symptoms of insomnia, few studies have used a
validatedinstrumenttodetermine the prevalenceinearly gestation.
Identification of insomnia in pregnancy is vital given the strong
connection between insomnia and the incidence of depression,
cardiovascular disease, or immune dysregulation. The goal of
this paper is to provide additional psychometric evaluation and
validation of the Insomnia Symptom Questionnaire (ISQ) and
to establish prevalence rates of insomnia among a cohort of
pregnant women during early gestation.

Methods: The ISQ was evaluated in 143 pregnant women
at 12 weeks gestation. The internal consistency and criterion
validity of the dichotomized ISQ were compared to traditional
measures of sleep from sleep diaries, actigraphy, and the
Pittsburgh Sleep Quality Index using indices of sensitivity,
specificity, positive and negative predictive value (PPV, NPV),
and likelihood ratio (LR) tests.

Results: The 1SQ identified 12.6% of the sample as meeting

a case definition of insomnia, consistent with established
diagnostic criteria. Good reliability was established with
Cronbach a =0.86. The ISQ had high specificity (most > 85%),
but sensitivity, PPV, NPV, and LRs varied according to which
sleep measure was used as the validating criterion.
Conclusions: Insomnia is a health problem for many pregnant
women at all stages in pregnancy. These data support
the validity and reliability of the 1SQ to identify insomnia in
pregnant women. The ISQ is a short and cost-effective tool
that can be quickly employed in large observational studies or
in clinical practice where perinatal women are seen.
Commentary: A commentary on this article appears in this
issue on page 593.
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Pregnant women report substantial sleep disturbances be-
ginning as early as 10 weeks.! Among the many sleep
complaints associated with pregnancy, difficulty initiating
or maintaining sleep or unrefreshing sleep, are the most fre-
quently reported issues."? Collectively these sleep symptoms
comprise only one aspect of clinical insomnia. According to
diagnostic criteria for insomnia, one must have: (1) a difficulty
initiating or maintaining sleep, and/or unrefreshing sleep de-
spite adequate opportunity for sleep; (2) the duration of the
sleep complaint is at least 1 mo; and (3) complaints of signifi-
cant impairment in social, occupational, or daily functioning.>*
Insomnia is associated with activation of the stress system re-
sulting in autonomic hyperarousal.>® It is also linked to vari-
ous morbidities including depression.”'? Emerging evidence
implicates autonomic hyperarousal as a pathway through
which the risk of depression is augmented.”® This association
is particularly relevant for pregnant women because there is
evidence that depression is associated with an increased risk
for preterm birth (PTB),"* and prenatal depression negatively
impairs maternal-child bonding and neurocognitive develop-
ment."'” Having a simple diagnostic tool to identify clinical
insomnia in pregnant women could be a first step in reducing
the incidence of depression, autonomic hyperarousal, as well
as adverse pregnancy outcomes, such as PTB.

BRIEF SUMMARY

Current Knowledge/Study Rationale: Pregnant women are at in-
creased risk for insomnia. Insomnia is associated with an increased risk
for adverse health outcomes. Identifying insomnia in pregnant women
using a diagnostically valid instrument could assist with the diagnosis
of insomnia. Early identification may lead to early intervention, and a
subsequent amelioration of risk.

Study Impact: The ISQ provides useful clinical information regarding
degree and severity of insomnia symptoms. Given what we know about
sleep and adverse pregnancy outcomes, use of the ISQ could help with
the dissemination of the importance of sleep and sleep problems during
pregnancy.

Pregnant women are attracting greater attention with regard
to insomnia. Evidence supports the conviction that an increasing
number of women report insomnia symptoms following concep-
tion."® 2% Although the majority of the evidence indicates that the
third trimester confers the greatest risk for developing insom-
nia,'”?! few studies have assessed sleep in early pregnancy and
none have evaluated the prevalence of a case definition of insom-
nia. We contend that a substantial number of women are at risk
of developing insomnia in early pregnancy based on the myriad
physiological and psychological changes that occur. The first
weeks of conception are characterized by marked fluctuations in
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immune and endocrine markers* 2 known to directly and indi-
rectly affect sleep. Physical symptoms, such as increased need
to urinate, backache, and nausea, are recognized disruptors of
sleep.?”*® Psychological factors, including pregnancy-related anx-
iety and distress, can also impair a woman’s ability to effectively
return to sleep.? We recently reported that about 30% of nonde-
pressed pregnant women endorsed symptoms of insomnia at 20
w.2’ We believe that early pregnancy may be a critical period in
which to identify insomnia, given the vast physiological adapta-
tions that occur during this time,**** as well as the links between
symptoms of insomnia and adverse pregnancy outcomes.****
Various symptom severity questionnaires have been incor-
porated into studies of sleep in pregnancy in order to assess the
prevalence of insomnia. Several of these correspond to specific
diagnostic criteria by assessing sleep complaints, duration and/
or daytime consequences. Kizilirmak and colleagues'® used the
Women'’s Health Initiative Insomnia Rating Scale (WHIRS)* to
identify the prevalence of insomnia in 486 women during preg-
nancy. Although they found that > 50% of the women scored
positive for insomnia sleep symptoms,'” the WHIRS only as-
sesses the frequency of the sleep symptoms in the past 4 w, but
not the daytime impairment which is a key component of diag-
nostic criteria. Dorheim et al.”® used the Bergen Insomnia Scale
(BIS) in 2,816 women at two times during pregnancy. Similarly,
they found that about 61% of women met Diagnostic and Sta-
tistical Manual for Mental Disorders, Fourth Edition (DSM-
IV) criteria for insomnia at 32 w gestation.!® Although the BIS
adequately assesses diagnostic insomnia criteria, it does not
capture the duration that one has experienced insomnia. Thus,
insomnia may be overdiagnosed with this scale. Others have
used the Pittsburgh Sleep Quality Index (PSQI)**" to indicate
prevalence of sleep disturbance and/or insomnia in pregnancy.
Although the PSQI may reliably quantify subjective sleep qual-
ity in pregnant women,*“° it was not designed to identify in-
somnia per se. The most commonly used measure of insomnia
symptoms in pregnant women has been the Insomnia Severity
Index (ISI).* Several studies of pregnant women report high
rates of insomnia symptoms. Swanson et al.*? reported that
45% of pregnant women scored above the threshold value, and
Fernandez-Alonso et al.* identified more than 73% in late preg-
nancy. Manber and colleagues,** however, reported that only
17% of Latina women, across all trimesters, met criteria for in-
somnia (> 10) and that there was no difference across trimesters.
The Insomnia Symptom Questionnaire (ISQ) is a vali-
dated 13-item self-report instrument designed to identify in-
somnia.* However, it has only been validated in a cohort of
perimenopausal and postmenopausal women.* The extent to
which pregnant women experience insomnia differentially or
to a varying degree than other groups of women has not been
evaluated. In the current paper, we psychometrically evaluate
the ISQ in comparison to sleep data ascertained by frequently
used collection methods utilized in pregnant women. Addi-
tionally, in light of the goals of the Healthy People 2020 initia-
tive,*** this tool may be exceptionally valuable in the clinical
setting. Both prenatal health care visits and sleep health are
highlighted as areas of opportunity in which to reduce present
and future morbidity. We further sought to estimate the preva-
lence of insomnia in early pregnancy, given evidence that in-
somnia contributes to pregnancy-related morbidity.'*4%4°
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METHODS

Participants

Study participants were 160 pregnant women between age
18 and 45 y who were recruited from the greater Pittsburgh
area from October 2008 through December 2012 as part of a
larger study evaluating pregnancy-related sleep disturbances
in relation to perinatal outcomes."* The women were identi-
fied through self-referral, physician referral, local advertis-
ing, or enrollment in University research registries. Potential
participants were excluded it they self-reported a diagnosis
of a mental disorder, sleep disorder, had chronic diseases,
including diabetes, human immunodeficiency virus, or uter-
ine abnormalities, or were actively taking antidepressants or
receiving other treatments for mental disorders, i.e., therapy.
Women were not objectively tested for sleep disturbances,
such as obstructive sleep apnea/sleep disordered breathing.
Nor were they clinically assessed for restless legs. Data from
women who miscarried (n = 7) or did not have complete sleep
data at 10—12 weeks or ISQ data (n = 10) were not included in
the current analyses, leaving a final sample of 143 women. All
participants provided written consent. Approval was received
from the University of Pittsburgh Institutional Review Board.

Procedures

The research design was a prospective observational study,
examining daily indices of sleep in early gestation. Participants
recorded subjective sleep and daily activity in the Pittsburgh
Sleep Diary* and wore a wrist actigraph (Mini Mitter, Phil-
ips Respironics, Bend, OR) on their nondominant arm for 2 w
during 10-12 weeks gestation. The assessment period enabled
collection of all sleep patterns for the entire time period, often
including irregularities due to illness, travel, “on call” nights,
etc. All available days with data were included in the descrip-
tive analyses. Subsequent to the diary/actigraphy assessment
period, participants completed a series of online questionnaires.

Measures

The ISQ is a 13-item self-report instrument designed to iden-
tify insomnia.* ISQ questions are based on DSM-IV criteria
for primary insomnia* and are consistent with the American
Academy of Sleep Medicine’s (AASM) Research Diagnostic
Criteria (RDC).”" The ISQ does not assess whether the sleep
disturbance occurs exclusive of another sleep disorder, mental
disorder, or substance or general medical condition (criteria
C-E in DSM-IV for primary insomnia) that allows clinicians to
diagnose other DSM-IV insomnia subtypes. However, in the
current sample, women were excluded if they reported a diag-
nosis of a sleep disorder or major medical condition. Hence, it
is likely that the women in whom insomnia was diagnosed via
the ISQ have primary insomnia. The ISQ and its psychomet-
ric properties have been characterized in a cohort of midlife
women going through the menopausal transition. Compared to
traditionally used methods to identify insomnia, the ISQ has
good internal reliability, Cronbach a = 0.89, modest sensitivity
(50—66.7%), and excellent specificity (90.8-91.0%)).

The PSQI* is an 18-item questionnaire used to measure
sleep quality complaints. Seven component scores assess



habitual duration of sleep, nocturnal sleep disturbances, sleep
latency, sleep quality, daytime dysfunction, sleep medication
usage, and sleep efficiency. The seven 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 charac-
terized in various populations, including patients with insom-
nia, depression, and pregnant women.**? These reports have
documented adequate sensitivity and specificity using a cutoff
score > 5 to identify those with poor sleep quality in depressed
and pregnant women, and a cutoff score > 10 to identify poor
sleep quality among people with insomnia.

Other measures are self-reported and actigraphy-assessed
sleep variables. Symptoms of insomnia include difficulty fall-
ing asleep, difficulty staying asleep, and unrefreshing sleep.
Three resultant variables are sleep onset latency (SOL), wake
after sleep onset (WASO), and sleep efficiency (SE). These
variables are used to quantify the first two symptoms of in-
somnia. Unrefreshing sleep is defined from a subjective per-
spective. SOL is circumscribed as the interval between when
one “tried to go to sleep” to the onset of sleep. WASO is cir-
cumscribed as the total number of minutes spent awake fol-
lowing sleep onset. Time in bed (TIB) is circumscribed 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 circumscribed as minutes of time spent
asleep between sleep onset and offset. SE is circumscribed as
the ratio of TST to TIB, multiplied by 100.

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

Wrist actigraphy data (Mini Mitter Actiwatch 64; Philips Res-
pironics) were collected for 14 continuous days via an actigraph
worn on the nondominant wrist. Participants were instructed to
press the event marker button when “I tried to go to sleep” and
when “I got out of bed.” Data were analyzed in 1-min epochs
with Actiware version 5.04 software (Philips Respironics) us-
ing sleep diary data to corroborate bedtime and wake time. On
download, each record was visually inspected for collection
quality (i.e., correct number of days and watch removals). The
Auto Interval option was set to identify one primary Rest Interval
per 24-h period, using the markers as anchor points. This method
saves processing time but does not eliminate the need for some
manual editing. Periods of time where the watch was not worn
during the protocol were excluded from the record prior to ex-
port. Sleep parameters calculated from the sleep diary and actig-
raphy data included SOL, WASO, and SE. These variables were
chosen as they are validated actigraphy parameters or have been
conventionally used in reports examining quantitative criteria for
insomnia: SOL > 31 min; WASO > 31 min; and SE < 85%.347

Statistical Analyses

Descriptive statistics were used to characterize the subjec-
tive (questionnaires and diary) and actigraphy-assessed sleep
measures. Pearson correlations were conducted to assess the
discriminant validity between the ISQ and three measures of
different constructs: the Inventory of Depressive Symptoms,™
the Perceived Stress Questionnaire,” and the Revised Prenatal

Psychometric Validation of the ISQ

Distress Questionnaire.” Traditional psychometric characteris-
tics including internal validity and criterion (concurrent) valid-
ity were then examined. Internal reliability was characterized
using Cronbach a statistic.®' Because we did not have the gold
standard of a clinical interview, concurrent validity and indica-
tors of diagnostic accuracy (e.g., sensitivity, specificity, and pre-
dictive value) were estimated by comparing the dichotomized
ISQ to widely used indicators of insomnia (e.g., actigraphy
and diary-assessed indicators of difficulty falling and staying
asleep).’**® Last, likelihood ratios (LR) were used to evaluate
how effectively the ISQ performed as a diagnostic test. This
approach 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” indi-
cates how much more likely it would be to find a positive ISQ in
those with insomnia compared to those without insomnia. Gen-
erally, LR values > 10 suggest a strongly positive result, > 5-10
indicate a moderate result, > 2—5 is a small result, and LR val-
ues of 1-2 suggest the questionnaire is noninformative.*

Insomnia estimates used to evaluate the validity of the ISQ
were derived from three sources: PSQI, sleep diaries, and ac-
tigraphy. We dichotomized the PSQI global score at a cutoff
of > 10 reflecting the values used in samples of insomnia sub-
jects.®"% The decision to use comparison values for SOL (>
31 min), WASO (= 31 min), and SE (< 85%) from the sleep
diaries and PSG was based on assorted reports and suggestions
for quantitative insomnia criteria.’3* For the sleep diary and
actigraphy data, the frequency of the sleep complaint was also
gauged in accordance with the RDC: > 3 times per week.!
These analyses were conducted with SPSS Version 21.0 (IBM
SPSS Statistics for Windows, Version 21.0, IBM Corporation,
Armonk, NY). A two-sided probability of < 0.05 was desig-
nated as a statistically significant association.

RESULTS

Sleep Characteristics

Participant characteristics are presented in Table 1. Twenty
women (12.6%) women met diagnostic criteria for insomnia as
defined by the ISQ. The women with insomnia were not sta-
tistically different from the women without insomnia on any
of the participant characteristics. Upon further examination of
the specific ISQ criteria, we observed 20 participants (14.0%)
had one of the three sleep complaints at least three times per
week, 81 (56.6%) with a sleep complaint indicated a duration
of greater than 1 mo, and 27 (18.9%) noted significant daytime
impairment as a result of the sleep complaint. The subjective
and actigraphy-assessed sleep measures for participants by
ISQ insomnia criteria are reported in Table 2. Women who
were identified as having insomnia on the ISQ had higher PSQI
scores, indicating poorer sleep quality (p < 0.001). They also
had greater diary-assessed WASO (p = 0.001) and poorer diary
and actigraphy-assessed SE (p = 0.018 and p = 0.046) than did
women who were not identified as having insomnia on the ISQ.

Psychometric and Test Characteristics
The 13-item ISQ had an overall reliability coefficient
(Cronbach a) of 0.86 indicating a high degree of internal
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Table 1—Participant characteristics.

+18Q -1sQ
Insomnia (n =20) No Insomnia (n = 123) df p
Age 30.4(5.8) 29.1 (4.6) t=-1.098 158 0.27
Education 1 =3.60 4 0.75
< High school 3 18
Some college 5 23
College 3 40
Some postgraduate 4 12
Postgraduate 5 30
Race 2 =1.60 3 0.85
Caucasian " 88
African American 4 29
Asian 1 2
Others 4 1
Marital status v =448 2 0.25
Married/living with partner 13 81
Never married 1 23
Separated/divorced/widowed 6 19
Employment status ¥ =116 1 0.28
No 4 14
Yes 16 109
Income? ¥?=13.98 5 0.12
< $20,000 2 28
$20,000-$34.999 4 14
$35,000-$49,999 5 7
$50,000-$74,999 1 21
$75,000-$99,999 3 22
>$100,000 4 24
Parity® 2 =049 1 0.62
Nulliparous 13 72
Multiparous 6 48

Data presented as mean (standard deviation) or number. 2Eight Women did not know or chose not to answer. °Missing parity from four women. df, degrees

of freedom; ISQ, Insomnia Symptom Questionnaire.

consistency.®’ Correlations indicate modest discriminant va-
lidity as indicated by small magnitude, but significant correla-
tions between the ISQ and the PSS (r= 0.14, p = 0.09), the New
Prenatal Distress Questionnaire (NuPDQ) (r = 0.17, p = 0.06),
and the IDS (minus the sleep items) (r = 0.20, p = 0.02). Al-
though the goal would be to observe no significant correlations,
given the high collinearity among the three constructs, the low
discriminant validity is not surprising.

Criterion validity of the ISQ was assessed by examining the
diagnostic accuracy of the ISQ outcome referenced to dichoto-
mized PSQI scores and dichotomized estimates of SOL, WASO,
and SE, and with and without frequency criteria considered,
from sleep diary and actigraphy (Tables 3—7). Tables 4-7 in-
dicate that the ISQ, when compared to a composite measure
derived from the sleep diary consisting of SOL or WASO > 31
min or SE < 85% and frequency of three or more times per
week resulted in fewer true negatives. When comparing the
dichotomized ISQ to other sleep measures, most specificities
were high (all > 80%) except for diary-assessed SOL (> 31 min
and three times per week = 62.5%) and any symptom derived
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from actigraphy (66.7%). Sensitivities (11.1-77.2%) were much
more variable, indicating that the ISQ insomnia definition did
not identify insomnia in the same manner in which the other
sleep measures identify symptoms of insomnia. The wide
range of positive predictive value similarly indicates that tradi-
tional sleep measures and methodologies differentially identi-
fied previously relied upon measures of insomnia (i.e. true and
false positives).

The LRs indicate that the ISQ is more similar to the PSQI
and actigraphy-assessed WASO in its ability to identify who
has insomnia (LRs > 5). The remaining measures based on
the LRs ranging from 1 to 2 do not demonstrate the ISQ to be
a useful measure for identifying insomnia as defined by the
other methods (Table 8).

DISCUSSION

In the current paper we psychometrically assessed the
ISQ in pregnant women and identified the prevalence of in-
somnia in early gestation. The validation results were not as
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Table 2—Subjective and actigraphic sleep characteristics for women who meet the case definition (insomnia) and women who
do not meet the case definition (no insomnia) at 10-12 weeks gestation.

Weeks 10-12
No Insomnia Insomnia
(n=123;87.4%) (n=20;12.6%) t df ]

PSQI global score 55+24 86+28 -5.13 141 <0.001
Diary data

Bedtime (lights out) 23:12+£60.1 23:19+614 -0.42 140 0.68

SOL (min) 19.6 £ 14.2 26.5+20.6 -1.45 141 0.16

WASO (min) 233174 384+218 -3.47 141 0.001

TST (min) 466.1 £ 52.1 4444 + 554 1.71 141 0.09

TIB (min) 508.4 + 53.1 509.4 +39.2 -0.05 141 0.96

Sleep efficiency (%) 914+49 87.0+75 2.55 141 0.018
Actigraphy data (n=128;92.5%) (n=19;15.8%)

Bedtime (event marker pressed) 23:15+654 2324 +71.7 -0.48 128 0.63

SOL (min) 145+12.2 145+9.2 0.018 128 0.99

WASO (min) 90.5+59.4 112.8 £57.9 -1.52 128 0.13

TST (min) 3944 +64.9 365.3 +69.3 1.78 128 0.077

TIB (min) 482.5+49.1 4782+429 0.36 128 0.94

Sleep efficiency (%) 76.8+11.0 712+127 2.02 128 0.046

Missing or insufficient actigraphy data from 13 women. Bedtime (lights out) for actigraphy was determined by participant pressing the event marker as
she turned out the lights. df, degrees of freedom; PSQI, Pittsburgh Sleep Quality Index; SOL, sleep onset latency; TIB, time in bed; TST, total sleep time;

WASO, wake after sleep onset.

encouraging as we would have liked to observe. The valida-
tion criteria are not methods used to independently identify
clinical insomnia; they are often used in conjunction with
other measures or clinical interview. Thus, although sensi-
tivities were low, this may be a function of the criteria. Our
group previously validated this questionnaire in a cohort of
midlife women* with similar results. We identified 12.6% of
pregnant women in early gestation, who self-reported no in-
somnia disorder upon enrollment, who subsequently met the
diagnostic criteria for insomnia. These findings support pre-
vious evidence that pregnancy confers increased risk for the
development of symptoms of insomnia that are analogous to
a case-definition of insomnia.'!"** The utility of this tool in
pregnancy may be to identify those with the most severe sleep
problems that persist. This may be clinically relevant given
the emerging evidence that sleep disturbance increases risk
for adverse pregnancy outcomes.?6-67

Insomnia is associated with significant morbidities including
an increased risk for depression,'® stress,®% and inadequate or
excessive gestational weight gain.®”® Although depression and
stress are well known consequences of insomnia, fewer stud-
ies have evaluated insomnia in relation to gestational weight
gain. Women are expected to gain adequate weight to support
the growing fetus.”' However, too little or too much weight gain
can pose serious health threats, including gestational diabetes,
hypertension, and metabolic irregularities, all of which can con-
tribute to obesity.’*™>”* Each of these specific morbidities are
important as they are independent risk factors for adverse preg-
nancy and infant outcomes, such as preterm birth, small- and
large-for gestational-age infants, and future disease.'*™"” More-
over, insomnia, depression,®*# and stress® are all independently

649

Table 3—Cross-tabulations between Pittsburgh Sleep
Quality Index global score (cutoff > 10) and Insomnia
Symptom Questionnaire classification of subjects who do
and do not meet the case definition (insomnia) from 10-12
weeks.

PSQI Global Score

1SQ <10 >10 Total
No insomnia 116 7 123
Insomnia 14 6 20
Total 130 13

Fisher exact Chi-square = 12.3, p < 0.001. I1SQ, Insomnia Symptom
Questionnaire; PSQI, Pittsburgh Sleep Quality Index.

associated with immune dysregulation. Several studies in the
literature confirm that exaggerated inflammation, specifically
chronic low-grade inflammation, is one biological pathway
linked to adverse pregnancy outcomes.?¢-86-88

The majority of the research has focused on the third tri-
mester when most women experience myriad physical and psy-
chosocial changes. These include a dramatic increase in body
size, physical discomfort, frequent need to urinate, nausea
and backache, an increase in restless legs syndrome, as well
as sleep disordered breathing.®**° Psychosocially, a woman is
often influenced by demands of life, work, and family. She
may experience increased levels of stress and distress.**! All
of these influences may disrupt sleep. However, we contend
that an emphasis regarding sleep concerns should be placed
on the first 20 w gestation. During this period, the conse-
quences of insomnia, regardless of where they are derived,
may have the most profound effect. Prior to 20 w a dominant
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Table 4—Cross-tabulations between sleep onset latency from sleep diary (= 31 minutes) and actigraphy (= 31 minutes)
and Insomnia Symptom Questionnaire classification of subjects who do (insomnia) and do not meet the case definition (no

insomnia) from 10-12 weeks.

Sleep Onset Latency
Sleep Diary Actigraphy
<3Mminor231min 231 min <3 minor231min 231 min

1SQ but < 3x/w & 2 3x/w Total but < 3x/w & 2 3x/w Total
No insomnia 120 3 123 122 1 123
Insomnia 19 1 20 20 0 20
Total 139 4 143 142 1 143

Fisher exact Chi-square = 0.42, p = 0.52 Fisher exact Chi-square = 0.16, p = 0.86

Data from sleep diaries were assessed for sleep complaint of = 31 min and frequency of = 3x/w to identify parameters more closely resembling Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edition and research diagnostic criteria. ISQ, Insomnia Symptom Questionnaire.

Table 5—Cross-tabulations between wake after sleep onset from sleep diary (= 31 min) and actigraphy (= 31 min) and
Insomnia Symptom Questionnaire classification of subjects who do (insomnia) and do not meet the case definition (no

insomnia) at 10-12 weeks.

Wake After Sleep Onset
Sleep Diary Actigraphy
<3 minor231min 231 min <31 minor231min 231 min
1SQ but < 3x/w & 2 3x/w Total but < 3x/w & 2 3xlw Total
No insomnia 62 61 123 5 118 123
Insomnia 8 12 20 3 17 20
Total 70 73 143 8 135 143
Fisher exact Chi-square = 0.75, p = 0.39 Fisher exact Chi-square = 3.90, p = 0.08

Data from sleep diaries were assessed for sleep complaint of = 31 minutes and frequency of = 3x/w to identify parameters more closely resembling
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition and research diagnostic criteria. ISQ, Insomnia Symptom Questionnaire.

Table 6—Cross-tabulations between sleep efficiency from sleep diary (= 85%) and actigraphy (= 85%) and Insomnia Symptom
Questionnaire classification of subjects who do (insomnia) and do not meet the case definition (no insomnia).

Sleep Efficiency
Sleep Diary Actigraphy
2 85% of < 85% 2 85% of < 85%
1SQ but < 3x/w <85% & 2 3x/w Total but < 3x/w <85% & 2 3x/w Total
No insomnia 115 8 123 35 88 123
Insomnia 19 1 20 7 13 20
Total 134 9 143 42 101 143
Fisher exact Chi-square = 0.07, p = 0.80 Fisher exact Chi-square = 0.36, p = 0.60

ISQ, Insomnia Symptom Questionnaire.

Table 7—Cross-tabulations between any sleep symptom and Insomnia Symptom Questionnaire classifications of subjects who
do (insomnia) and do not meet the case definition (no insomnia).
Any Sleep Symptom and Frequency 2 3x/w

Sleep Diary Actigraphy
1SQ No Yes Total No Yes Total
No insomnia 47 76 123 4 119 123
Insomnia 6 14 20 2 18 20
Total 53 90 143 6 137 143
Fisher exact Chi-square = 0.50, p = 0.62 Fisher exact Chi-square = 1.95, p = 0.20

ISQ, Insomnia Symptom Questionnaire.
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Table 8—Evaluation of the Insomnia Symptom Questionnaire as a diagnostic screening tool.

Concurrent Confirmation Measure Sensitivity Specificity PPV NPV LR NR
PSQl (> 10) 46.2 89.2 30.0 94.3 428 0.60
SOL - diary (= 31 min) & > 3x/w 25.0 86.3 5.0 97.6 1.82 0.87
WASO - diary (= 31 min) & > 3x/w 16.2 88.6 60.0 50.0 1.4 0.95
SE - diary (< 85%) & > 3x/w 1.1 85.8 5.0 93.4 0.78 1.04
Any symptom & > 3x/w (diary) 15.5 88.6 70.0 38.2 1.37 0.95
SOL - actigraphy (= 31 min) & > 3x/w 12.6 62.5 85.0 95.9 0.34 1.40
WASO - actigraphy (= 31 min) & > 3x/w 77.2 97.5 85.0 95.9 31.2 0.23
SE - actigraphy (< 85%) & > 3x/w 12.9 83.3 65.0 28.4 0.77 1.05
Any symptom & > 3x/w (actigraphy) 13.1 66.7 9.0 3.20 0.39 1.30

LR, likelihood ratio for a positive test; NR, likelihood ratio for a negative test; NPV, negative predictive value; PPV, positive predictive value; PSQI, Pittsburgh
Sleep Quality Index; SE, sleep efficiency; SOL, sleep onset latency; WASO, wake after sleep onset.

proinflammatory profile is necessary for early pregnancy
success. In vitro experiments in which cytokines inhibit tro-
phoblast invasion, it is postulated that an exacerbated inflam-
matory response interferes with normal trophoblast invasion.’?
This would result in subsequent disruption of the remodeling
of the maternal vessels of the maternal vascular bed, an abnor-
mality present in preeclampsia, preterm birth, and pregnan-
cies with intrauterine growth restriction.** These physiological
processes are further affected by the remarkable fluctuations
in immune and endocrine markers, especially inflammatory
cytokines, progesterone, and estrogen, all of which have a sub-
stantial direct and indirect effect on sleep.”* ' We assert that
there is a need to identify pregnant women with insomnia, es-
pecially in early pregnancy, because insomnia could increase
the risk of adverse outcomes to the mother and to the develop-
ing fetus.®

The methods used to validate the ISQ (sleep diaries and/or
actigraphy) are more commonly used than PSG when diagnos-
ing insomnia, as well as when ascertaining sleep in pregnant
women.*® Actigraphy is significantly correlated with PSG on
most variables,'”"1> but PSG only captures 1 to 2 nights of
sleep which is insufficient to diagnose insomnia.'”® Sleep dia-
ries and actigraphy are commonly used to provide a detailed,
prospective account about quantitative sleep disturbances and
their variability.'* However, quantitative information alone is
insufficient to diagnose insomnia as there must be concomitant
daytime impairment.* It is also well established that subjective
and objective measures of sleep are often discrepant in patients
with insomnia,'™ which partially explains the low degree of
agreement between the quantitative values derived from diary
and actigraphy. The PSQI, however, has been validated to ad-
equately identify insomnia even though it was not designed as
a measure of insomnia.’® A benefit of the ISQ is that it incor-
porates criteria consistent with the DSM-IV and RDC criteria.

The presence of insomnia should not be viewed as an iso-
lated symptom, especially in women. In many situations, in-
somnia may be the result of another primary disorder, such
as obstructive sleep apnea, restless legs syndrome, or depres-
sion.'”® The presence of comorbid sleep disorders may have
negative consequences for outcomes.!” The identification of
one or any of these disorders may require fundamentally dif-
ferent treatment options, such as pharmacologic treatment or

behavioral intervention. A positive ISQ (indicating insomnia)
might prompt the search for other comorbid conditions.

There are several strengths to this study. We have a large
cohort of pregnant women recruited in early pregnancy who
are ethnically and socioeconomically diverse. This increases
the generalizability and utility of the ISQ. The short dura-
tion of the ISQ suggest that it could have substantial clinical
applicability. Rather than collecting data over several weeks,
identification could take place within a few minutes. The avail-
ability of 2 w of continuous sleep diary and actigraphy data af-
forded the opportunity to examine longer, more representative
periods of sleep, compared to polysomnographic sleep studies,
whose expense and participant burden limits data collection to
fewer nights.'” A strength was the use of DSM-1V*and RDC,'*
which allowed for the identification of a case-definition of in-
somnia. However, since the inception of the ISQ new recom-
mendations from DSM-5 and International Classification of
Sleep Disorders, Third Edition have been published. This is
particularly relevant to the duration of insomnia. The scoring
algorithm will have to be revised to account for these changes.

We acknowledge limitations including the absence of a
clinical diagnosis as a gold standard for further validation of
the ISQ in pregnant women. A comparison of the ISQ with
clinical interviews is needed. One such feasible comparison
would be with the Brief Insomnia Questionnaire (BIQ), which
is a 32-question fully structured interviewer-administered
questionnaire developed using all diagnostic systems.!”® Con-
sistent with information gleaned during diagnostic interviews
and from the BIQ, it might prove useful to include question(s)
regarding opportunity/circumstances for sleep as the ISQ
undergoes further refinement. This may become particularly
salient when used in a postpartum sample. Inclusion of this
item may improve its sensitivity since it is a criterion that is
specific for the diagnosis of insomnia. The ISQ does not as-
sess insomnia due to another medical or mental condition and
because comorbidity was not evaluated in this report, it is
possible that some of the women may have insomnia due to
another medical or mental condition. Again, a positive ISQ
could prompt a researcher or clinician to search for other con-
ditions. We also acknowledge that the measures used to test for
criterion and discriminant validity were insufficient because
these constructs heavily overlap. Sleep diaries, the PSQI, and
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actigraphy only measure certain symptoms of insomnia. Thus,
it is not surprising that the criterion validity was low. Like-
wise, stress and depression are predictors, as well as symp-
toms of insomnia, so we would expect discriminant validity
to be poor.”* Additional instruments that are orthogonal to the
ISQ are needed to further validate this measure in pregnant
women.

In summary, we conducted a psychometric validation of the
ISQ in a pregnancy cohort. We identified 12.6% of the sample
as meeting diagnostic criteria for insomnia. Although the vali-
dation criteria were not as convincing as we might have liked,
the data do suggest that in comparison with data collected
from sleep diaries and actigraphy, the ISQ is a cost-effective
self-report instrument with high utility for use in large obser-
vational studies as a screening instrument of insomnia.

Relevance to Clinical Practice

The incidence of insomnia varies depending on the strict-
ness of the criteria used.'” Even when the most relaxed criteria
are utilized, a strong association is detected between insomnia
and adverse health outcomes.'” Given that pregnant women
are at higher risk for experiencing insomnia,'? it is imperative
to incorporate brief but accurate methods to identify insomnia
in order to stave off additional risk for adverse pregnancy out-
comes. In line with the Healthy People 2020 initiatives empha-
sizing prenatal care*® and sleep health,*” we contend that the
ISQ would serve as ideal instrument and should be added to
the prenatal care regiment. Ferraro and colleagues™ highlight
that sleep may be a talking point for practitioners to assess and
advise on during prenatal care. Currently, the allotted time for
a new obstetrics patient, for example, is about 23 min, but in a
survey of 705 obstetrics and gynecology physicians, the time
they needed to adequately address sleep concerns, in addition
to their other clinical responsibilities, was approximately 33
min.'"" Currently, there is “no time” to talk about sleep in pre-
natal healthcare. If time were made, however, and a positive
screen was ascertained, a clinician could provide a pamphlet
on sleep and associated links for treatment options. This is al-
ready a standard practice for a variety of disorders, conditions,
or procedures.

ABBREVIATIONS

BIS, Bergen Insomnia Scale

DSM-1V, Diagnostic and Statistical Manual for Mental
Disorders, Fourth Edition

ISI, Insomnia Severity Index

ISQ, Insomnia Symptom Questionnaire

LR, likelihood ratio

NuPDQ, New Prenatal Distress Questionnaire

PNV, negative predictive value

PPV, positive predictive value

PTB, preterm birth

PSQI, Pittsburgh Sleep Quality Index

RDC, Research Diagnostic Criteria

SE, sleep efficiency

SOL, sleep onset latency

TIB, time in bed

TST, total sleep time
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WASO, wake time after sleep onset
WHIRS, Women’s Health Initiative Insomnia Rating Scale
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