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Study Objectives: To explore the distribution of the 4 cardinal nighttime symptoms of insomnia—difficulty initiating sleep (DIS), difficulty maintain-
ing sleep (DMS), early morning awakening (EMA), and nonrestorative sleep (NRS)—in a national sample of health plan members and the associa-
tions of these nighttime symptoms with sociodemographics, comorbidity, and perceived health.

Design/Setting/Participants: Cross-sectional telephone survey of 6,791 adult respondents.

Intervention: None.

Measurements/Results: Current insomnia was assessed using the Brief Insomnia Questionnaire (BIQ)—a fully structured validated scale gener-
ating diagnoses of insomnia using DSM-IV-TR, ICD-10, and RDC/ICSD-2 inclusion criteria. DMS (61.0%) and EMA (52.2%) were more prevalent
than DIS (37.7%) and NRS (25.2%) among respondents with insomnia. Sociodemographic correlates varied significantly across the 4 symptoms.
All 4 nighttime symptoms were significantly related to a wide range of comorbid physical and mental conditions. All 4 also significantly predicted
decrements in perceived health both in the total sample and among respondents with insomnia after adjusting for comorbid physical and mental
conditions. Joint associations of the 4 symptoms predicting perceived health were additive and related to daytime distress/impairment. Individual-
level associations were strongest for NRS. At the societal level, though, where both prevalence and strength of individual-level associations were
taken into consideration, DMS had the strongest associations.

Conclusions: The extent to which nighttime insomnia symptoms are stable over time requires future long-term longitudinal study. Within the con-
text of this limitation, the results suggest that core nighttime symptoms are associated with different patterns of risk and perceived health and that

symptom-based subtyping might have value.
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INTRODUCTION

Four cardinal nighttime symptoms anchor the diagnosis of
insomnia in all standard sleep disorder nosologies,' including:
the American Psychiatric Association’s Diagnostic and Statisti-
cal Manual of Mental Disorders, Fourth Edition, Text Revision
(DSM-IV-TR)?; the American Academy of Sleep Medicine’s
Research Diagnostic Criteria (RDC) and International Classi-
fication of Sleep Disorders-2 (ICSD-2);* and the World Health
Organization’s International Classification of Diseases-10
(ICD-10).* These four symptoms are difficulty initiating sleep
(DIS), difficulty maintaining sleep (DMS), early morning
awakening (EMA), and nonrestorative sleep (NRS).

Despite their central role in classification, it remains un-
clear whether these four nighttime symptoms identify stable or
meaningful insomnia subtypes. There is at least some indica-
tion in the literature that nighttime symptoms are fairly stable
over time in community samples™® and have differential asso-
ciations with daytime distress and impairment.” However, these
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results are based for the most part on small samples with limited
generalizability®>*° or on larger epidemiologic samples using
inconsistent diagnostic criteria with limited comparability,'*'?
thus making it difficult to draw firm conclusions about the im-
plications of these results for insomnia subtyping.

The current report presents new data relevant to this issue
based on analysis of a recently completed national survey of
health plan subscribers. We examine the prevalence, co-occur-
rence, and differential associations of the four cardinal nighttime
symptoms of insomnia with other physical and mental condi-
tions, and perceived health. We also examine the extent to which
these associations are mediated by daytime distress and impair-
ment. These data expand the range of outcomes considered in
previous studies of the relative importance of the four nighttime
symptoms of insomnia. In addition, the analysis is based on a
much larger and more representative sample than previous stud-
ies of differential associations of these symptoms. A unique as-
pect of the study is the use of simulation to calculate the relative
importance of each nighttime insomnia symptom to population-
level decrements in perceived health, providing a novel perspec-
tive on the public health significance of the symptoms.

METHODS

Sample
The data reported here are from the America Insomnia Sur-
vey (AIS), a national survey carried out between October 2008
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and July 2009 in a stratified probability sample of 10,094 adult
(ages 18 and older) members of a large (over 34 million mem-
bers) national US commercial health plan."*'* The sample was
not restricted to plan members with a diagnosis of insomnia, as
important purposes of the survey were to estimate the total prev-
alence of insomnia and the proportion of people with insomnia
who were diagnosed and treated. However, the sample was re-
stricted to fully insured members enrolled for > 12 months to al-
low medical and pharmacy claims data to be used in substantive
analyses, although sample selection was made independent of
number of healthcare visits. Sample eligibility was also limited
to members who provided the plan with a telephone number,
spoke English, and had no impairment that limited their ability
to be interviewed by telephone. The sample was selected with
stratification to match the US Census population distribution on
the cross-classification of age (18-34, 35-49, 50-64, 65-74, and
75+), sex, urbanicity (Census Standard Metropolitan Statistical
Areas [SMSA], non-SMSA urbanized areas, and rural areas),
and Census Region (Northeast, South, Midwest, and West).

AIS respondent recruitment began with an advance letter that
explained that the survey was designed “to better understand how
health and health problems affect the daily lives of people,” that
respondents were randomly selected, that participation was vol-
untary and would not affect health care benefits, that responses
were completely confidential, and that a $20 incentive was offered
for participation. A toll-free number was included in the letter for
respondents who wanted to ask questions or decline participa-
tion. Following contact, verbal informed consent was obtained
before beginning interviews. The Human Subjects Committee
of the New England Institutional Review Board approved these
recruitment and consent procedures. The cooperation rate (the
rate of survey completion among target respondents with known
working telephone numbers, including respondents who were
never reached) was 65.0%. The 10,094 interviews were weighted
for residual discrepancies between the joint distribution in the
sample and the US Census population on the cross-classification
of the sociodemographic and geographic selection criteria.

In addition to assessing insomnia, the AIS included a wide
variety of questions about the correlates of insomnia. In order
to reduce respondent burden, many of the questions about cor-
relates were administered only to a probability subsample of
the entire AIS sample. One set of these questions concerned
physical and mental conditions found in previous research to
be highly comorbid with insomnia. Self-report questions about
these conditions were administered to all AIS respondents who
reported sleeping problems (including those classified as hav-
ing subthreshold or mild insomnia) plus a random 50% of other
respondents. The respondents in this comorbidity subsample
who did not report sleep problems were assigned a weight of
2.0 (multiplied by the weight described in the previous para-
graph) to adjust for the fact that they represented only half of
all those without sleeping problems. The 6,791 respondents in
this comorbidity subsample are the focus of the current report.

Measures

Insomnia
Insomnia in the 30 days before interview was assessed with
a self-report instrument developed specifically for the AIS, the
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Brief Insomnia Questionnaire (BIQ). As noted above, the BIQ
was designed to operationalize inclusion criteria of DSM-IV-
TR, ICD-10, the RDC, and ICSD-2 for a diagnosis of general
insomnia (referred to hereafter as broadly defined insomnia or
insomnia). (The full text of the BIQ and coding rules for di-
agnoses are available at www.hcp.med.harvard.edu/wmb/affili-
ated_studies.php. The instrument is in the public domain and
can be used by other investigators without restriction.)

The cases considered here meet full inclusion criteria in
at least one of these systems. Included here were DSM-IV-
TR inclusion Criteria A (predominant complaint of difficulty
initiating or maintaining sleep or nonrestorative sleep for > 1
month) and B (the sleep disturbance or associated daytime fa-
tigue causes clinically significant distress or impairment) for
a diagnosis of Primary Insomnia, ICD-10 inclusion Criteria A
(complaint of difficulty falling asleep or maintaining sleep or
poor quality sleep), B (= 3 times per week for > 1 month), C
(preoccupation with sleeplessness and excessive concern over
consequences), and D (marked distress or interference with ac-
tivities of daily living) for a diagnosis of Non-organic Insom-
nia, and RDC/ICSD-2 inclusion Criteria A (difficulty initiating
or maintaining sleep or waking up too early or chronically
nonrestorative sleep), B (difficulty occurs despite adequate op-
portunity and circumstances for sleep), and C (daytime impair-
ment related to the nighttime sleep difficulty) for a diagnosis of
Insomnia Disorder. It should be recalled that RDC and ICSD-2
general criteria for insomnia were developed to be identical,
excepting that the former are intended for research applications
and the latter for clinical use,'s which is why we refer to these
as defining RDC/ICSD-2 insomnia.

The BIQ question series began by asking respondents how
many nights out of 7 in a typical week they have problems fall-
ing asleep, how many nights they have problems staying asleep
throughout the night, how many mornings out of 7 they typi-
cally wake up before they want to, and how many mornings
they wake up still feeling tired or unrested. Positive responses
were followed with questions about how long it usually takes to
fall asleep on nights with a problem falling asleep, how much
time they usually spend awake at night on nights they have
trouble sleeping, how many times per night they usually wake
up during those nights, how long it usually takes them to get
back to sleep once they wake up at night, and how much earlier
than they wished do they awaken in the morning when they
awaken early. Respondents who reported nonrestorative sleep
were asked to rate the severity of their problem waking up feel-
ing tired or unrested using the response options mild, moderate,
severe, and very severe.

Respondents with sleep problems were then asked how many
weeks, months, or years these problems had been going on in
order to operationalize the one-month duration requirement in
DSM-IV-TR and ICD-10. They were also asked 2 questions
about adequate opportunity to sleep prefaced with the preamble
“(t)he next questions are about how much your sleep problems
are caused by the place you sleep being too light, too noisy, too
hot or cold, or uncomfortable.” The first question was: “How
much do you think your sleep problems are caused by prob-
lems with the place you sleep—would you say not at all, a little,
some, a lot, or totally?” The second question was: “Some peo-
ple have sleep problems because they either have to get up very
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early, stay up late, or get up in the night because of their job or
because of having a baby or a sick person who needs their help.
How much do you think your sleep problems are caused by
these kinds of demands on your time—would you say not at all,
a little, some, a lot, or totally?”

Respondents with sleep problems were then asked 16 ques-
tions about daytime distress and impairment. The first 8 of these
questions asked how much difficulty respondents had because
of their sleep problems over the past 30 days in each of the fol-
lowing areas: reduced motivation; performance at work, school,
or social activities; making errors or having accidents; irritabil-
ity, nerves, or mood disturbance; daytime attention, concentra-
tion, or memory problems; daytime fatigue; daytime sleepiness;
and tension headaches or digestive problems. The response op-
tions were none, mild, moderate, or severe difficulty. The next
4 distress-impairment questions were a modified version of the
Sheehan Disability Scales (SDS)'¢ that asked respondents to
rate the extent to which their sleep problems interfered with
their daily activities during the past 4 weeks using a 0-to-10
scale, where 0 means no interference and 10 means very se-
vere interference. The 4 areas of role functioning were: “your
home management, like cleaning, shopping, and taking care of
your home; your ability to work; your social life; and your close
personal relationships.” Respondents were reminded of the an-
chors before answering each question and were also instructed
that they could use any number between 0 and 10 to answer.

The next 2 distress-impairment questions asked about days
out of role due to sleep problems: “About how many days out
of 30 in the past month were you totally unable to work or carry
out your other usual daily activities because of problems with
your sleep? About how many days out of 365 in the past year
were you totally unable to work or carry out your other usual
daily activities because of problems with your sleep?” The final
2 distress-impairment questions asked respondents how much
concern or worry they had about their sleep (response options:
none, mild, moderate, and severe) and how worried or dis-
tressed they were about their sleep problems (response options:
not at all, a little, some, much, and very much).

Factor analysis of responses to the distress/impairment ques-
tions revealed a strong unidimensional structure, with eigen-
values of 9.1 and 0.9 for the first 2 unrotated principal factors
and factor loadings in the range 0.72-0.88. (Detailed results of
the factor analysis are available on request.) Based on this re-
sult, a factor-based scale of daytime distress/impairment due to
nighttime sleep problems was created and used as a mediator in
analyses described below of the associations between nighttime
insomnia symptoms and perceived health.

The coding scheme used to combine BIQ question responses
to generate diagnoses defined DSM-IV-TR Criterion A, ICD-10
Criteria A and B, and RDC/ICSD-2 Criterion A as requiring >
30 days of either problems initiating sleep > 3 nights a week
with an average of > 30 min to fall asleep at night, problems
staying asleep > 3 nights a week with an average of 30 min of
being awake, waking > 3 times a night > 3 nights a week, wak-
ing too early > 3 nights a week with an average of > 30 min too
early, or nonrestorative sleep with at least moderate severity
> 3 nights a week. RDC/ICSD-2 Criterion B was defined as
requiring the respondent to not report that their sleep problems
were caused a lot or totally by problems with the place they
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sleep and that the problems were not caused a lot or totally by
demands on their time that required them to sleep irregularly.
DSM-IV-TR Criterion B, ICD-10 Criterion D, and RDC/ICSD-
2 Criterion B were defined as requiring endorsement of > 2 (one
in the case of RDC/ICSD-2) of the distress-impairment ques-
tions with responses of at least moderate severity to the first
8 questions, 7-10 to the SDS items, and either at least moder-
ate concern-worry about sleep or much or very much worry-
distress about sleep. The latter 2 items were also used to define
ICD-10 Criterion C. Psychometric analyses documented good
short-term test-retest reliability and good individual-level con-
cordance of these BIQ inclusion criteria diagnoses with diag-
noses based on blinded clinical reappraisal interviews carried
out by sleep medicine experts, with an area under the receiver
operating characteristic curve (AUC, a measure of classifica-
tion accuracy insensitive to disorder prevalence) of 0.86."

Our decision not to operationalize diagnostic hierarchy or or-
ganic exclusion rules in the BIQ was consistent with a revision
under consideration for DSM-5 to eliminate the current DSM-
IV distinction between primary insomnia and sleep disorders
due to another mental disorder or a general medical condition in
favor of a unitary diagnosis of insomnia disorder with concur-
rent specification of clinically comorbid conditions.!” However,
as detailed below, we controlled for a wide variety of comorbid
conditions to adjust for confounding between primary and co-
morbid insomnia. This approach is consistent with the recom-
mendations of the 2005 NIH State of the Science position on
the classification of insomnia disorders'® and the 2006 Recom-
mendations for Research Assessment of Insomnia."

Other physical and mental conditions

Medical and pharmacy claims data and self-reports were used
to assess the presence in the 12 months before interview of 21
conditions documented in the literature to be significantly as-
sociated with elevated rates of insomnia.?® These 21 conditions
include cardio-metabolic disorders (congestive heart failure, di-
abetes, heart disease, hypertension), musculoskeletal disorders
(chronic back or neck pain, osteoarthritis, rheumatoid arthritis),
respiratory disorders (asthma, chronic obstructive pulmonary
disease, seasonal allergies), digestive disorders (gastroesopha-
geal reflux disease, ulcer), other sleep disorders (sleep apnea,
restless leg syndrome), neuropathic pain, emotional disorders
(major depression, generalized anxiety disorders, and a sum-
mary measure of any other emotional disorder), obesity, and
climacteric symptoms common to perimenopausal women.

Diagnoses obtained from claims data were based on ICD-9
codes in medical claims and inferred from pharmacy claims. In
light of the fact that that a number of conditions pertinent to in-
somnia are known to be undertreated (e.g., depression), the AIS
interview also obtained self-report data about symptom-based
conditions, irrespective of whether the conditions were treated.
These self-reported diagnoses were obtained in 2 ways. First,
respondents completed a chronic conditions checklist based on
the list used in the US National Health Interview Survey?'?
(http://www.hcp.med.harvard.edu/ncs/replication.php). Check-
lists of this sort have been widely used in prior population-
based studies and have been shown to yield more complete and
accurate reports than estimates derived from responses to open-
ended questions.”® Methodological studies in both the US and
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UK have documented good concordance between such condi-
tion reports and medical records.?*** Second, symptom-based
conditions were detected using a series of validated disorder-
specific self-report scales (e.g., the Berlin Sleep Apnea scale,
the Restless Leg Syndrome Questionnaire, the Quick Inventory
of Depressive Symptoms, and the Generalized Anxiety Disor-
der 7-item scale*”’). Conditions were defined as present if they
either appeared in claims data or were self-reported.

Perceived health

The short-form 12 (SF-12) was used to assess perceived
health in the 4 weeks before interview. The SF-12 is a 12-item
subset of questions abstracted from the longer and more wide-
ly-used SF-36* and selected to maximize associations with the
2 summary SF-36 scores of Physical Component Summary
(PCS) and Mental Component Summary (MCS).*' Like the lon-
ger SF-36 versions of these summary scales, the SF-12 PCS and
MCS scales range from 0 (worst health) to 100 (best health).
Cross-national psychometric analyses have documented very
high correlations between SF-12 and SF-36 summary scores.*
The AIS interview also included a preference-based health util-
ity index developed from the SF-12 to summarize information
about physical and mental health status. This summary mea-
sure, known as the SF-6D,* is typically scaled in the range 0.0-
1.0 in health utility studies, but was re-scaled for the current
analysis to match the 0 (worst perceived health) to 100 (perfect
perceived health) ranges of the PCS and MCS scales.

Sociodemographics

The AIS assessed a number of sociodemographic variables
that have been examined in previous studies of risk factors for
insomnia.** These include respondent age, sex, race/ethnicity,
education, marital status, employment status, and work sched-
ule. However, as a previous report found that insomnia in the
AIS is unrelated to race/ethnicity and marital status,' results
are reported here only for the remaining 5 sociodemographics.

Analysis Methods

An individual respondent was counted as having > 1 of the
4 nighttime insomnia symptoms only if he or she met the >
3/nights a week and 30-min/night criteria mentioned above.
The prevalence of DIS, DMS, EMA, and NRS as well as of the
various combinations of these symptoms were examined with
simple cross-tabulations in the total sample, in the subsample
of respondents with any of the 4 symptoms reaching diagnostic
thresholds, and in the even smaller subsample of respondents
who met inclusion criteria for a diagnosis of broadly defined
general insomnia. A series of multiple logistic regression equa-
tions was then estimated to examine whether the sociodemo-
graphic variables differed in their associations with each of the
4 nighttime insomnia symptoms. A separate series of multiple
linear regression equations was then estimated with the night-
time symptoms among respondents, with insomnia used to pre-
dict the 3 summary SF-12 perceived health scores, controlling
for sociodemographics and other potentially comorbid condi-
tions. Comparisons across equations with Wald x> tests were
used to determine whether the joint associations of the 4 symp-
toms were additive or interactive (that is, whether there were
interactions among the symptoms in predicting the outcomes).
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Unstandardized regression coefficients in these regression
analyses were compared in the best-fitting equations to examine
differences across the symptoms at the individual level. (An un-
standardized regression coefficient is one in which the variables
are scored in their natural metrics; in this case, leading to the
interpretation of a regression coefficient of X.Y as meaning that
presence vs. absence of the dichotomous predictor symptom is
associated with a difference of X.Y points on the 0-100 outcome
scale score.) Standardized regression coefficients were com-
pared to examine the relative importance of the symptoms at
the aggregate level (i.e., taking into consideration prevalence as
well as unstandardized regression coefficients). (A standardized
regression coefficient is one in which the predictors are stan-
dardized to have a variance of 1.0, leading to the interpretation
of a regression coefficient of 0.X as meaning that a one standard
deviation difference in probability of having the predictor symp-
tom is associated with an X% difference in the outcome score.)
Daytime distress/impairment was then controlled using the
summary scale constructed from the BIQ questions in an effort
to determine the extent to which the associations of nighttime
insomnia symptoms with perceived health were mediated by
daytime distress/impairment. Statistical significance in all these
equations was consistently evaluated using 0.05-level 2-sided
tests. As the AIS data are weighted, the design-based Taylor se-
ries linearization method* implemented in the SAS 9.1 software
system* was used to estimate standard errors of all regression
coefficients and to calculate Wald y? tests.

Finally, to provide a different perspective on the relative
importance of the nighttime insomnia symptoms, the relative
population attributable risk proportion (PARP) of each symp-
tom was computed. Put simply, PARP can be thought of as the
proportion of the observed decrement in perceived health that is
due to one or more predictors, where the term due fo is used in a
statistical sense to refer to prediction rather than a causal sense.
Using a more rigorous definition, PARP is the proportion of
the overall population-level decrement in perceived health that
would not have occurred under a given regression model in the
absence of one or more predictors if the coefficients associated
with the predictors in that model were due to causal effects of
the predictors.’” PARP was calculated using simulation meth-
ods to generate individual-level predicted values of the SF-12
scores from the coefficients in the best-fitting linear regression
models. Six sets of predicted values were computed. In the first
set, the estimates were made using all the coefficients in the
linear regression equation. In the next four sets, we assumed
that the coefficient associated with one and only one of the 4
nighttime insomnia symptoms was zero (i.e., that this particular
symptom was eradicated). In the last set, we assumed that the
coefficients associated with all 4 nighttime insomnia symptoms
were zero. The mean individual-level difference in predicted
scores on the outcome between the first and last of these 6 sets
of calculations was defined as the total predicted effect of in-
somnia (i.e., the extent to which outcome scores would change
in the absence of insomnia). The ratios of the mean individual-
level differences in predicted scores between the first and each
of the second through fifth sets were then compared to the dif-
ference between the first and sixth in the total sample to define
PARP. As the symptoms are all positively interrelated, the sum
of these proportions is less than 100% for each outcome.
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Table 1—Prevalence of insomnia symptoms and multivariate symptom profiles
Conditional prevalence of the symptom profile among...
Respondents with any Respondents with Conditional prevalence of insomnia
All respondents symptom insomnia given the symptom profile
% (SE) % (SE) % (SE) % (SE) (n)
l. Overall
DIS! 12.5 (0.4) 29.4 (0.8) 37.7 (1.1 715 (1.6) (1026)
DMS! 235 (0.5) 55.2 (0.9) 61.0 (1.2) 61.6 (1.2) (1869)
EMA' 23.7 (0.5) 55.7 (0.9) 52.2 (1.2) 52.3 (1.3) (1754)
NRS' 6.6 0.2) 15.6 (0.6) 252 (0.9) 90.1 (1.1) (667)
Any symptoms 426 (0.6) 100.0 - 100.0 - 55.8 (0.9) (3250)
Il. Number of Symptoms
Exactly one 254 (0.6) 59.6 (0.9 474 (1.2) 44.4 (1.2) (1802)
Exactly two 11.6 (0.4) 274 (0.8) 33.2 (1.1 67.8 (1.7) (938)
Exactly three 45 0.2) 10.5 (0.5) 15.1 (0.8) 80.1 (2.4) (402)
All four 11 0.1 25 0.2) 4.2 (0.4) 93.3 (2.4) (108)
lll. One Symptom
DIS-only 2.9 0.2) 6.8 (0.5) 6.8 (0.6) 56.3 (3.7) (206)
DMS-only 8.9 (0.4) 20.9 (0.8) 171 (0.9) 45.6 (2.1) (649)
EMA-only 1.9 (0.4) 28.0 (0.9 17.7 (1.0) 35.2 (1.8) (782)
NRS-only 1.7 0.1 39 (0.3) 5.9 (0.5) 83.9 (2.8) (165)
IV. Two Symptoms
DIS-DMS 2.9 0.2) 6.8 (0.5) 8.1 (0.6) 67.3 (3.5) (221)
DIS-EMA 1.2 0.1 2.8 (0.3) 3.0 (0.4) 61.6 (5.7) (87)
DIS-NRS 0.8 0.1 1.8 0.2) 3.0 (0.4) 96.2 (2.2) (74)
DMS-EMA 5.5 (0.3) 12.9 (0.6) 14.0 (0.8) 60.5 (2.6) (421)
DMS-NRS 0.8 (0.1 2.0 0.2) 3.1 (0.4) 87.6 (3.5) (86)
EMA-NRS 0.5 0.1 1.2 0.2) 1.9 (0.3) 90.1 4.2) (49)
V. Three Symptoms
DIS-DMS-EMA 2.7 0.2) 6.2 (0.4) 8.0 (0.6) 716 (3.5) (217)
DIS-DMS-NRS 0.9 (0.1 2.2 0.2) 3.7 (0.4) 94.0 (2.4) (95)
DIS-EMA-NRS 0.2 (0.0) 0.4 0.1) 0.7 0.2) 94.6 (5.3) (18)
DMS-EMA- NRS 0.7 0.1) 1.6 0.2) 2.6 (0.3) 90.6 (3.4) (72)
V1. Four Symptoms
DIS-DMS-EMAS-NRS 11 (0.1 25 0.2) 4.2 (0.4) 93.3 (2.4) (108)
(n) (6,791) (3,250) (2,030)
'DIS, difficulty initiating sleep 3+ nights per week with 30+ minutes needed to fall asleep for 30+days; DMS, difficulty maintaining sleep 3+ nights per week
(either 3+ awakenings per night or 30+ minutes awake) for 30+ days; EMA, early morning awakening 3+ nights per week with awakening 30+ minutes earlier
than desired for 30+ days; NRS, nonrestorative Sleep 3+ mornings per week for 30+ days.

RESULTS

Prevalence of Nighttime Insomnia Symptoms and Symptom
Profiles

The most common nighttime insomnia symptoms in the
total sample (i.e., whether or not the respondent met criteria
for a diagnosis of general insomnia) were EMA (23.7%) and
DMS (23.5%), with DIS considerably less common (12.5%),
and NRS least common (6.6%) (Table 1). At least one of these
symptoms was reported by 42.6% of respondents, with 59.6%
of those having symptoms reporting exactly one, 27.4% two,
10.5% three, and 2.5% all four. Over 60% of all people with any
of these 4 symptoms had 1 of 3 symptom profiles: EMA-only
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(28.0%), DMS-only (20.9%), and DMS-EMA (12.9%). No oth-
er symptom profile included as many as 10% of all people with
symptoms. Tetrachoric correlations between pairs of symptoms
were all statistically significant and positive, with a range be-
tween 0.20 (EMA-NRS) and 0.58 (DIS-DMS).

We previously reported that the estimated prevalence (stan-
dard error) of insomnia in the AIS in the 30 days before in-
terview was 23.6% (0.4), bearing in mind that we included in
this definition diagnoses based on either DSM-IV (22.1%),
ICD-10 (3.9%), or RDC/ICSD-2 (14.7%) inclusion criteria.'*
Prevalence of the nighttime symptoms were, of course, higher
among respondents who meet criteria for a diagnosis of insom-
nia than in the total sample, with DMS being most common
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Table 2—Associations of overlapping insomnia subsamples defined by nighttime symptoms' with other physical and mental conditions (n = 6,791)
Insomnia with DIS? Insomnia with DMS? Insomnia with EMA?
% %* OR  (95% Cl) % %' OR (95%Cl) % %* OR (95% Cl)
l. Cardio-metabolic
Congestive heart failure 19 10 19* (1.0-34) 14 10 13 (0.8-22) 15 10 15 (0.8-2.6)
Diabetes 131 102 1.3* (1.1-1.7) 132 100 14 (1.1-17) 14 103 11  (0.9-14)
High blood pressure 323 295 11 (1.0-13) 364 286 14* (1.3-16) 331 292 12 (1.0-14)
Il. Musculoskeletal
Frequent back or neck pains 573 346 25 (22-30) 559 334 25 (22-29) 540 342 23* (2.0-26)
Arthritis (rheumatoid or osteoarthritis) ~ 31.7 23.7 15 (1.3-1.8) 356 225 19° (1.7-22) 329 232 16* (14-19)
lll. Respiratory
Chronic bronchitis or emphysema 149 70 23 (1.9-29) "5 70 1.7 (14-21) 1M1 72 16* (1.3-20)
COPD? 50 33 1.6 (1.1-22) 54 31 18 (1.3-24) 53 32 177 (1.2-23)
Seasonal allergies 473 381 15° (1.2-17) 446 380 13* (1.2-15) 439 383 1.3* (1.1-15)
IV. Digestive
Chronic heartburn or GERD® 309 153 25 (21-29) 299 144 25 (22-29) 268 152 20* (1.7-24)
Frequent diarrhea, constipation, orgas  33.6 143 3.0 (25-36) 297 138 27" (23-31) 269 145 22* (1.8-25)
V. Sleep
Sleep apnea 158 84 20* (1.6-25) 169 78 24 (2.0-29) 166 80 23° (1.9-238)
Restless leg syndrome 1.8 33 39 (3.0-5.0) 101 31 35° (2845 82 35 24 (19-32)
V1. Emotional
Depression 254 59 54 (4566) 204 55 44 (3.7-53) 177 62 32* (27-3.9)
Generalized anxiety disorder 223 40 6.8 (55-8.3) 175 37 56* (4.6-6.8) 151 44 39" (3.2-4.8)
Any other emotional disorder 99 34 31% (2440 74 34 23 (18-29) 75 35 220 (1.7-29)
VII. Other
Migraine headaches 354 153 30" (26-36) 274 153 21* (1.8-24) 295 1563 23* (2.0-27)
Other frequent or severe headaches 370 143 35 (3.04.2) 309 139 28 (24-32) 309 143 27 (2.3-31)
Urinary or bladder problems 169 91 20° (1.7-25) 171 85 22¢ (1.9-26) 150 9.0 1.8 (15-22)
Other chronic pain’ 526 321 23 (20-27) 528 308 25° (22-29) 491 318 2.1* (1.8-24)
Obesity 276 228 1.3 (1115 273 225 13 (11-15 246 230 1.1 (0.9-13)
Climacteric symptoms 1.7 18 10 (0.6-1.7) 23 17 14  (0.9-2.1) 20 17 12 (0.8-1.9)
*Significant comorbidity between insomnia and the other condition at the 0.05 level, 2-sided test. "The overlapping subsamples represent respondents with
insomnia who have the symptom in the column regardless of whether they also have any of the other 3 symptoms. 2See fn 1 in Table 1 for definitions.
*Prevalence estimates of the other conditions among respondents with the type of insomnia indicated in the column heading. “Prevalence estimates of the
other conditions among all other respondents (including not only those who do not have insomnia but also those with types of insomnia other than the type
represented in the column). *Chronic obstructive pulmonary disease. Gastroesophageal reflux disease. "Pain of any sort not included in the above disorders,
such as muscle or joint pain. ) )
Table 2 continues on the following page

(present in 61.0% of all respondents with insomnia), followed
by EMA (52.2%), DIS (37.7%), and NRS (25.2%). Nearly half
of all respondents with insomnia (47.4%) had only one night-
time symptom, 33.2% two, 15.1% three, and 4.2% all four.
As in the total sample, the most common symptom profiles
among respondents with insomnia were EMA-only (17.7%),
DMS-only (17.1%), and DMS-EMA (14.0%). No other profile
included as many as 10% of all cases. Probability of meet-
ing diagnostic criteria for insomnia among respondents with
one or more symptoms was highest for respondents with NRS
(90.1%), lowest for those with EMA (52.3%), and intermedi-
ate for DMS (61.6%) and DIS (71.5%). Not surprisingly, the
more nighttime symptoms a person reported, the higher their
probability of meeting diagnostic inclusion criteria: 44.4% for
people with exactly one symptom, 67.8% for two, 80.1% for
three, and 93.3% for all four.
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Comorbidities of Insomnia with Other Physical and Mental
Conditions

We divided respondents with insomnia into overlapping sub-
samples that had each of the 4 nighttime symptoms, regardless
of other reported symptoms (e.g., one subsample for insomnia
with DIS whether or not respondents also had any of the other
3 nighttime symptoms). We then examined prevalence of each
other condition with and without insomnia in each of these 4
overlapping subsamples. The most highly prevalent of the 21
conditions among respondents with insomnia were consistent
across subsamples: chronic back/neck pain (52.8% to 60.1%),
other chronic pain (48.7% to 56.4%), and seasonal allergies
(43.9% to 49.6%) (Table 2). The least common were also con-
sistent across subsamples: congestive heart failure (1.4% to
2.1%), climacteric symptoms (1.7% to 2.3%), and chronic ob-
structive pulmonary disease (4.4% to 5.4%).
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Table 2 (continued)—Associations of overlapping insomnia subsamples defined by nighttime symptoms’ with other physical and mental conditions (n =6,791)
Insomnia with NRS? Any insomnia
% %* OR  (95% Cl) % %* OR  (95%Cl)
l. Cardio-metabolic
Congestive heart failure 21 10 20 (1.1-3.6) 14 10 14 (09-22)
Diabetes 10.0 105 1.0 (0.7-1.3) 15 101 12 (1.0-14)
High blood pressure 312 296 11 (09-13) 326 288 12 (1.1-1.3)
Il. Musculoskeletal
Frequent back or neck pains 60.1 351 28" (23-33) 528 316 24" (2.2-27)
Arthritis (rheumatoid or osteoarthritis) 334 238 1.6* (1.3-1.9) 314 222 1.6* (14-1.8)
lll. Respiratory
Chronic bronchitis or emphysema 157 72 24 (1.9-3.1) 1.8 64 20 (1.6-24)
COPD? 48 33 15 (1.0-22) 44 31 14 (1.1-19)
Seasonal allergies 496 383 1.6° (1.3-19) 447 372 14 (1.2-15)
IV. Digestive
Chronic heartburn or GERD® 298 158 23* (1.9-27) 275 133 25 (2.2-2.8)
Frequent diarrhea, constipation, or gas 334 150 29* (24-34) 285 122 29° (25-33)
V. Sleep
Sleep apnea 198 84 27 (22-33) 156 70 24 (2.1-29)
Restless leg syndrome 116 36 35 (2747 87 26 35 (2845
V1. Emotional
Depression 269 64 53 (43-6.6) 180 45 47 (3.9-5.6)
Generalized anxiety disorder 210 47 54 (43-6.8) 157 26 7.1* (5.7-8.7)
Any other emotional disorder 122 35 3.8 (29-5.1) 75 29 27 (21-34)
VII. Other
Migraine headaches 319 161 24* (2.0-29 278 138 24* (21-28)
Other frequent or severe headaches 354 152 31* (26-3.7) 302 120 3.2¢ (28-3.6)
Urinary or bladder problems 186 92 23* (1.8-29) 152 81 20° (1.7-24)
Other chronic pain’ 56.4 325 277 (23-32) 487 294 23" (2.0-2.6)
Obesity 254 231 11 (09-14) 254 225 12 (1.0-13)
Climacteric symptoms 22 17 13 (0.7-23) 20 17 12 (0.8-1.8)
*Significant comorbidity between insomnia and the other condition at the 0.05 level, 2-sided test. 'The overlapping subsamples represent respondents with
insomnia who have the symptom in the column regardless of whether they also have any of the other 3 symptoms. 2See fn 1 in Table 1 for definitions.
*Prevalence estimates of the other conditions among respondents with the type of insomnia indicated in the column heading. “Prevalence estimates of the
other conditions among all other respondents (including not only those who do not have insomnia but also those with types of insomnia other than the type
represented in the column). *Chronic obstructive pulmonary disease. Gastroesophageal reflux disease. "Pain of any sort not included in the above disorders,
such as muscle or joint pain.

Inspection of bivariate associations of insomnia with the
21 conditions shows that virtually all (95% to 100%) odds
ratios (ORs) were positive and that the vast majority (85% to
90%) of ORs were statistically significant at the 0.05 level.
Median values of the ORs are in the range 2.1-2.4 and in-
terquartile ranges ([IQR]; 25th-75th percentiles) of ORs were
in the range 1.3-3.0. ORs were fairly comparable in magni-
tude across the 4 nighttime insomnia symptoms, with median
(IQR) values of 2.3 (1.5-3.0) for insomnia with DIS, 2.2 (1.4-
2.5) for insomnia with DMS, 2.1 (1.6-2.9) for insomnia with
EMA, and 2.4 (1.6-2.9) for insomnia with NRS. Four condi-
tions have consistently high ORs (2.4-6.8) across subsamples
(chronic headaches, restless leg syndrome, generalized anxi-
ety disorder, depression), and 4 have consistently weak ORs
(1.0-1.4) across subsamples (diabetes, hypertension, obesity,
and climacteric symptoms).
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Bivariate Associations of Insomnia with Perceived Health

SF-12 summary scale scores of perceived health had
means of 53.2 (MCS), 51.7 PCS, and 83.7 (total) in the total
sample (Table 3). These scores were all significantly lower
among respondents with than without insomnia: 48.9 vs.
54.5 (¢, = 555.2, P < 0.001) for MCS, 48.9 vs. 52.6 (3*, =
224.8, P <0.001) for PCS, and 76.5 vs. 86.0 (y*, = 807.1, P <
0.001) for SF-6D. Furthermore, scores on all 3 SF-12 scales
were consistently lower among respondents in each of the 15
subgroups of insomnia defined by the cross-classification of
the 4 nighttime symptoms than among respondents without
insomnia. Among respondents with insomnia, scores on all
3 scales varied significantly across the 15 symptom profiles
(¢, = 95.5-214.6, P < 0.001). This variation was due largely
to significant decreases in scale scores with increasing num-
ber of nighttime symptoms (x>, = 51.0-152.9, P < 0.001 not
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Table 3—Mean and interquartile range (IQR) SF-12 summary perceived health scores among respondents with and without insomnia as a function of
nighttime symptom profile (n = 6,791)
MCS' PCS' SF-6D'
Mean (IQR) Mean (IQR) Mean (IQR)
I. Total sample and overall subsamples with and without insomnia
Total sample 532  (49.8-57.7) 51.7  (48.9-57.3) 83.7  (78.1-92.2)
No insomnia 545  (51.7-58.2) 52.6  (50.0-57.5) 86.0  (81.5-92.2)
Any insomnia 48.9*  (43.4-55.7) 48.9*  (43.5-56.9) 76.5*  (65.9-86.2)
X 555.2** 224.8* 807.1*
II. Insomnia with particular nighttime symptoms?
DIS? 47.0*  (39.9-54.4) 47.8*  (41.9-56.5) 73.6*  (64.2-85.9)
DMS? 48.7*  (42.8-55.8) 47.7*  (41.2-56.3) 75.1*  (65.6-86.1)
EMA3 49.4*  (44.0-55.9) 48.6*  (43.0-56.8) 76.7*  (65.9-86.2)
NRS® 46.2*  (39.4-53.6) 46.2°  (39.2-56.1) 71.4*  (61.8-82.3)
lll. Number of nighttime symptoms among respondents with Insomnia
Exactly 1 50.2*  (45.7-56.3) 50.7*  (46.4-57.2) 79.4*  (72.0-89.8)
Exactly 2 48.4*  (42.8-55.5) 4918  (43.6-56.9) 76.0  (65.8-86.1)
Exactly 3 46.8*  (39.3-54.0) 451 (38.1-54.5) 70.9* (61.5-81.2)
All 4 454*  (37.4-53.3) 416* (28.8-54.5) 67.0  (57.4-78.4)
X 51.0 89.1* 152.9**
IV. Insomnia multivariate nighttime symptom profiles*
DIS-only 48.2*  (40.9-55.0) 51.3°  (48.9-57.2 78.3*  71.2-88.1
DMS-only 50.6* (45.4-57.0) 49.8"  (44.4-56.9) 78.6*  (69.7-86.3)
EMA-only 51.4*  (48.1-56.9) 518  (48.3-57.2) 81.8* (73.8-90.4)
NRS-only 47.7*  (42.2-54.1) 494  (44.8-57.1) 75.6*  (65.8-86.0)
X 18.2** 14.8* 29.5*
DIS-DMS 48.1*  (42.1-55.4) 49.7*  (46.0-57.2) 76.6*  (65.6-86.3)
DIS-EMA 483"  (41.8-55.1) 52.2  (49.9-57.4) 77.7*  (65.9-87.5)
DIS-NRS 442*  (36.2-52.5) 48.6*  (43.7-56.2) 71.7*  (60.8-84.2)
DMS-EMA 50.1*  (45.7-57.0) 48.5¢  (42.7-57.2) 77.2*  (67.3-86.1)
DMS-NRS 472*  (41.4-53.6) 46.7*  (39.3-54.3) 72.0*  (61.8-79.9)
EMA-NRS 46.5*  (39.6-55.5) 497  (42.7-58.3) 74.6*  (64.7-86.2)
X 16.3** 10.3 22.8**
DIS-DMS-EMA 47.5*  (40.1-54.5) 46.0¢  (38.2-55.1) 72.3*  (61.7-82.0)
DIS-DMS-NRS 44.3*  (36.5-51.8) 443 (35.4-53.8) 68.1*  (58.1-75.7)
DIS-EMA-NRS 46.0*  (39.6-49.5) 447 (35.7-50.5) 69.1*  (60.5-77.4)
DMS-EMA-NRS 48.3*  (40.5-54.3) 43.7*  (32.7-54.3) 71.2*  (62.4-81.0)
X 6.0 3.8 8.9
DIS-DMS-EMA-NRS 454*  (37.4-53.3) 416* (28.8-54.5) 67.0* (57.4-78.4)
*Significant difference in the mean outcome score compared to respondents without insomnia. **Significant variation in the mean outcome scores among
subgroups in the same part of the table. The tests in Part | evaluate the significance of differences between all respondents with insomnia versus all
those without insomnia. The tests in Part Il evaluate the significance of differences among respondents with insomnia depending on number of nighttime
symptoms. The tests in subsets of Part IV, finally, evaluate the significance of differences among insomniacs with the same number of symptoms as a
function of symptom profiles. 'MCS, Mental Component Summary; PCS, Physical Component Summary; SF-6D, a preference-based health utility index that
combines information from the MCS and PCS. 2The results reported in these four rows are for overlapping subsamples of respondents with insomnia who
have the symptom in the row regardless of whether they also have any of the other three symptoms. *See fn 1 in Table 1 for definitions. *Means on all three
scales different significantly across the 15 insomnia symptom profiles: x?,, = 95.5, P < 0.001 for MCS; 124.3, P < 0.001 for PCS; 214.6, P < 0.001 for SF-6D.

shown), although less substantial differences could also be
seen among multivariate profiles with a given number of
symptoms (x>, = 14.8-29.5, P < 0.001-0.002 among cases
with exactly one symptom; y°, = 10.3-22.8, P = 0.006-0.066
among those with 2; x*, = 3.8-8.9, P = 0.03-0.29 among those
with 3).

Associations of Insomnia with Sociodemographic Variables
Some of the sociodemographic correlates of insomnia varied
significantly by nighttime insomnia symptoms (Table 4). Age
was a consistently significant correlate of insomnia with each
of the 4 nighttime symptoms (’, = 22.3-52.1, P < 0.001), but
the shape of this association varied significantly (x*, = 100.6,
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Table 4—Sociodemographic correlates of insomnia in overlapping subsamples defined by presence of nighttime symptoms’ (n = 6,791)
DIS? DMS? EMA? NRS?
OR  (95%ClI) OR  (95%ClI) OR (95% Cl) OR (95% CI) X2
Age
18-29 29*  (22-3.9) 1.0 (0.8-1.3) 1.3 (1.0-1.6) 24* (1.6-3.4)
30-44 22*  (1.6-2.9) 1.5 (1.2-1.9) 1.6 (1.3-2.1) 22* (1.5-3.2)
45-64 1.8°  (14-23) 1.6 (1.3-2.0) 1.7 (1.4-21) 1.8 (1.3-2.5)
65+ 1.0 - 1.0 - 1.0 - 1.0 -
X% 52.1* 43.7* 30.7* 22.3° 100.6**
Sex
Female 1.6°  (1.4-1.9) 1.6 (1.4-1.8) 1.3*  (1.2-1.5) 1.7 (1.4-2.0)
Male 1.0 - 1.0 - 1.0 - 1.0 -
X 42.8* 61.4* 17.7* 343 12.0*
Education
Less than high school 16  (1.0-2.7) 1.3 (0.9-2.0) 1.2 (0.8-1.9) 0.8 (0.4-1.8)
High school graduate 1.5 (1.3-1.8) 1.2 (1.0-1.3) 1.3°  (1.2-1.9) 1.2 (1.0-1.5)
Some post-HS 1.5 (1.2-1.8) 1.2 (1.0-1.4) 1.3*  (1.0-1.5) 1.5% (1.2-1.9)
College graduate 1.0 - 1.0 - 1.0 - 1.0 -
X% 30.3* 8.5" 19.2* 13.7* 18.4*
Employment status
Student 1.0 (0.7-14) 0.8 (0.6-1.2) 0.8 (0.6-1.2) 0.8 (0.5-1.2)
Homemaker 09  (0.7-1.3) 0.9 (0.7-1.2) 1.1 (0.8-1.4) 0.9 (0.6-1.3)
Retired 1.6°  (1.2-2.2) 14 (1.1-1.7) 1.2 (1.0-1.5) 1.3 (0.9-1.8)
Disabled 53 (34-8.2) 41 (2.8-6.2) 36*  (24-55) 5.5* (3.4-8.9)
Employed 1.0 - 1.0 - 1.0 - 1.0 -
Other 20" (1.5-2.6) 1.2 (1.0-1.6) 1.2 (0.9-1.6) 1.6 (1.2-2.3)
X 74.1* 56.2* 39.1* 58.3 21.0
Work schedule
Evenings 1.9 (1.2-2.9) 14 (0.9-2.0) 1.6 (1.1-24) 1.0 (0.5-1.8)
Nights 24*  (1.6-3.6) 1.0 (0.7-1.6) 1.3 (0.8-2.0) 1.6 (0.9-2.7)
Split Shifts 1.3 (0.7-24) 1.2 (0.7-2.1) 1.3 (0.8-2.2) 1.6 (0.8-3.1)
Rotating Shifts 12 (0.8-2.1) 1.2 (0.8-1.8) 1.0 (0.6-1.6) 0.8 (0.4-1.6)
Other 1.5 (1.1-2.0) 1.2 (1.0-1.5) 1.0 (0.8-1.3) 1.1 (0.8-1.6)
Days 1.0 - 1.0 - 1.0 - 1.0 -
X% 31.5¢ 54 7.2 5.6 24.6%
X 219.7* 172.8* 115.1* 128.7*
*Significant association with the insomnia symptom at the 0.05 level, 2-sided test. **Significant difference in the set of coefficients associated with the
sociodemographic variable across the four equations at the 0.05 level, 2-sided test. The number of degrees of freedom associated with the ¥ tests are 9
for age, 3 for sex, 9 for education, 15 for employment status, and 15 for work schedule. "The overlapping subsamples represent respondents with insomnia
who have the symptom in the column regardless of whether they also have any of the other 3 symptoms. 2See fn 1 in Table 1 for a description of the AIS
comorbidity subsample.

P < 0.0001) due to inverse relationships of age with both DIS
and NRS compared to positive relationships of age with DMS
and EMA. Sex was also a consistently significant correlate of
insomnia with all 4 symptoms (), = 17.7-61.4, P < 0.001), as
women consistently had significantly higher odds than men. This
association varied significantly across the outcomes (), = 12.0,
P=0.010), though, due to a weaker sex difference for EMA than
other symptoms. Education also correlated consistently with all
4 insomnia symptoms (), = 8.5-30.3, P = 0.04 - < 0.001), but
with ORs varying significantly (x’, = 18.4, P = 0.030) due to
respondents with less than a college education having the high-
est odds of DIS, DMS, and EMA, but those with some college
education having the highest odds of NRS.

SLEEP, Vol. 34, No. 8, 2011

1005

Employment status, in comparison, was a consistently sig-
nificant correlate (y*; = 39.1-74.1, P < 0.001) of insomnia with
each of the 4 symptoms with ORs that did not vary across
symptoms (), = 21.0, P = 0.14). The pattern observed was
for students, homemakers, and the employed to have the low-
est odds of insomnia, the disabled to have the highest odds,
and the retired and those in other employment statuses (mostly
unemployed and looking for a job) to have intermediate odds.
The final significant sociodemographic variable, work schedule
among the employed, was significantly related to insomnia with
DIS (= 31.5, P <0.001), but not to insomnia with any other
symptoms (y°, = 5.4-7.2, P = 0.20-0.38). The association with
DIS was due to significantly elevated odds among workers on
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Table 5—Regression coefficients of associations between insomnia nighttime symptoms' and SF-12 summary perceived health scales (n = 6,791)
MCS? PCS? SF-6D?
b* (SE) p? b* (SE) p° b* (SE) p?
I. Without controls for daytime impairment
DIS* 29 05 -03 04 04 00 15 05 02
DMS* 26 04 -05 12 03 02 28" 04 -05
EMA* 21 03 03 03 03 -01 14 04 02
NRS* 40 05 -04 25 04 -02 45 05 -04
Number of subtypes - 1 26 04 06
X, 128.1* 76.6* 273.7*
X 98.1* 23.5* 120.0*
II. With controls for daytime impairment
DIS* -16* 05 -02 00 04 00 01 05 0.0
DMS* 1.2 04 02 08 03 -01 12 04 02
EMA* 1.3 03 02 02 03 00 06 04 -01
NRS* 15 05 041 1.7 04 02 -1.3* 05 01
Number of subtypes — 1 20 04 05
X, 28.4* 24.6* 23.7*
X 27.2* 6.7 14.9*
*Significant at the 0.05-level, 2-sided test. "The symptoms are defined in overlapping subsamples representing respondents with insomnia who have the
symptom in the row regardless of whether they also have any of the other 3 symptoms. 2MCS, Mental Component Summary; PCS, Physical Component
Summary; SF-6D, a preference-based health utility index that combines information from the MCS and PCS. 3b is the unstandardized regression coefficient;
B is the standardized regression coefficient. See the text for a discussion of the difference between these 2 kinds of coefficients. “See fn 1 in Table 1 for
definitions.

evening and night shifts, more modestly elevated odds among
workers on other shifts than a day shift, and lowest odds among
workers on a day shift.

Multiple Regressions of Insomnia with Perceived Health

Linear regression equations were estimated in which di-
chotomous measures of insomnia with each of the 4 night-
time symptoms were used to predict each of the 3 summary
perceived health scores using a number of different model as-
sumptions. Sociodemographics and other physical and mental
disorders were controlled in all models. Six models were es-
timated for each outcome. The first (M1) included a separate
dummy variable for insomnia with each of the 4 nighttime
symptoms. The other 5 models added interactions to M1 in-
volving various combinations of the 4 nighttime symptoms.
Comparisons of model fit (detailed results available on request)
show that insomnia is significantly associated with all 3 out-
comes in M1 (y°, = 82.4-228.2, P < 0.001), that none of the
more complex models improves on the fit of M1 in the PCS or
SF-6D equations, and that a somewhat more complex model is
optimal in the MCS equation. The latter model includes a vari-
able for number of nighttime symptoms.

Inspection of unstandardized regression coefficients in the
best-fitting models show that each of the 4 insomnia symptoms
is independently related to MCS and SF-6D, while only insom-
nia with DMS and NRS are associated with PCS (Table 5, Part
I). All coefficients are negative, meaning that insomnia is con-
sistently associated with worse perceived health. Global tests
show that we can reject the hypothesis that the slopes associ-
ated with the 4 insomnia symptoms are of the same magnitude
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(¢, = 23.5-120.0, P < 0.001). Insomnia with NRS has the larg-
est unstandardized regression coefficient in all 3 equations. The
ratio of the NRS coefficient to the next largest coefficient is sig-
nificantly greater than 1.0 for PCS (y*, = 6.6, P=10.010) and SF-
6D (x*, = 6.4,P=10.011), but not MCS (1.4, >, = 0.5, P=0.47).
Insomnia with EMA has the smallest regression coefficient in
all 3 equations, but is significant for MCS and SF-6D although
not for PCS. The significant interaction associated with number
of insomnia symptoms in the MCS model, finally, has a sign
opposite that of the other coefficients, indicating that the joint
effects of the 4 insomnia symptoms are subadditive, that is, the
coefficient between any given multi-symptom insomnia symp-
tom profile is significantly less than the sum of the coefficients
based on the marginal coefficients in that profile.

As noted above, the standardized regression coefficients in
these equations adjust for the substantial variation in preva-
lence of insomnia symptoms by assessing the associations of
a standard deviation in symptoms with a standard deviation in
perceived health. This is a useful transformation because NRS,
although having a higher unstandardized regression coefficient
than other insomnia symptoms, is by far the least prevalent
symptom (6.6% vs. 12.5-23.7%). This means that the much
stronger individual-level associations of NRS with perceived
health (unstandardized coefficients) are dampened at the soci-
etal level (standardized coefficients). Because of this dampen-
ing, the standardized NRS coefficients are comparable to the
DMS coefficients, although larger than the DIS and EMA coef-
ficients, in all models.

One plausible interpretation of the finding that NRS has the
strongest individual-level association with perceived health is
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that NRS is most strongly related to daytime distress/impair-
ment and that daytime distress/impairment mediates the asso-
ciations of insomnia with perceived health. In order to evaluate
this possibility, the summary scale of daytime distress/impair-
ment was used in two ways.

First, we used the daytime distress/impairment score as an
outcome variable in the same kind of linear multiple regression
analysis used to study the associations of nighttime insomnia
symptoms predicting perceived health. As one might expect,
all 4 insomnia symptoms were found to be significantly associ-
ated with this summary daytime distress/impairment scale, but
the less obvious finding is that NRS had the highest regression
coefficient (standard error in parentheses) in predicting nor-
malized (to have a theoretical range between 0 and 100, with
high scores representing more distress/impairment) scores on
the summary daytime distress/impairment scale (5.4 [0.3]), and
EMA the lowest (2.3 [0.2]), with intermediate values for DMS
(3.5[0.2]) and DIS (2.7 [0.3]).

Second, we included the summary daytime distress/impair-
ment scale as a control in the regression equations for insomnia
predicting perceived health (Table 5, Part IT). We found that day-
time distress/impairment is a powerful mediator. All 12 of the
regression coefficients in the three equations become smaller in
magnitude after controlling daytime distress/impairment, with
a median (IQR) reduction in coefficient size of 56% (38% to
62%). Two of the 10 significant insomnia symptom coefficients
in the models without daytime distress/impairment become in-
significant in the models with daytime distress/impairment (DIS
and EMA in the equation for SF-6D).

Another possibility is that NRS is the nighttime insomnia
symptom most strongly comorbid with the other sleep disorders
considered in the AIS, sleep apnea and restless legs syndrome
(RLS), and that the latter disorders are the ones responsible for
the associations with perceived health. We controlled in the
multiple regression equations for these disorders as well as for
all the other physical and mental conditions that were found
to be comorbid with insomnia in order to control for any such
confounding, but those equations assumed that there were no
interactions between insomnia and these other conditions. To
evaluate whether this assumption is correct, we added inter-
action terms between each insomnia symptom and comorbid
sleep apnea or RLS to each prediction equation. These inter-
actions were insignificant in all 3 equations both in the ab-
sence (y°, = 2.9-6.1, P = 0.19-0.58) and presence (), = 2.6-4.8,
P=0.31-0.63) of controls for daytime distress/impairment. This
means that the associations of nighttime insomnia symptoms
with perceived health are independent of comorbid sleep dis-
orders in the additive multivariate models. (Detailed results are
available on request.)

Relative Population Attributable Risk Proportions (PARP)

A somewhat different perspective on the relative importance
of the different nighttime insomnia symptoms is obtained by
simulating the expected relative effects of sequentially eradicat-
ing these symptoms under the simplifying assumption that the
regression coefficients in the equations represent causal effects
of insomnia on perceived health (Table 6). These calculations
suggest that the largest proportional societal-level improvement
in MCS would result from eradicating DIS (25.2%), whereas
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Table 6—Relative population attributable risk proportions (PARPs) of SF-
12 perceived health scales due to the 4 nighttime symptoms? (n = 6,791)

mcs? PCS? SF-6D?
DIS 25.2 76 19.6
DMS 23.2 40.7 38.0
EMA 7.0 134 12.7
NRS 21.7 37.3 27.9

'See the text for a description of PARP. 2The symptoms are defined in
overlapping subsamples representing respondents with insomnia who
have the symptom in the row regardless of whether they also have any
of the other 3 symptoms. 3MCS, Mental Component Summary; PCS,
Physical Component Summary; SF-6D, a preference-based health utility
index that combines information from the MCS and PCS.

the largest comparable improvement in PCS and SF-6D would
result from eradicating DMS (40.7% and 38.0%, respectively).
Insomnia associated with NRS, while always having a relative
PARP approximate the largest, is never itself the largest due to
its comparatively low prevalence. The relative PARP associated
with eradicating insomnia associated with EMA is consistently
lower (7.0% to 13.4%) than that of insomnia associated with
the other symptoms (19.6% to 40.7%).

DISCUSSION

The data reported here estimated the comparative prevalence
of core nighttime insomnia symptoms in a representative sam-
ple of US health plan subscribers and the associations of these
symptoms with sociodemographic variables, other physical and
mental disorders known to be comorbid with insomnia, and
perceived health. The analyses explored whether nighttime in-
somnia symptoms identify sufficiently different patterns of risk,
comorbidity, and burden that they may justify further investiga-
tion of the implications of these distinctions in clinical samples
and in community samples evaluated using clinical diagnoses
and sleep studies.

Regarding symptom prevalence, we found that DMS and
EMA are the most common nighttime insomnia symptoms,
followed by DIS and NRS. This is true both in the entire
sample and among respondents with broadly defined insom-
nia. In the total sample, DMS and EMA were each reported
by about one-quarter of respondents. Slightly more insom-
nia cases reported DMS (61%) than EMA (52.2%). Most re-
cent population-based studies of adults using an unrestricted
age range''***" have also found DMS to be the most preva-
lent nighttime insomnia symptom. When different profiles
emerged, samples were generally selected to overrepresent
either youth,**' or the elderly.’

Previous results regarding the second-ranked nighttime
insomnia symptom have been less consistent. Lichstein and
colleagues** summarized the insomnia symptom prevalence lit-
erature prior to 2003 and calculated a median symptom preva-
lence for 46 random-sample studies. Estimates were usually
lower in these studies than in the AIS, with medians of 15.5%
for DMS compared to 23.5% in the AIS, 12.7% for EMA com-
pared to 23.7% in the AIS, and 13.4% for DIS compared to
12.5% in the AIS. These averages must be interpreted with cau-
tion, though, as they have very wide ranges (4.6% to 67.5%
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for DIS and 5.6% to 74.0% for DMS, with the range for EMA
not reported) that reflect methodological differences across the
studies both in symptom definition and sample characteristics.
Several studies reviewed were conducted outside the US, and
it is noteworthy that a wide cross-national range was found in
symptom reports even when measures and samples were stan-
dardized across sites.* Approximately half (47.4%) of AIS
respondents with insomnia reported only a single nighttime
symptom, 33.2% two, 15.1% three, and 4.2% all four. Few pre-
vious studies have reported distributional findings that can be
compared with this one. The AIS distribution is very similar to
that reported in a large community sample in Quebec, where
52.3% reported a single symptom, 30.7% two, and 12.2% three,
with NRS not being assessed.* We are unaware of other com-
parable data for general adult populations and using prevailing
diagnostic criteria.

The most common nighttime symptom profiles among AIS
cases were EMA-only, DMS-only, and EMA-DMS. It would be
interesting to determine whether the EMA-only and DIS-only
profiles are respectively characterized by a phase advance and
a phase delay in circadian timing and if the EMA-DMS pro-
file fits a phenotype characterized by 24-hour hyperarousal.®
However, these possibilities assume that symptom profiles are
fairly stable over time. Data that examine this issue of the tem-
poral stability of subtypes are sparse and inconsistent. While
a follow-up study of general practice outpatients revealed low
stability of DIS, DMS, and EMA over a period of four months,’
nonclinical samples have demonstrated stability of DMS and
EMA in young adults followed for two and seven years,® and
of DIS and DMS in older adults followed for two years.®> This
inconsistency of results across studies regarding temporal sta-
bility of symptoms perhaps reflects the greater symptomatic
variability in selected patient populations relative to the general
population. Large-scale longitudinal general population data
are needed to resolve this uncertainty.

A word is also in order about the high insomnia prevalence
estimate in the AIS (23.6%) compared to the 6%-10% estimate
in many previous epidemiological studies.* The high AIS prev-
alence is driven largely by the DSM-IV estimate (22.1%), which
is much higher than the ICD (3.9%) or RDC/ICSD-2 (14.7%)
estimate.'* Only seven of the more than 50 previously published
epidemiological studies of insomnia cited in published reviews
were based on full DSM-IV criteria, and all of these studies
used the Sleep-EVAL to make diagnoses.*® As noted above, the
Sleep-EVAL includes a number of idiosyncratic requirements
that go well beyond DSM, ICD, or RDC/ICSD criteria, presum-
ably leading to underestimation of prevalence. We are aware of
only one other large (n = 12,778) general population epidemio-
logical survey that assessed adult insomnia prevalence with a
fully structured diagnostic instrument using DSM-IV criteria.*’
The insomnia prevalence estimate in that study (19.0%) was
quite similar to the AIS estimate (22.1%). In addition, consis-
tent with the assertion that the AIS prevalence estimate is not
upwardly biased, a clinical reappraisal study found no bias in
the estimated prevalence of insomnia in the AIS compared to
diagnoses based on blinded clinical interviews by sleep medi-
cine experts.'?

The AIS finding of significant comorbidity between insom-
nia and a wide range of other physical and mental conditions is
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broadly consistent with previous studies,*** although the magni-
tude of associations has generally been weaker, especially with
physical (as opposed to mental) disorders, when insomnia was
defined loosely''*%% rather than rigorously.***"* In compari-
son, the AIS finding that strength of comorbidity does not vary
greatly depending on the presence or absence of particular night-
time insomnia symptoms has been found consistently in previous
studies, regardless of how rigorously insomnia was defined.’>

More evidence of variation in associations across the four
nighttime insomnia symptoms was found in the AIS for so-
ciodemographics. This applied to age (positively related to
DMS and EMA but inversely to DIS and NRS), sex (higher
prevalence of all symptoms among women than men, but less
so for EMA than the other symptoms), education (inversely re-
lated to DIS, DSM, and EMA, but not NRS), and work schedule
(related to DIS but not the other symptoms). Previous evidence
involving similar analyses of age***>> and sex* have shown
patterns generally consistent with those in the AIS.

A number of epidemiological studies examined associations
between insomnia and perceived health as indexed by the SF-
36 or SF-12.9503¢60 With the exception of one study that had
a very low response rate, marked reductions in perceived
health were found among respondents with insomnia. These
reductions persisted after controlling for covariates known to
influence quality of life, including comorbid physical***7 and
mental®’*8% disorders.

We are unaware, though, of previous population-based stud-
ies of adults using prevailing diagnostic criteria that reported
separate associations of the four nighttime insomnia symptoms
with perceived health. It is consequently not possible to evalu-
ate the generalizability of either our findings that these four
symptoms are significantly related to poor perceived health
after controlling for comorbidity or that these associations are
substantially reduced when a control is introduced into the re-
gression equation for daytime distress/impairment. One previ-
ous study reported (consistent with the AIS) that DIS and DMS
both had independent associations with low perceived health
after controlling for comorbid conditions,” but neither EMA
nor NRS were assessed. One other previous epidemiological
study found that NRS was more strongly associated than either
DIS or DMS with daytime impairment and distress. This is
consistent with our finding that NRS has the strongest of these
individual-level associations.

These results suggest that from the perspective of an indi-
vidual patient, treatments targeted at NRS would be expected to
have the greatest potential effects on overall perceived health,
while treatments targeted at EMA would be expected to have
the weakest effects. In comparison, the AIS analysis of PARP
portrays quite a different situation from a societal perspective;
the higher PARPs for DMS relative to other nighttime insomnia
symptoms suggest that successful treatments targeted at DMS
would confer the greatest effect in improving population-level
perceived health. This is due to the fact that DMS is more com-
mon than NRS and has stronger individual-level associations
with perceived health than either DIS or EMA.

Our finding that the associations of nighttime insomnia symp-
toms with perceived health are substantially reduced when con-
trols are introduced for daytime distress/impairment addresses a
long-standing question regarding whether a persistent report of
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difficulty with sleep onset or maintenance at night, without a day-
time complaint, be considered an insomnia disorder. Our find-
ing of the importance of daytime symptoms is broadly consistent
with the results of the small number of studies that have focused
on the subjective meaning of insomnia and found that daytime
symptoms loom large in the thinking of insomniacs about their
sleep problems.®'*> However, we also found that nighttime in-
somnia symptoms continue to be significantly associated with
perceived health, albeit in attenuated form, even when daytime
distress/impairment is controlled. This finding is consistent with
a number of studies that have documented significant associa-
tions of nighttime insomnia symptoms even in the absence of
daytime symptoms with significant adverse health outcomes.**-
Clearly, determining the relative importance of daytime and
nighttime features of insomnia, and which metrics should be
used to quantify those features, will require further research.

Several important limitations of the current report must be
noted. Two of these involve the sample. First, the AIS coopera-
tion rate (65.0%) was relatively low, which might have distorted
estimates of prevalence and correlates. Second, respondents were
all members of a large national commercial health plan, which
might mean that the results do not apply to the roughly 15% of
the US population that lacks health insurance or to segments of
the population with insurance not provided by commercial health
plans. Another design limitation is that the AIS has a cross-
sectional naturalistic study design, which is ill-suited to making
temporal, much less causal, inferences about the associations
documented here. It is consequently possible that some part of
the associations documented here between insomnia symptoms
and perceived health is actually due to perceived health or its
causes leading to insomnia. We have no way to evaluate this pos-
sibility with the cross-sectional AIS data. A related issue is that
the net associations of insomnia symptoms with perceived health
will be underestimated to the extent that comorbid conditions are
consequences of insomnia, another possibility that we cannot
evaluate because of the cross-sectional AIS design.

There are also limitations associated with the diagnosis of in-
somnia. These diagnoses were based on the fully structured BIQ
rather than on clinical interviews. Although this limitation is par-
tially addressed by the good concordance between BIQ diagnoses
and independent clinical diagnoses made by experienced sleep
medicine experts, there will inevitably be less subtlety in diagno-
ses based on a screening scale. In addition, diagnostic hierarchy
rules and organic exclusion rules were not used in making diag-
noses, although controls were included in the regression equations
to adjust for comorbid physical and mental disorders. With regard
to this limitation, though, it should be noted that our decision to
diagnose insomnia without hierarchy and organic exclusions is
consistent with the most recent recommendations of the task force
revising the DSM criteria,'” while our approach of using controls
to adjust for the effects of comorbid conditions is consistent with
the recommendations of both the 2005 NIH State-of-the-Science
Conference'® and the 2006 Recommendations for Research As-
sessment of Insomnia.'” In the special case of other sleep disorders
(sleep apnea and restless leg syndrome), which might be consid-
ered of special importance as sources of comorbidity, we carried
out a sensitivity analysis and found that the net associations of in-
somnia symptoms with perceived health do not vary significantly
depending on the presence vs. absence of these conditions.
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Within the context of these limitations, we found that night-
time insomnia symptoms are highly prevalent in the population,
with DMS and EMA by far the most common and NRS the least
common. We found that three symptom profiles—DMS-only,
EMA-only, and DMS-EMA—account for over 60% of people
with nighttime symptoms and nearly 50% of those with insomnia.
We also found that all four nighttime symptoms are significant
predictors of perceived health, that their joint effects are largely
additive, and that these associations are largely mediated by day-
time distress-impairment. The strongest predictor at the individ-
ual level is NRS and the weakest is EMA. At the societal level,
though, where both prevalence and strength of individual-level
association are considered, the strongest predictor of perceived
health is DMS. Nevertheless, the extent to which these symptom
profiles are stable over time remains uncertain. Future long-term
longitudinal study in general population adult samples is needed
to resolve discrepancies in currently available evidence regarding
symptom stability. Moreover, although the AIS results provide a
preliminary indication that symptom-based subtyping might turn
be of clinical value, they need to be evaluated much more thor-
oughly in studies using expert clinical interview and polysomno-
graphic identification of comorbid sleep disorders to confirm the
existence of subtypes and to determine the possibility of differen-
tial responses of subtypes to treatment in intervention trials.
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