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Is Insomnia an Independent Predictor of
Obstructive Sleep Apnea?
Robert N. Glidewell, PsyD, Emily K. Roby, PsyD, and William C. Orr, PhD

Introduction: Obstructive sleep apnea (OSA) is a disorder with high prevalence in primary care. How-
ever, little research exists on screening for OSA in primary care samples.

Methods: One hundred family medicine patients completed standardized symptom and demographic
questionnaires and a structured clinical interview for sleep disorders. Two-step logistic regression was
performed to determine the independent predictive value of insomnia for clinical identification of OSA.
Additional t tests were computed to examine age and sex patterns of insomnia.

Results: A model including body mass index and daytime sleepiness predicted OSA status (�2 �
18.63; P < .001) and explained 27% of the variance in OSA clinical diagnosis. Addition of insomnia
scores to the model significantly improved predictive utility (�2 � 25.79; P < .001) and explained 36%
of the variance in OSA. Insomnia scores were higher for women compared with men (P � .033) and
women with OSA compared with women without OSA (P � .007).

Conclusions: Inquiry regarding insomnia may improve clinical identification of OSA when screening
for OSA in primary care. This finding possibly is unique to the evaluation of OSA in a primary care ver-
sus sleep laboratory sample. The predictive utility of insomnia may be specific to women. (J Am Board
Fam Med 2012;25:104–110.)
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Obstructive sleep apnea (OSA) is a sleep-related
breathing disorder estimated to occur in 2% of
women and 4% of men in the general adult popu-
lation.1 Though more than 30% of patients pre-
senting at primary care clinics are at high risk for
OSA, many remain undiagnosed and untreated.2

Untreated OSA is associated with increased medi-
cal and psychiatric morbidity and increased mor-
tality.3–10 Diagnosis of OSA requires costly and
cumbersome procedures including overnight poly-

somnography (PSG) or portable monitoring of
nocturnal respiration and oxygen saturation.11–13

These factors make accurate identification of OSA
patients in the primary care setting critically im-
portant for health risk reduction, health promo-
tion, health care cost management, and patient
care.

Numerous investigations have found patient
self-report of various signs, symptoms, risk factors,
and physiologic variables (eg, snoring, daytime
sleepiness, obesity) as a useful method for clinical
screening of OSA and prioritization of patients for
PSG.14–18 The predictive characteristics of specific
screening questionnaires and prediction models
have been published and several reviews exist.19–21

However, existing models have 3 limitations that
need to be overcome to optimize clinical identifi-
cation of OSA in the primary care setting. First,
with the exception of the Berlin and OSA 50 ques-
tionnaires, previous investigations have used sam-
ples recruited from sleep centers and were com-
posed of subjects who already were prescreened
and referred for evaluation of suspected sleep apnea
or a general sleep complaint.17,18,22–28 As noted by
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Maislin and colleagues,18 because of differences in
both the incidence of disease and the distribution of
clinical characteristics, the predictive characteris-
tics of diagnostic tests may vary considerably from
one clinical population to another. Accordingly, we
cannot assume that the utility of previously re-
searched prediction models is maintained when ap-
plied to a primary care population.

Second, previous models, including the Berlin
and OSA 50 questionnaires, are inconsistent with
current knowledge regarding the epidemiology and
clinical presentation of OSA. Although many pre-
viously published prediction models utilize both sex
and body mass index (BMI), recent findings of
Tishler and colleagues29 suggest that sex becomes
an unreliable predictor of OSA after age 50 and
BMI becomes an unreliable predictor of OSA after
the age of 60. In addition, a subpopulation of OSA
patients with normal BMI exists.30 Thus, use of
BMI in the initial screening will bias against iden-
tification of nonobese OSA patients. Use of sex
introduces a similar bias.17,26,31–33 There also are
clear differences in the clinical presentation and
symptom reports between male and female OSA
patients. For example, compared with men, women
with a diagnosis of OSA or upper airway resistance
syndrome are more likely to describe their main
sleep problem as insomnia.34 In a study of older
adults with a presenting complaint of primary in-
somnia, OSA was identified with PSG in 43% of
subjects despite prescreening for OSA using clinical
interview.35 Bouscoulet and colleagues36 reported
that, comparatively, men were more likely to report
snoring and daytime napping whereas women were
more likely to report insomnia and sedative use.

Finally, although the complaint of insomnia is a
known correlate of sleep apnea, it has not been
considered a valuable symptom for the clinical pre-
diction of OSA. A recently published clinical guide-
line for the evaluation of OSA does not recommend
insomnia symptoms as part of routine screening for
OSA, but instead proposes evaluation of insomnia
symptoms only as part of a comprehensive sleep
evaluation.11 Positive response to a single insomnia
question as part of a review of symptoms by pri-
mary care physicians has been associated with in-
creased probability of being identified as high risk
on the Berlin questionnaire.37 Previous prediction
models failed to evaluate insomnia symptoms,
found insomnia symptoms failed to provide suffi-
cient independent predictive value, or failed to pro-

vide sufficient data to allow judgments regarding
the specific contribution of insomnia symptoms to
the prediction model.14,17,18,22–26,38–40

In an effort to overcome these limitations, we
completed a study investigating the ability of vari-
ous clinical variables to improve clinical identifica-
tion of OSA in a primary care sample. This report
presents the results of an exploratory analysis of
data obtained from this study. Specific variables
analyzed in this report include Insomnia Severity
Index (ISI) and Epworth Sleepiness Scale (ESS)
scores, age, sex, and BMI.

Methods
Procedures
One hundred patients presenting to a community-
based family medicine clinic were administered the
Duke Structured Interview for Sleep Disorders
(DSI). The DSI was administered by a clinician
(ER) with postdoctoral training in the assessment
and treatment of sleep disorders and 10 years of
clinical experience. Selection of the interviewer was
based on the assumption that a higher level of
sleep-specific training and experience would result
in more reliable conclusions derived from the DSI.
Before completion of the DSI, subjects provided
demographic data and completed the ESS and ISI.
Subjects were provided a brochure describing the
study before seeing their physician, then participa-
tion in the study was solicited by their physician at
the end of their routine office visit. Recruiting
physicians were instructed that all patients were
eligible for participation regardless of medical or
psychiatric morbidity. Physicians also were in-
structed that patients with and without sleep com-
plaints were eligible for participation. Subjects
were compensated with a $30 Visa gift card for
participation in the study. This study was approved
by the Western Institutional Review Board.

Measures
The ISI (Table 1) is a 5-item self-report question-
naire that evaluates insomnia symptoms and asso-
ciated distress and impairment. Items are scored on
a 5-point Likert scale (0 to 4), resulting in a total
score of 0 to 28. An individual item response of
zero indicates no symptoms, distress, or impair-
ment whereas a response of 4 indicates severe
symptoms, distress, or impairment.41 The ISI has
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been found to be reliable and a valid instrument for
evaluation of perceived insomnia severity.42

The ESS is an 8-item self-report questionnaire
that evaluates the subjective likelihood of dozing in
common daily situations. Items are scored on a
4-point Likert scale, with 0 indicating no chance of
dozing in a particular situation and 3 indicating a
high chance of dozing in a particular situation.
Possible scores range from 0 to 24.43

The DSI is a structured clinical interview for the
evaluation of the full spectrum of sleep disorders. It
produces a positive or negative diagnostic impres-
sion for each sleep disorder. It was developed and
validated to standardize the screening and selection
of subjects with sleep disorders.44 The DSI has
been validated against the criterion of a sleep dis-
order diagnosis by clinicians using a combination of
PSG plus sleep and medical history. Convergent
validity of the DSI for diagnosis of OSA is moder-
ate to high (r � 0.45 to 0.50; P � .001).

Data Analysis
Subject characteristics were compared between
DSI classified OSA and non-OSA cases using in-
dependent samples t tests for continuous variables
and �2 tests with contingency coefficients for cate-

gorical variables. Demographic variables included
age, BMI, ethnicity, sex, marital status, and em-
ployment status. Symptom variables included ESS
and ISI total scores.

A 2-step logistic regression then was com-
puted to determine the explanatory value of vari-
ables with statistically significant between-group
differences. Logistic regression is required in this
study because of the use of a categorical depen-
dent variable (ie, OSA vs non-OSA). The
Nagelkerke R2 statistic was use to report results
of the regression.45 The regression was com-
pleted using only 97 subjects because 3 subjects
failed to provide BMI data. Additional t tests
were completed to examine the age and sex pat-
terns within the ISI data and between OSA and
non-OSA groups. Signs of respiratory obstruc-
tion (eg, snoring, witnessed apnea) were not in-
cluded in this analysis because these symptoms
typically are required to trigger suspicion for
sleep apnea and our goal here is to identify factors
that enhance clinical identification of OSA. Statistical
analyses of demographic and symptom characteristics
were completed using Statistical Package for the So-
cial Sciences version 15 (IBM, Chicago, IL), whereas
logistic regressions were completed using Statistical
Package for the Social Sciences version 18.

Table 1. Insomnia Severity Index

Questions Rating Category

1. Please rate the current (i.e., last 2
weeks) severity of your insomnia
problem(s).

None Mild Moderate Severe Very Severe

Difficulty falling asleep 0 1 2 3 4
Difficulty staying asleep 0 1 2 3 4
Problem waking up too early 0 1 2 3 4

2. How satisfied/dissatisfied are you with
your current sleep pattern?

Very Satisfied Satisfied Neutral Dissatisfied Very Dissatisfied
0 1 2 3 4

3. To what extent do you consider your Not At All Interfering A Little Somewhat Much Very Much Interfering
sleep problem to interfere with your 0 1 2 3 4
daily functioning (e.g., daytime
fatigue, ability to function at work/
daily chores, concentration, memory,
mood, etc.)?

4. How noticeable to others do you think Not At All Noticeable A Little Somewhat Much Very Much Noticeable
your sleeping problem is in terms of 0 1 2 3 4
impairing the quality of your life?

5. How worried/distressed are you about
your current sleep problem?

Not At All Worried A Little Somewhat Much Very Much Worried
0 1 2 3 4

Adapted with permission from Ref. 41.
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Results
Demographic and Symptom Characteristics
Demographic statistics are shown in Table 2. No
statistically significant between-group differences
were observed for sex, ethnicity, age, or employ-
ment status. The OSA group had higher mean ISI
scores of 12.0 � 6.7, compared with the non-OSA
group, who scored 6.4 � 4.7 (P � .001). The OSA
group also had higher ESS scores than the non-
OSA group (10.9 � 4.2 vs 7.2 � 3.7; P � .001).
BMI was higher in the OSA group compared with
the non-OSA group (34.9 � 7.7 vs 30.2 � 6.6; P �
.006).

Predictive Utility of Insomnia
A 2-step logistic regression was performed, with
the OSA clinical diagnosis (derived from the DSI)
as the dependent variable. BMI and ESS total score
were included as independent variables in step 1
and ISI total score was added as an additional in-
dependent variable in step 2. The results of this
regression indicate that step 1 significantly pre-
dicted OSA status (df � 2; n � 97; �2 � 18.63; P �
.001). The R2 results indicate that 27% of the

variance in OSA clinical diagnosis is accounted for
by step 1 of the model. The results also indicate
that addition of ISI scores to the model (step 2)
significantly improved the predictive utility of the
model, �2 (df � 3, N � 97) � 25.79, P � .001. The
R2 results indicate that 36% of the variance in OSA
is accounted for by step 2 of the model. Classifica-
tion statistics for each block of the regression are
provided in Table 3. Most notably, addition of ISI
scores to the model increased sensitivity by 0.19,
positive predictive value by 0.17, and percentage of
correctly classified cases by 5.2%.

Analyses of Insomnia Patterns by Sex
Given previous findings regarding insomnia as an
indicator of OSA in women, we analyzed the in-
somnia patterns by sex. Regardless of OSA diagno-
sis, ISI scores were higher for women compared
with men (8.7 � 6.3 vs 6.4 � 4.7; P � .033). They
also were higher for women with OSA compared
with women without OSA (13.6 � 7.4 vs 7.1 � 5.0;
P � .007). Among all subjects with a clinical diag-
nosis of OSA, ISI scores for women with OSA were
higher than ISI scores for men with OSA (13.6 �

Table 2. Demographic and Symptom Characteristics for Obstructive Sleep Apnea (OSA) and Non-OSA Subjects

OSA (n � 23) Non-OSA (n � 77) �2 (Contingency Coefficient) P

Male (%) 39 46 0.287 (0.54) .592
Married (%) 65 58 9.60 (0.296) .087
White (%) 78 82 1.37 (0.116) .849

Employed, full time (%) 61 52 1.20 (0.109) .878

Mean (SD) Mean (SD) t P

Age 52.7 (13.8) 53.3 (16.0) �0.152 .880
BMI* 34.9 (7.7) 30.2 (6.6) 2.79 .006
ISI total score 12.0 (6.7) 6.4 (4.7) 4.55 .000
ESS total score 10.9 (4.2) 7.2 (3.7) 4.12 .000

*Body mass index (BMI) statistics are calculated for only 97 subjects (n � 22 OSA; n � 75 non-OSA).
ESS, Epworth Sleepiness Scale; ISI, Insomnia Severity Index.

Table 3. Classification Statistics for the Logistic Regression Model for Prediction of Sleep Apnea With (Step 2) and
Without (Step 1) Inclusion of Insomnia Symptoms

Logistic Regression % Correct Sensitivity Specificity Positive Predictive Value Negative Predictive Value

Step 1* 80.4 0.29 0.95 0.60 0.83
Step 2† 85.6 0.48 0.96 0.77 0.87

*BMI and ESS.
†BMI, ESS, and ISI.
BMI, body mass index; ESS, Epworth Sleepiness Scale; ISI, Insomnia Severity Index.
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7.4 vs 9.6 � 5.0). Although revealing a strong
trend, this difference did not reach statistical sig-
nificance (P � .06).

Analyses of Insomnia Patterns by Age (Adults Age 18 to 54
Versus Older Adults Age �55)
Given previous findings that older adults with OSA
may present with a primary complaint of insomnia,
we analyzed age-related patterns within the ISI
data. In the full sample (n � 45 older adults; n � 55
adults), ISI scores were lower for older adults com-
pared with adults (6.4 � 5.4 vs 8.7 � 5.9; P � .047).
In the subsample of subjects with OSA (n � 10
older adults; n � 13 adults), ISI scores were lower
for older adults compared with adults, but this
difference was not significant (10.7 � 6.3 vs 13.1 �
7.1; P � .414). OSA patients had higher ISI scores
than non-OSA patients regardless of age category.

Discussion
Insomnia symptoms add significant independent
predictive value for OSA in this primary care sam-
ple. Inquiry regarding insomnia symptoms in the
routine screening for OSA in primary care may
improve clinical identification of OSA. Insomnia
symptoms may be most relevant for prediction of
OSA among women. This suggests that more at-
tention should be focused on the possibility of OSA
in women with a presenting complaint of insomnia.

ISI scores were predictive of OSA in this study.
However, 2 previous studies found insomnia symp-
toms to be related to Apnea-Hypopnea Index or
Respiratory Distress Index but concluded that in-
somnia symptoms did not provide sufficient inde-
pendent predictive value for inclusion in the final
screening model.14,39 We propose 3 primary expla-
nations for this discrepancy between our findings
and those of previous studies.

First, our findings of increased sensitivity and
positive predictive value associated with insomnia
symptoms may represent a true difference in in-
somnia symptoms between an unselected primary
care population and a sleep center population that
has been prescreened for sleep disorders. This is
consistent with the single previous study of insom-
nia as a predictor of OSA in primary care, which
found that an insomnia complaint increased the
probability of classification as high risk for OSA on
the Berlin questionnaire (odds ratio, 2.7; 95% CI,
1.5–4.9).37 Given the known variation in predictive

characteristics of diagnostic tests between popula-
tions, this is a probable explanation.18

Second, sex differences in symptom presentation
of OSA have been suggested as a possible cause of
undiagnosed and misdiagnosed cases of OSA
among women.32,34,46,47 Shepertycky and col-
leagues34 found that, compared with men, women
with OSA were more likely to have a main present-
ing symptom of insomnia (odds ratio, 4.2; 95% CI,
1.54–14.26). Findings of Valipour and colleagues46

indicate women with OSA report more insomnia-
type symptoms than men with OSA. Consistent
with these findings, ISI scores in our study differ-
entiated men from women and women with OSA
from women without OSA. Based on the above
findings and the independent predictive utility of
insomnia symptoms in the current study, we pro-
pose that inclusion of insomnia symptoms in the
screening and evaluation of OSA may lead to less
misdiagnosis of OSA in women.

Third, overnight PSG is the “gold standard” for
diagnosis of OSA. Therefore, the primary limita-
tion of this study is that the criterion for classifica-
tion of OSA and non-OSA subjects was use of a
structured clinical interview. In the absence of PSG
data we are unable to comment on the utility of
insomnia symptoms to discriminate OSA and non-
OSA patients based on the Apnea-Hypopnea Index
or Respiratory Distress Index. This difference in
diagnostic procedure may partially or fully explain
the discrepancy between the current results and
those of prior investigations. Accordingly, the cur-
rent results need to be replicated in a future inves-
tigation using PSG to establish the diagnosis of
OSA.

Concerns regarding use of a structured interview
as a surrogate for PSG may partially be ameliorated
by the fact that the DSI does have moderate to high
convergent validity with PSG-diagnosed OSA.44

Given the validity of the DSI, our findings of in-
creased sensitivity and positive predictive value as-
sociated with inclusion of insomnia scores suggest
that querying this symptom likely will help to iden-
tify correctly patients for PSG in a family medicine
setting. The prevalence of OSA in our sample is
23%, which is consistent with the estimated true
prevalence of 15% to 22% in a primary care pop-
ulation recently reported by Mold and colleagues.2

Given the dependence of predictive values on prev-
alence rates, we believe the prevalence of OSA in
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our sample increases the validity of our predictive
statistics.

Three additional limitations should be noted.
First, the study was not designed to select a random
sample or a sample representative of the larger
primary care practice. In addition, despite instruc-
tions that all patients were eligible for participation,
the recruiting procedures used may have produced
a sample influenced by the biases of the recruiting
physician or individual patients. Second, the sample
size was relatively small and there were only 23
OSA subjects. Although this limits the strength and
generalizability of the current findings, the sample
size is appropriate for a preliminary and explor-
atory study. Third, although the current results
support the candidacy of insomnia symptoms for
inclusion in screening for OSA in primary care, use
of the ISI in primary care is unrealistic. Accord-
ingly, further investigation is required to specify a
method of inquiry regarding insomnia symptoms
that improves clinical identification of OSA and can
be integrated realistically into the clinical practice
of primary care medicine.

Regarding the relationship between insomnia
and OSA in older adults, our findings did not sup-
port insomnia as a predictor of OSA in our sub-
sample of older adults. In fact, our results suggest
that the utility of insomnia for predicting OSA is
not mediated by age.

Conclusions
Insomnia symptoms provide independent predic-
tive value for identification of OSA in a primary
care sample. The function of insomnia symptoms
as a predictive variable for OSA may differ accord-
ing to the population being evaluated. The predic-
tive utility of insomnia seems to be most relevant
for women. Inclusion of insomnia symptoms in the
screening for OSA in primary care may improve
clinical prediction of OSA, although the specific
method of inclusion remains to be delineated.

We acknowledge and appreciate the assistance of Kurt Lesh,
MD, and David C. Bird, MD, who recruited the subjects for this
study and kindly allowed the execution of this study in their
practice. We acknowledge the assistance of David Dean in the
preparation of study data for analysis. We also acknowledge and
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with statistical analyses.
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