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Abstract
Purpose Few studies have examined the co-morbidity be-
tween insomnia and sleep-disordered breathing in the clin-
ical setting. This study evaluated treatment-seeking
insomnia patients and their self-report of sleep breathing
complaints.
Methods A retrospective chart review was conducted on
1,035 consecutive treatment-seeking, chronic insomnia
patients who reported insomnia as their primary problem
upon seeking care at a private, community-based sleep
medical center. Measurements included the insomnia sever-
ity index, standard subjective sleep measures as well as
rankings, attributions, and self-reports about sleep breathing
disorders, problems, and symptoms.
Results A total of 1,035 adult, treatment-seeking insomnia
patients indicated insomnia interfered with daytime func-
tioning, and their average insomnia severity was in the range
of a clinically relevant problem: total sleep time (5.50 h,
SD01.60), sleep efficiency (71.05 %, SD018.26), wake
time after sleep onset (120.70 min, SD092.56), and an
insomnia severity index (18.81, SD05.09). Of these 1,035
insomnia patients, 42 % also ranked a sleep breathing dis-
order among their list of reasons for seeking treatment,

another 13 % revealed a concern about a sleep breathing
problem, and another 26 % reported awareness of sleep
breathing symptoms. Only 19 % of this clinical insomnia
sample reported no awareness or concerns about sleep
breathing disorders, problems, or symptoms. A greater pro-
portion of men than women reported significantly more
sleep breathing disorders, problems, or symptoms.
Conclusions Sleep breathing complaints were extremely
common among a large sample of treatment-seeking, self-
identified, adult chronic insomnia patients. Prospective
prevalence research is needed to corroborate or revise these
findings, and polysomnography should be considered in
appropriate cohorts to determine the clinical relevance of
treatment-seeking chronic insomnia patients' sleep breathing
complaints.
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Introduction

Research dating back to the late 1980s demonstrated utility
for polysomnography (PSG) in the evaluation of treatment-
seeking chronic insomnia patients [1, 2]. Edinger et al.
demonstrated at least one third of chronic insomnia patients'
sleep tests yielded important objective data [1]. Jacobs et al.
demonstrated pertinent objective findings in 49 % of
treatment-seeking insomnia patients [2]. Only a small pro-
portion of these patients were diagnosed with sleep apnea,
but testing was conducted with thermistor technology which
would have severely underestimated the frequency of hypo-
pneas on PSG [3]. Regardless, Edinger noted the potential
importance of the findings: “[insomnia] patients showing
clinical evidence of possible sleep apnea….should clearly
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receive a PSG evaluation in order to confirm the clinical
diagnosis” [1]. These two studies have been cited for more
than two decades to support both the need for testing at-risk
insomnia patients with sleep breathing complaints as well as
to discourage routine testing of all insomnia patients [4, 5].

Few studies have replicated or expanded upon these
earlier works to test for sleep apnea in clinical samples of
treatment-seeking insomnia patients or to even screen for
sleep breathing symptoms. In a 1999 study by Lichstein et
al. [6], individuals ≥59 years of age with primary insomnia
symptoms were recruited through media announcements. Of
the 386 patients who volunteered for the study, 226 were
excluded for medical reasons. Of the remaining 160
patients, 67 (41.9 %) were excluded during telephone and
in-person interviews for subjective symptoms suggestive of
sleep-disordered breathing. In 2001, Krakow et al.[7] eval-
uated a consecutive series of 44 crime victims with the
combination of insomnia and nightmares that were self-
referred in response to media announcements or by rape
crisis centers or private therapists. Sleep-disordered breath-
ing (SDB) symptoms were not reported in the study; how-
ever, unpublished data revealed 75 % of the sample (33 of
44) reported the presence of at least one SDB symptom
(snoring; choking, gasping, or struggling for breath at night;
or witnessed cessation of breathing by bed partner). In 2002,
Guilleminault et al. looked at a population of community-
recruited and sleep clinic-referred postmenopausal women
with complaints of primary insomnia without major psychi-
atric or medical disorders and without symptoms consistent
with obstructive sleep apnea (OSA) [8]. Of the 501 patients
who passed initial screening and completed an extensive
sleep questionnaire, 41 or 8 % of the sample were excluded
due to symptoms suggestive of OSA. Last, in 2010, Krakow
et al. [9] completed a retrospective chart review of 218
chronic insomniacs presenting to a sleep medical clinic with
persistent insomnia complaints despite nightly use of pre-
scription sleep medication. Unpublished data showed that
only 60 of the 218 patients did not report SDB symptoms
(snoring, choking, gasping, or struggling for breath at night,
or witnessed cessation of breathing by bed partner). Thus,
72 % of these insomnia patients reported sleep breathing
symptoms. From these four studies, we may surmise that a
very wide range of insomnia patients (8 to 75 %) may
present with sleep breathing complaints.

Given this wide range, we wanted to conduct a study
with a much larger sample of clinical and chronic insomnia
patients—seeking treatment at a sleep medical center—to
determine their prevalence of sleep breathing symptoms. As
part of our ongoing research efforts to examine the relation-
ships between insomnia and sleep-disordered breathing [7,
9–14], the following retrospective case series attempts to
shed light on this question by assessing more than a thou-
sand consecutive chronic insomnia patients presenting for

treatment at a private, community-based sleep medical cen-
ter. In future studies, we will evaluate objective data on
these patients, whereas this preliminary study is restricted
to the subjective data from patient self-reports about their
awareness of breathing complaints. We hypothesized that
sleep breathing complaints would be common when elicited
through various types of questions.

Methods

Informed consent and sample

The study was reviewed and approved by the Los Alamos
Medical Center Institutional Review Board. Patients provid-
ed consent upon completion of their intake at Maimonides
Sleep Arts & Sciences (MSAS) to use their information
anonymously for research purposes. Patients at MSAS com-
plete a standard intake set of questionnaires assessing sleep
symptoms based on the nosology for sleep disorders in the
International Classification of Sleep Disorders [15]. The
intake is an online program, and patients must complete all
surveys. Once completed, the patient must list and rank their
main reasons for seeking treatment.

For this retrospective chart review conducted for the
period between March 2004 and February 2010, we exam-
ined only those patients who denoted chronic insomnia as
their primary or chief complaint for which they were seek-
ing treatment, suffered from insomnia for at least 6 months,
and linked insomnia to daytime impairment, thus meeting
criteria for a chronic insomnia disorder. The complaint of
insomnia was construed in one of two ways: either insomnia
was ranked as the first disorder (chief complaint) or insom-
nia was ranked as the second disorder in combination with
nonrestorative sleep ranked as the first disorder. Those not
meeting these criteria were excluded.

Once this main insomnia sub-group (group A) was identi-
fied, we sub-divided the sample into four additional sub-
groups. When the patients rank their chief complaint, they
also rank other sleep problems or disorders for which they are
concerned. Thus, we selected those insomnia patients who
also ranked a sleep breathing problem to form group B. Next,
for those who did not rank a sleep breathing problem, we
reviewed four attribution questions that were completed about
their perceptions on sleep breathing, which included: (1) the
need to eliminate snoring, (2) awareness of awakenings due to
breathing problems at night, (3) the potential need for a sleep
breathing machine, and (4) an outright declaration of a sleep
breathing problem (despite not ranking SDB as a disorder).
Any affirmative endorsement of these factors suggested
awareness of or concerns about sleep breathing symptoms
(group C). Of the remaining patients, we reviewed their intake
for the presence or absence of classic sleep breathing
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symptoms (snoring, loud snoring, gasping or choking, wit-
nessed apnea) (group D). Once these reviews were completed,
we also examined those remaining patients who reported no
indications of any type of awareness or concern about sleep
breathing symptoms, problems, or disorders (group E).
Finally, from the online surveys completed by the patient at
intake, information was extracted on standard self-reported
sleep measures for insomnia, including sleep onset latency,
total sleep time, total time in bed, and wake time after sleep
onset fromwhich sleep efficiency was calculated. Total scores
on the insomnia severity index were also recorded [16].

All data were analyzed with SPSS version 11.0.1.
ANOVA and contingency coefficient analyses were per-
formed for continuous and dichotomous variables, respec-
tively. Cohen's d effect sizes, the standardized mean
difference, were calculated from the difference in two means
divided by the pooled standard deviation. The differences in
proportions test was calculated to determine effect sizes for
dichotomous variables. Pearson correlation coefficients
were analyzed for relationships among BMI and SDB symp-
toms. Statistical significance was .05.

Results

Sample characteristics and insomnia severity

The Fig. 1 flow chart shows the original sample comprising
4,355 patients at our sleep center, of which 1,035 or 24 %
reported a chief complaint of insomnia as their primary
reason for seeking treatment (656, insomnia first; 379, in-
somnia second with nonrestorative sleep first). The insom-
nia sample consisted of predominantly female (56.8 %),
overweight [BMI mean (SD)029.64 (12.07)], Caucasian
(63.8 %), married (68.6 %) individuals with bachelor
degrees or higher (52.6 %). The chronicity of their insomnia
was a mean (SD) of 10.17±9.52 years.

In addition to meeting the criteria for an insomnia disor-
der, among the entire insomnia sub-group (group A) of
1,035 adult insomnia patients, insomnia severity was con-
sistent with a clinically relevant insomnia problem: total
sleep time (5.50 h, SD01.60), sleep efficiency (71.05 %,
SD018.26), wake time after sleep onset (120.70 min, SD0

92.56), and an insomnia severity index (18.81, SD05.09)

SDB Attributesc

GROUP C: 
• (N = 135; 13.04%) 
• Rank insomnia as chief complaint 
• SDB not ranked as sleep problem 
• + SDB attributes 

N = 469 

SDB Symptoms d

GROUP D: 
• (N = 272; 26.28%) 
• Rank insomnia as chief complaint 
• SDB not ranked as sleep problem 
• No SDB attributes 
• Reported SDB symptoms 

N = 197 

GROUP E: 
• (N = 197; 19.03%) 
• Rank insomnia as chief complaint 
• SDB not ranked as sleep problem 
• No SDB attributes 
• Deny SDB symptoms 

GROUP B: 
• (N = 431; 41.64%) 
• Rank insomnia as chief complaint 
• Rank SDB as a sleep problem 

Rank Insomnia 1a

All MSAS Patients 
        n = 4355

Group A 

GROUP A:  
• (N = 1035) 
• Rank Insomnia as chief complaint 

Rank SDBb

N = 604 

Excluded:  
• (N = 3320) 

Fig. 1 Flow chart of five
subgroups, filtered per
awareness of insomnia plus
sleep breathing disorders,
problems, or symptoms. The
initial cohort included 4,355
patients of which 3,215
reported no insomnia, leaving
24 % in the main insomnia sub-
group. aRanked insomnia #1 or
insomnia #2 with nonrestora-
tive sleep #1 on list of chief
complaints. bRanked sleep-
disordered breathing (SDB) on
list of chief complaints. cSDB
Attributes include: (1) snoring,
(2) breathing-induced awaken-
ings, (3) use of a breathingma-
chine, and (4) declared sleep
breathing problem. dSDB
Symptoms include: (1) snoring,
(2) loud snoring, (3) choking or
gasping, and (4) witnessed
apneas
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above the conservative cutoff of 15 (Table 1) [16]. Comparing
those ranking insomnia first vs ranking insomnia second
(when ranking nonrestorative sleep first) demonstrated sub-
jective sleep indices for the nonrestorative group consistent
with a clinical insomnia problem: [total sleep time (5.85 h,
SD01.44), sleep efficiency (74. 57 %, SD015.28), wake time
after sleep onset (99.80 min, SD076.78), and an insomnia
severity index (18.04, SD04.61)], but which were all signif-
icantly (p0 .001) less severe than those in the insomnia first
group [total sleep time (5.30 h, SD01.44), sleep efficiency
(69.02 %, SD019.49), wake time after sleep onset
(132.70 min, SD098.58), and an insomnia severity index
(19.25, SD05.30)]; however, the overall mean effect size
between groups was 0.32, indicative of small clinical differ-
ences. When comparing men to women, there were no signif-
icant differences in subjective sleep indices or total ISI scores.

Presentation of sleep breathing complaints and related
effects

From the 1,035 insomnia patients (Fig. 1,group A), the
initial sub-division comprised 431 patients (group B) who

ranked a sleep breathing disorder. Of the remaining 604
patients, the next sub-group was 135 patients (group C)
who endorsed at least one of four attribution questions about
sleep breathing problems (snoring, breathing-induced awak-
enings, use of a breathing machine, or a declared sleep
breathing problem), decreasing our sample to 469 patients.
Last, we examined these 469 patients for the presence or
absence of classic sleep breathing complaints (snoring, loud
snoring, choking or gasping, witnessed apneas) and found
272 (group D) reporting one or more symptoms. Thus, our
final sub-group of chronic insomnia patients without any
awareness of or concerns about sleep breathing symp-
toms, problems, or disorders comprised 197 patients
(group E) or 19 % of the total insomnia sample. In
sum, on presentation of 1,035 patients who declared that
insomnia was their chief complaint, 81 % exhibited
awareness of sleep breathing disorders, problems, or
symptoms. Comparing our two types of insomniacs,
the nonrestorative sleep first group reported significantly
(p0 .01) higher levels of awareness of breathing symp-
toms (snoring, moving from bedroom due to snoring,
and witnessed apneas) than the insomnia first group, but

Table 1 Comparison of subjective sleep indices, insomnia severity, and SDB symptoms

Group

Characteristic A (N01,035) B (N0431) C (N0135) D (N0272) E (N0197)

Total time in bed, hours 7.88±1.76 7.78±1.86 7.96±2.20 8.02±1.47 7.85±1.55

Total sleep time, hours 5.50±1.60 5.47±1.63 5.79±1.64 5.50±1.51 5.37±1.62

Sleep efficiency, %a 71.05±18.26 71.81±18.82 74.48±18.22 69.51±17.24 69.15±18.08

Sleep onset latency, min 76.47±70.10 72.70±65.33 68.38±66.09 80.44±72.71 84.77±78.06

Wake after sleep onset, minb 120.70±92.56 122.39±92.14 112.30±94.30 116.97±91.79 127.91±93.38

Insomnia severity index, totalc 18.81±5.09 19.35±4.90 18.06±4.93 17.92±5.05 19.36±5.43

Reported SDB symptoms

Snoring 739 (71.4) 373 (86.5) 115 (85.2) 251 (92.3) N/A
Loud snoring 299 (28.9) 190 (44.1) 43 (31.9) 66 (24.3)

Choking or gasping 347 (33.5) 282 (65.4) 44 (32.6) 44 (16.2)

Witnessed apneas 373 (36.0) 260 (60.3) 47 (34.8) 43 (15.8)

SDB symptom endorsementd

0 of 4 symptoms 246 (23.8) 32 (7.4) 17 (12.6) 0 (0.0) N/A
1 of 4 symptoms 271 (26.2) 54 (12.5) 39 (28.9) 178 (65.4)

2 of 4 symptoms 199 (19.2) 96 (22.3) 38 (28.1) 65 (23.9)

3 of 4 symptoms 187 (18.1) 137 (31.8) 30 (22.2) 20 (7.4)

4 of 4 symptoms 132 (12.8) 112 (26.0) 11 (8.1) 9 (3.3)

Total 100.0 % 100.0 % 100.0 % 100.0 %

Continuous variables are expressed as mean±SD; dichotomous variables are expressed as N (percent)
a Subjective sleep efficiency (SE), determined by subjective total sleep time divided by subjective total time in bed
b Subjective wake after sleep onset, determined by subjective reported time awake after sleep onset during the night
c Insomnia severity index (ISI)-validated questionnaire consisting of seven questions scored on a scale of 0 to 4 based on increasing severity of the
symptom, with total scores ranging from 0 to 28 with scores ≥15 equivalent to clinically significant insomnia
d Total number of patients endorsing from zero to four SDB symptoms (snoring, loud snoring, choking or gasping, witnessed apneas) upon
questioning
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effect sizes as measured by difference of proportions
were less than 10 %.

Table 1 revealed no significant differences among any of
the breathing-delineated subgroups for subjective sleep
measures or insomnia severity. As a further analysis, we
compared the no-breathing-awareness group (group E) as a
reference against each of the other three groups. We found
that group E had significantly longer SOL [84.77 (78.06)]
than group B [72.70 (65.33), p0 .04, d0 .17] and group C
[68.38 (66.09), p0 .05, d0 .22]. Group E also had a signifi-
cantly higher total ISI score [19.36 (5.43)] than group C
[18.06 (4.93), p0 .03, d0 .25] and group D [17.92 (5.05),
p0 .003, d0 .28]. And lastly, group E had a lower SE [69.15
(18.08)] than group C [74.48 (18.22), p0 .01, d0 .29].
However, the average effect size for these differences as
measured with Cohen's d was in the small range (d00.24).

Socio-demographic influences on breathing symptoms

Supplemental analyses with socio-demographic variables
revealed expected findings for gender. First, there were
fewer men than women in the full insomnia sample (group
A, 43.2 vs 56.8 %, respectively). The proportion of women
in group B was slightly lower than the proportion of men
(48.7 vs 51.3 %, respectively) but was higher in the remain-
ing groups and increased significantly (p0 .001) in each sub-
group from group C (54.1 vs 45.9 %) to group D (61.8 vs
38.2 %) and finally to group E (66.5 vs 33.5 %) consistent
with published data showing women report fewer breathing
symptoms than men [17]. The proportion of men was sig-
nificantly greater than that of women endorsing snoring
(74.6 vs 68.9 %, p0 .03), witnessed apneas (44.5 vs
29.9 %, p0 .001), choking, gasping, or struggling for breath
(40.4 vs 28.6 %, p0 .001), and moving from the bedroom
due to snoring (36.0 vs 23.4 %, p0 .001). Overall, men
endorsed an average of 1.95 SDB symptoms of the four
listed while women endorsed an average of 1.50 symptoms
(p0 .001). There were no significant differences in BMI
between men and women in each of the four subgroups,
and BMI did not correlate with number of reported breath-
ing symptoms (p0 .55).

Discussion

The relationships between chronic insomnia and sleep-
disordered breathing have been the subject of recent review
articles [18–22]. Evidence suggests insomnia is common in
patients with sleep-disordered breathing, while others note a
higher than expected prevalence of sleep-disordered breath-
ing among chronic insomniacs. Some researchers have
raised the possibility that the relationship is simply an epi-
phenomenon based on the fact that the two most commonly

diagnosed sleep disorders are insomnia and sleep-disordered
breathing [23, 24]. Other viewpoints suggest that the rela-
tionship represents a strong association in which sleep-
disordered breathing may contribute to sleep maintenance
insomnia and, more speculatively, insomnia and resultant
sleep fragmentation may serve as a substrate for respiratory
instability that leads to sleep breathing events [25, 26].

The current study is the first to demonstrate a high
prevalence of self-reported sleep breathing complaints,
symptoms, or problems in a large clinical sample of 1,035
adult chronic insomnia patients presenting to a sleep medi-
cal center for insomnia treatment and who met the criteria
for an insomnia disorder. The vast majority of patients
(81 %) reported awareness or a concern about sleep breath-
ing problems or symptoms. Although it is unknown whether
these patients merit PSG, the numbers suggest that a size-
able proportion needs further workup for potential SDB.
Our future investigations to analyze objective data in these
patients will clarify the presence or absence of sleep breath-
ing disorders, and this diagnostic information may shed light
on the relationship between chronic insomnia and sleep
breathing complaints.

Other studies examining this issue on a smaller scale
often recruited patients from outside the clinical environ-
ment [6, 7]. The data retrieved in these studies were relevant
in so far as sleep breathing symptoms were an exclusion
category, not the main variable of interest. Yet, these works
also showed unexpectedly high rates of sleep breathing
disorders even among those without sleep breathing symp-
toms [6–9]. Thus, our findings probably generalize to other
sleep centers that represent community-based, health-
insured patients who present for insomnia treatment, albeit
our work may not generalize to other types of sleep centers
serving different populations. Regardless, the actual propor-
tion of insomnia patients at other centers who report sleep
breathing problems or symptoms is unlikely to be small.

Last, the most pressing clinical question raised by this
work is whether or not sleep centers routinely inquire about
sleep breathing complaints in diverse ways among their
chronic insomnia patients. It is essential that sleep clinics
utilize multiple ways of eliciting information in order to
accurately assess potential sleep breathing complaints in
patients presenting with an insomnia disorder [21].
Otherwise, it is conceivable that diagnostic testing for
sleep-disordered breathing may be underutilized, because
the failure to recognize sleep breathing symptoms in a
presenting insomnia patient is likely to steer the treatment
plan towards psychological or pharmacological therapy and
away from physiological assessments.

The main limitation of this research is that it only pro-
vides epidemiological information from subjective reports.
More intensive interviews of each individual patient would
have yielded greater clarity about the specifics of their
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insomnia or nonrestorative sleep complaints [27] as well as
the potential impact of their sleep breathing complaints on
their sleep. Thus, the precise clinical utility of our dataset
cannot be determined without completion of a thorough
sleep medical workup. Although our findings further dem-
onstrate the frequent co-occurrence of chronic insomnia and
sleep breathing symptoms, it does not address issues about
the causality of this co-morbidity. Research investigations
must not only determine how to explain and treat presenting
complaints of sleep breathing symptoms among insomnia
patients, but also whether or not sleep breathing symptoms
impact insomnia disorders and vice versa. While this study
clearly supports the view that sleep breathing symptoms are
more common among insomnia patients than previously
documented, it remains a question for further study to de-
termine whether or not routine polysomnography in these
chronic insomnia patients is warranted.
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