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Background: Obstructive sleep apnea (OSA) is associated with prothrombotic effects that could lead to venous thromboembolic disease. We per-
formed a prospective cross-sectional study to determine the prevalence of snoring and risk of OSAin patients with acute pulmonary embolism (PE).
Methods: We evaluated 270 consecutive patients who underwent a computed tomographic angiogram for suspected PE. Patients without PE
served as a control group. Demographic and clinical characteristics were analyzed. The Berlin Questionnaire was used to determine the presence
of snoring and the risk of OSA. A subset of patients also underwent formal nocturnal polysomnography.

Results: PE was present in 71 (26%) of the 270 patients who underwent a computed tomographic angiogram. When compared with patients
without PE, patients with PE had a significantly higher prevalence of snoring (75% vs 50%, odds ratio = 2.91, 95% confidence interval: 1.60, 5.33,
P =0.001) and an increased risk of having OSA, as defined by the Berlin Questionnaire (65% vs 36%, odds ratio = 3.25, confidence interval: 1.84,
5.72, P <0.001). Results from the multivariate analysis showed that PE was independently associated with risk of OSA (OR =2.78, P = 0.001).
Conclusions: We found a higher prevalence of snoring and high risk of OSA in patients diagnosed with acute PE, in comparison with patients in
whom PE was suspected but ruled out. This association might be independent of other risks factors common to both OSA and PE. Therefore, OSA

may represent a risk factor for the development of PE.
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THE ANNUAL INCIDENCE OF PULMONARY EMBOLISM
(PE) EXCEEDS 1 PER 1000 IN THE UNITED STATES,
WITH AN ASSOCIATED MORTALITY OF UP TO 40%.' PE
is thought to account for 5% to 10% of deaths in hospitalized
patients.”® If untreated, approximately one third of those who
survive an initial PE die of a future embolic episode. Although
risk factors for the development of PE are well established, up
to 30% of cases have no identifiable cause.* Moreover, risk-
factor assessment may have important implications for both
prevention and treatment of PE.}

Obstructive sleep apnea (OSA) is characterized by epi-
sodes of recurrent upper airway obstruction during sleep,
leading to repetitive sleep disruption, with or without con-
comitant oxygen desaturation.® Recent studies estimate that
OSA affects up to 25% of the adult population in the United
States.”® OSA is increasingly recognized as a risk factor for
cardiovascular disease.”!'? Some of the proposed mechanisms
whereby OSA contributes to cardiovascular complications
include hemodynamic alterations,'* sympathetic nervous sys-
tem activation,' oxidative stress," systemic inflammation,'®
hypercoagulability,'® and vascular endothelial dysfunction.”?
These same pathophysiologic derangements are prothrom-
botic and could promote the development of venous throm-
boembolic disease.
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Several previous case reports and uncontrolled cohort stud-
ies have suggested a possible association between OSA and
PE."*2* We hypothesized that patients with PE might have an in-
creased prevalence of OSA. We performed a prospective cross-
sectional study to determine the prevalence of snoring and the
risk of having OSA in patients suspected of having an acute PE.

METHODS

Study Population

We performed a prospective assessment for the presence
of snoring and the risk of having OSA in consecutive patients
older than 18 years of age who underwent a helical contrast
enhanced computed tomographic scan of the chest (CT angio-
gram) for suspected PE. CT angiography was performed at the
discretion of the patients’ treating physicians. The probability
of PE was based on the treating physicians’ clinical suspicion
(gestalt). All inpatients and outpatients were included. The
study took place in a 650-bed, tertiary care teaching hospital.
A board-certified radiologist determined the results of the CT
angiogram. Patients in whom the CT angiogram was negative
for PE comprised the control group. The research protocol was
approved by the hospital’s Institutional Review Board and reg-
istered with ClinicalTrials.gov #NCT00409045. All patients
provided informed consent. The only exclusion criteria were an
inability or unwillingness to participate or to provide consent.

Patients were evaluated in the emergency department, during
their hospitalization, or by telephone if already discharged from
the hospital. Demographic and clinical characteristics were col-
lected, including current and past medical history and known
risk factors for PE.>?*5 Hereditary risk factors included a fam-
ily history of deep vein thrombosis (DVT) or PE. Acquired risk
factors included a prior history of PE or DVT, oral contraceptive
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326 patients had CT
angiography for suspected PE

l—‘—l

246 patients with negative PE

80 patients with positive PE

9 patients could not
complete the
questionnaire or
refused to participate

47 patients could not
complete the
questionnaire or
refused to participate

v A

71 (89%) enrolled 199 (81%) enrolled

Figure 1—Trial profile

use, pregnancy, malignancy, immobility (hospitalization within
the prior 90 days and/or prolonged travel in the prior 8 weeks),
trauma, fractures, spinal cord injury, surgery (major or minor
procedure within the preceding 30 days), and varicose veins.
Laboratory investigation for thrombophilia was performed at
the discretion of the patients’ treating physicians.

Berlin Questionnaire

A Berlin Questionnaire (BQ) was completed for all study
participants and was used to determine the risk of having OSA.
The BQ consists of 10 questions divided into 3 categories, in-
cluding snoring, daytime somnolence, and hypertension and
obesity (defined as a body mass index [BMI] > 30 kg/m?).>
A high risk of having OSA is defined as a positive response
in 2 or more of the following categories: persistent symptoms
(> 3 times per week) in response to 2 or more questions about
snoring; persistent symptoms (= 3 times per week) of daytime
sleepiness or falling asleep while driving; and history of hyper-
tension or obesity. We excluded patients for whom any of the
BQ data were unknown or uncertain.

The BQ has been demonstrated to have good validity (Cron-
bach’s alpha: 0.86 to 0.92) with a sensitivity of 86%, specificity
of 77%, and a positive predictive value of 89% in a primary
care setting.”® Subsequent studies have confirmed the accuracy
in specific medical populations.?”

Polysomnography

The accuracy of the BQ was validated in a subgroup of our
study population who had completed both the BQ and formal
nocturnal polysomnography. During the course of the study,
nocturnal polysomnography was offered to 37 consecutive pa-
tients, 23 of whom underwent testing. Polysomnography includ-
ed monitoring of the electroencephalogram, electrooculogram,
electromyogram, electrocardiogram, thoracic and abdominal
movements, nasal airflow, and pulse oximetry (Compumedics,
Victoria, Australia). Sleep scoring was performed using the cri-
teria of Rechtschaffen and Kales.” An obstructive apnea was
defined as an episode of complete airflow cessation lasting at
least 10 seconds with persistent respiratory effort and an hypo-
pnea was defined as a 30% or greater decrease in airflow from
baseline lasting at least 10 seconds and a 4% or greater decrease
in oxygen saturation from baseline.*
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The sensitivity, specificity, and positive and negative predic-
tive values of the BQ were determined using the polysomno-
graphic findings as the gold standard. Polysomnography results
were analyzed without knowledge of the patients’ other clini-
cal information. OSA was defined by criteria set forth by the
American Academy of Sleep Medicine.>! An apnea-hypopnea
index (AHI) of at least 15 was used to define a positive study.
This threshold was chosen to avoid including patients with mild
OSA because a higher AHI is associated with higher odds of the
patient having cardiovascular comorbidity.**3

Statistical Analysis

First, descriptive statistics were obtained comparing the PE
and non-PE group in terms of the presence of OSA risk or snor-
ing. The 2 groups were also compared in terms of various de-
mographic and clinical variables. We evaluated risk factors for
PE in 2 categories: hereditary and acquired. Since laboratory
investigation for thrombophilia was not performed in the non-
PE group, this factor was not examined in the model. Continu-
ous variables are described using mean and SD while numbers
and percentages are used to describe categorical variables.

Second, univariate logistic regression models for PE were
performed to examine the unadjusted effect of each of the de-
mographic and clinical variables on the risk of PE.

Adjusted analysis using a multivariate logistic regression
model for PE was also performed to examine the independent
effect of risk of having OSA after adjusting for other poten-
tial confounding factors. Factors that were significantly as-
sociated with PE in the univariate logistic regression analyses
were included in the multivariate model, except for age, which
was controlled for in the model, regardless of significance.
The backward elimination procedure was used to obtain the
final model, and factors that showed no further significant
improvement to the model fit were eliminated. The validity
of the model was assessed using the Hosmer and Lemeshow
goodness-of-fit test.*’

RESULTS

Study Population

During the study period, 326 consecutive patients under-
went CT angiography for suspected PE. There were 80 patients
(25%) with PE and 246 patients (75%) with no evidence of PE
on CT angiography. A total of 71 out of the 80 patients who
had PE (89%) and 199 out of 246 patients who did not have PE
(81%) were enrolled in the study (P =0.11) (Figure 1). The re-
maining patients could not be contacted, could not complete the
questionnaire, or refused to participate. The clinical signs and
symptoms that led to suspicion for PE were similar among the
PE and non-PE groups. There were no statistically significant
differences between the different groups in terms of the reasons
for nonparticipation in the study (data not shown).

Table 1 lists demographic and clinical characteristics in
both the PE and non-PE groups, as well as results from univar-
iate logistic regression models for the risk of PE. Average age
was similar for both groups. There was a higher prevalence of
men in the PE group versus the non-PE group (61% vs 37%
respectively, odds ratio [OR] = 2.65, P = 0.001). Weight was
also greater among patients with PE than among those with-
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out PE (86 + 23 kg vs 78 + 20 kg, respectively, OR = 1.18 per
10-kg increase, P = 0.008), but BMI was not significantly dif-
ferent between those with and without PE (28.7 + 7.0 kg/m? vs
27.9 £ 6.7 kg/m?, respectively, OR = 1.02, P = 0.38).

Hereditary risk factors for PE were signifi-
cantly more prevalent in the PE group than in
the non-PE group (14% vs 3%, OR = 5.27,
P =0.002), whereas the effect of acquired risk
factors for PE did not reach statistical signifi-
cance (75 % vs 64%, OR 1.63, P=0.11). Fur-
thermore, results from the evaluation of each
individual factor grouped as acquired risk
factors showed no statistically significant as-
sociation with PE (data not shown).

There was a lower prevalence of congestive
heart failure in the PE group than in the non-
PE group (6% vs15%, OR = 0.34, P = 0.048).
There was no difference in the prevalence of
hypertension, smoking, or myocardial infarc-
tion between groups. Other known risk factors
for PE (pacemaker/central line, inflamma-
tory bowel disease, and nephrotic syndrome)
showed no significant difference.

Prevalence of snoring and risk of OSA in
patients suspected of having a PE

Table 1 demonstrates that patients with PE
had a significantly higher prevalence of snor-
ing, compared with patients without PE (75%
vs 50%, respectively). The OR for snoring
was 2.91 (95% confidence interval: 1.60, 5.33,
P =0.001). Similarly, patients with PE had a
significantly higher prevalence of risk of hav-
ing OSA, as defined by a positive BQ (65%
vs 36%). Results from the univariate analyses
showed that PE was significantly associated
with risk of having OSA as defined by the BQ
(OR=3.25,P<0.001).

The association of snoring and the risk
of having OSA with the presence of PE was
further evaluated with a multivariate logistic
regression model that considered several de-
mographic and clinical factors, as previously
described (Figure 2). Factors examined in the
final model included age, gender, hereditary
risk factors, and risk of having OSA (BQ). PE
was significantly associated with male gender
(OR =2.37,P=0.004) and the presence of he-
reditary PE risk factors (OR =4.37, P=0.009).

Although weight was significantly greater
in the PE-positive versus the PE-negative
group, (Table 1), the effect of weight (not
shown) was not statistically significant in
the multivariate model (OR = 1.04, per 10-
kg increase, P = 0.61). Similarly, despite
the association between PE and absence of
CHF in the univariate analysis, this associa-
tion was not significant in the multivariate
model (OR =0.38, P =0.10).
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PE was significantly associated with the risk of having OSA,
as determined by a positive BQ (OR =2.78; 95% confidence in-
terval = 1.54, 5.03; P=10.001). In contrast, snoring (not shown)
was not significantly associated with PE in the multivariate

Table 1—Demographic, clinical characteristics, snoring and risk of OSA of the study population?

PE
Positive Negative
Factor (n=T71) (n=199) OR (95%Cl) P-value
Demographics
Age,y 60.0+15.7 613+172 0.96(0.81,1.12) 0.58
Men 43 (61) 73 (37) 2.65(1.52,4.62) 0.001
Weight, kg 86.1+23.6 78.0+20.3 1.18(1.04,1.34) 0.008
BMI, kg/m? 287+70 27967  1.02(0.98, 1.06) 0.38

Clinical Characteristics
PE risk factors

Hereditary? 10 (14) 6 (3) 5.27(1.84,15.10)  0.002
Acquired® 53 (75) 128 (64) 1.63 (0.89, 3.00) 0.11
Hypertension 31 (44) 106 (53) 0.68 (0.39,1.17) 0.17
CHF 4 (6) 30 (15) 0.34 (0.11,0.99) 0.048
MI 4 (6) 19 (10) 0.57 (0.19, 1.72) 0.32
Smoking 13 (18) 39 (20) 0.92 (0.46, 1.84) 0.81
Pacemaker/central line 10 (14) 16 (8) 1.88 (0.81, 4.35) 0.14
IBD 2(3) 3(2) 1.89(0.31,11.57) 049
Nephrotic syndrome 0(0) 3(2) N/A 1.00
Snoring and risk of OSA
Snoring 53 (75) 100 (50) 2.91(1.60, 5.33) 0.001
Risk of OSA 46 (65) 72 (36) 3.25(1.84,5.72) <0.001

Data are shown as mean + SD or number (%). OR refers to odds ratio from univariate logistic
regression analyses for puimonary embolism (PE); OSA, obstructive sleep apnea; Cl, confidence
interval; BMI, body mass index; CHF, congestive heart failure; MI, myocardial infarction; IBD,
inflammatory bowel disease.

aFamily history of deep vein thrombosis (DVT) or PE.

®Personal history of DVT/PE, oral contraceptive use, pregnancy, malignancy, immobility, trauma,
fractures, spinal cord injury, surgery, or varicose veins.

Factor OR (95% CI) P-value |
I
Age 097(0811.16) 076 -@-
|
I
Gender 2.37(1.32,4.27) 0.004 | L 2
|
|
Risk of OSA  2.78 (1.54,5.03) 0.001 | L
I
|
Hereditary risk 4.37 (1.45,13.14)  0.009 | @
I
0 1 2 3 4 5 12 14
Adjusted OR

Figure 2—Multivariate logistic regression model for pulmonary embolism (N = 270). Model
includes groups of individual risk factors. OR refers to odds ratio; Cl, confidence interval; OSA,
obstructive sleep apnea.
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model (OR = 1.32, P=0.58). This suggests that the association
between snoring and PE, as shown in the univariate analysis,
becomes insignificant once it is examined in the multivariate
model that includes the risk of OSA. This can be explained by
the fact that snoring is already incorporated in the BQ from
which the risk of OSA was determined.

BQ Validation

Twenty-three consecutive patients, 19 of whom were posi-
tive for PE, underwent polysomnography in addition to com-
pleting the BQ. An AHI of at least 15 was used to define a
positive study. The BQ was positive in 13 patients, 12 of whom
had a positive nocturnal polysomnogram. BQ was negative in
10 patients, all of whom had a negative nocturnal polysomno-
gram. When compared with results of polysomnography as the
gold standard, the BQ performed with a sensitivity of 100% and
specificity of 91%. The positive predictive value was 92%, and
the negative predictive value was 100%.

DISCUSSION

We found a significantly higher prevalence of snoring and
risk of having OSA in patients with acute PE, in comparison
with patients in whom PE was suspected but ruled out. Our data
also suggest that this association might be independent of other
risks factors common to both PE and OSA. A relationship be-
tween sleep disordered breathing and PE was first suggested
more than 30 years ago in case reports of PE in patients with
the so-called Pickwickian syndrome.'3?° Several more recent
studies have examined the prevalence of OSA in uncontrolled
case series of patients with acute PE.*'?> A small, uncontrolled,
prospective cohort study of patients with newly diagnosed OSA
found an increased incidence of venous thromboembolism over
3 years following OSA diagnosis.?® To our knowledge, the pres-
ent investigation is the first controlled study to demonstrate an
association between OSA and PE.

We found a higher prevalence of PE in men, consistent with
previous reports.***” The lower prevalence of PE in patients
with congestive heart failure may be explained by the fact that
the presenting symptoms (most commonly shortness of breath
and chest pain) in the negative PE patients were more likely
due to cardiovascular disease. Obesity constitutes a well-known
risk factor for OSA, although its association with PE has been
debated.>* Weight was higher in the PE group, perhaps because
the majority of patients with PE were men, but body mass in-
dex was similar between the 2 groups. Interestingly, it has been
hypothesized that sleep apnea may be one of the mechanisms
whereby obesity contributes to the development of cardiovas-
cular disease.* It is possible that this same relationship could
exist between obesity and PE.

Utilizing the BQ, the 2005 National Sleep Foundation poll
of adults in the United States estimated a prevalence of OSA
of approximately 25%.% Furthermore, the prevalence of OSA
in hospitalized patients with cardiovascular disease has been
reported to be as high as 65.7%.%! The higher risk of having
OSA in our cohort (36% in the non-PE group and 65% in the PE
group) may reflect the fact that the majority of patients in our
study were hospitalized.

Thromboemboli arise in the setting of venous stasis, en-
dothelial injury and hypercoagulability (Virchow’s triad). Each
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of these conditions may develop in the setting of OSA. OSA-
related hemodynamic alterations may lead to acute reductions
in venous return and chronic venous stasis."* OSA is associated
with an increase in circulating thrombogenic factors, including
fibrinogen, von Willebrand Factor, platelet activation, plasmi-
nogen activator inhibitor-1, and D-dimer levels.'*!>%-* There is
evidence that OSA directly impairs vascular endothelial func-
tion: both an increase in endothelin-1 levels, which may lead to
vasoconstriction, and a reduction in nitric oxide, which may im-
pair vasodilatation, have been described.!” Furthermore, OSA
is associated with sympathetic nervous system activation'* and
an increase in inflammatory mediators, catecholamines, cellu-
lar and vascular endothelial adhesion molecules, and oxidative
stress, all of which have prothrombotic effects.!>!>¢4 Hence,
OSA may be sufficient, in and of itself, to fulfill the conditions
of Virchow’s triad. Our study results provide clinical evidence
to further support an association between OSA and PE.

Although we found a high prevalence of snoring and risk
of having OSA in patients with acute PE, our results must be
interpreted in light of several limiting factors. First, the risk of
OSA was determined by the BQ, rather than by polysomnogra-
phy, which is the gold standard for diagnosis. Although some
of the questions entail a degree of subjectivity, we excluded
patients for whom any of the BQ data were unknown or uncer-
tain (e.g., perception of snoring in subjects living alone). The
BQ has been shown to be very accurate in predicting OSA in
an outpatient primary care setting, as well as in other patient
populations.?**® The BQ was also highly accurate in our vali-
dation study, but the sample size was small and the majority
of those studied were positive for PE. Patients with PE were
more prevalent in our validation subgroup, probably due to a
greater willingness to undergo polysomnography. This may
reflect the fact that the patients who had PE were more con-
cerned about knowing whether OSA could have contributed
to their PE.

Second, the effect of risk factors on the association between
PE and OSA should be interpreted with caution. Laboratory
testing for thrombophilia was performed at the discretion of
the treating physicians and was not obtained in the major-
ity of patients. Other known risk factors for PE that did not
reach statistical significance (probably due to small sample
size) were not included in the multivariate logistic regression
model. Immobility, defined as hospitalization within the prior
90 days or prolonged travel in the prior 8 weeks, was consid-
ered as an acquired risk factor, which has been associated with
PE.>?*4647 However, we found no statistical difference for im-
mobility in the PE versus the non- PE group. A reduced level
of physical activity has also been shown to correlate with the
severity of OSA.*#% However, these data were based on retro-
spective analyses, and the methodology and definitions have
not been well standardized or well validated. Although it is
possible that relative physical inactivity, as a result of OSA,
might also predispose a patient to the development of PE, we
were not able to accurately quantify the level of physical ac-
tivity in our patient population.

Third, the decision to obtain CT angiography was based on
the clinical gestalt of the treating physician. There is conflict-
ing evidence regarding the use of standardized clinical decision
rules versus clinical gestalt in the diagnosis of PE. However, in
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general, these two approaches are felt to have comparable ac-
curacy among experienced physicians.’>>* Additionally, and in
accordance with prior reports,® the prevalence of clinical signs
and symptoms that led to the suspicion of PE showed no statis-
tically significant difference among the PE and non-PE groups
in our study.

Fourth, we enrolled only patients who underwent a CT an-
giogram of the chest, and the concomitant presence of DVT
was not routinely ascertained. Even though DVT is considered
part of the spectrum of venous thromboembolism, our study did
not address whether OSA is also associated with DVT. Finally,
we did not include patients in whom diagnostic testing for PE
was performed with ventilation/perfusion scanning. We specifi-
cally sought to define our study population (both cases and con-
trols) based on a single test. CT angiography was chosen based
on its superior specificity and the lack of need to assess clinical
pretest probability, as is required for ventilation/perfusion scan-
ning. %65

In summary, we found a high prevalence of snoring and high
risk of having OSA in patients diagnosed with acute PE. Based
on a growing body of evidence suggesting pathophysiologic
plausibility, our findings support the concept that OSA may
represent an independent risk factor for the development of PE.
Given the high prevalence of OSA and the high morbidity and
mortality associated with PE, additional studies are warranted
to address this relationship.
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