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Background  In many studies, obstructive sleep apnea (OSA) has been shown to be an independent risk factor for 
cardiovascular disease. Conversely, there are few reports establishing possible relation between OSA and venous 
thromboembolism (VTE). In this study, the aim is to evaluate OSA via polysomnography in patients with pulmonary 
embolism and drawing the attention of clinicians to the presence of obstructive sleep apnea syndrome (OSAS) may be a 
risk factor for pulmonary embolism. 
Methods  Fifty consecutive patients who were diagnosed with pulmonary embolism (PE) were evaluated prospectively 
for OSAS. Polysomnographic examination was conducted on 30 volunteer patients. The frequency of OSAS in PE was 
determined and PE cases were compared to each other after being divided into two groups based on the presence of a 
major risk factor. 
Results  The study consisted of a total of 30 patients (14 females and 16 males). In 56.7% of the patients (17/30), 
OSAS was determined. The percent of cases with moderate and severe OSAS (apnea hipoapnea index >15) was 26.7% 
(8/30). Patients who had pulmonary thromboembolism (PTE) without any known major VTE risk (n=20), were compared 
to patients with VTE risk factors (n=10), and significantly higher rates of OSAS were seen (70% and 30% respectively; 
P=0.045). The mean age of the group with major PE risk factors was lower than the group without major PE risk factors 
(52 years old and 66 years old, respectively; P=0.015), however, weight was greater in the group with major PE risk 
factors (88 kg and 81 kg, respectively; P=0.025). By multivariate Logistic regression analysis, in the group without any 
visible major risk factors, the only independent risk factor for PE was OSAS (P=0.049). 
Conclusions  In patients with PTE, OSA rates were much higher than in the general population. Moreover, the rate for 
patients with clinically significant moderate and severe OSA was quite high. PTE patients with OSA symptoms (not 
syndromes) and without known major risk factor should be examined for OSA. There seems to be a relationship between 
OSA and PTE. However, whether this relationship is a causal relationship or a relationship due to common risk factors or 
long-term complications of OSA is not clear. Further comprehensive studies on those special topics are needed to clarify 
these points. 
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bstructive sleep apnea (OSA), which is the most 
frequent disorder among sleep breathing disorders, is 

characterized by recurrent, partial or complete collapses 
in the upper airway during sleep.1 The overall prevalence 
in the population is between 1.2%–4.5% in females and 
3.1%–7.5% in males.2  
 
OSA is known to be associated with cerebrovascular and 
cardiovascular morbidity and mortality.3,4 The link 
between OSA and  cardiovascular diseases like 
hypertension, ischemic heart disease, congestive heart 
failure (CHF), cerebrovascular accidents (CVAs) has been 
shown in many reports.5-8 Conversely, there are few 
reports establishing a possible relation between OSA and 
venous thromboembolism (VTE). 
 
Pulmonary thromboembolism (PTE) is a frequently 
diagnosed cardiopulmonary disease; its annual incidence 
in the United States is over 0.01% and within three 
months following diagnosis, the mortality rate reaches 
15%.9 In each age group, the incidence is higher in males 

and the mortality rates are higher in  males, elderly and 
in African Americans.10,11 There are some common risk 
factors like obesity, age and male gender in OSA and 
PTE. VTE is an increasingly common and challenging 
complications of CHF and CVAs which are also 
complications of OSA. 
 
In the light of this information, in patients with PTE, OSA 
prevalence was thought to be higher than in the normal 
population. In this study, the objective is to investigate 
whether the prevalence of OSA is high in patients with 
pulmonary embolism (PE) and if such a relationship 
exists, to draw the attention of clinicians to the presence 
of OSA as a possible risk factor for PTE. 
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METHODS 
 
Study group  
In this cross-sectional study, 50 consecutive patients who 
were diagnosed as PTE at Düzce University Faculty of 
Medicine Chest Diseases Service, between November 
2009 and December 2010, were evaluated, in terms of 
OSA. The approval was obtained from Düzce University 
Faculty of Medicine Non-Invasive Clinical Research 
Ethics Committee (approval number: 2010-90). 
 
The exclusion criteria were unconscious patient, a worse 
general status after one month of treatment, and refusing 
the polysomnographic examination. Inclusion criteria 
were patients with confirmed VTE and agreeing to 
participate in the study. Thirty PTE patients who received 
polysomnography constituted the study group. The flow 
chart of the study is summarized in Figure 1. 
 
Sleep study  
All patients had full night polysomnography 
(SomnoMedics: Model: Somnoscreen PSG, Germany) at 
the sleep laboratory. Two-channel electro- 
enchephalography (EEG), 2-channel electrooculography  
(EOG), 2-channel chin electromyography (EMG), oral 
and nasal air flow (thermistor and nasal cannula), thorax 
and abdomen movements, body position, snoring, 
electrocardiography (ECG) and pulse oxymeter records 
were obtained (> 6 hours). All records were scored 
manually. Apnea was defined as the complete cessation of 
airflow through the mouth and nose for 10 seconds or 
more. Hypopnea was defined as the decrease of more 
than 30% in the oral and nasal air flow for 10 seconds or 
more, accompanied by 4% desaturation. Apnea-hypopnea 
 

  
Figure 1. The flow chart of the study. 

index (AHI) is the total number of apnea and hypopnea 
incidence occurring per hour of sleep. Patients with 
apnea-hypopnea index ≥5 were diagnosed as OSA. 
 
Assessment of patients 
Snoring and witnessed apnea symptoms in the patients 
were assessed. Daytime sleepiness was evaluated using 
the Epworth Sleepiness Scale. Based on their AHI, the 
patients were divided into the following groups; no OSA 
(AHI <5), mild OSA (AHI 5–15), moderate OSA (AHI 
16–30), and severe OSA (AHI >30). Again, PTE patients 
were divided into two groups depending on whether they 
had a major risk factor or not. Surgery (major abdominal 
and pelvic surgery, hip, knee replacement, postoperative 
intensive care), obstetrics (pregnancy, caesarian section, 
puerperium), lower limb problems (fracture, trauma, 
stroke, spinal cord injury), malignancy (abdominal, 
pelvic, advanced, metastatic, chemotherapy), immobility 
(>3 days), and previous proven VTE were considered as 
major risk factors for PE. 
 
Statistical analysis  
Values are expressed as mean ± standard error (SE). Data 
were entered into the SPSS 16.0 Program (Statistical 
Package for Social Sciences for Windows, Chicago, IL, 
USA). For the paired comparison numerical data, the 
Student’s t test was used. Chi-square was used in the 
comparison of categorical data. For parameters that were 
significant based on univariant analyses of the groups 
with and without PE as a major risk factor, multivariant 
(Logistic regression) analysis was conducted. A P value 
less than 0.05 was considered to be the statistically 
significant. 
 

RESULTS 
 
The study consisted of a total of 30 patients (14 females) 
between the ages of 28–85 years old (mean±SE (61±2.8) 
years old). There were 24 non-massive PTE patients 
(80%), two sub-massive PTE patients (10%), two patients 
with chronic PTE (6.7%) and one patient with massive 
PE (3.3%) (Figure 2). In 56.7% of patients (17/30) we 
determined to have OSA. The percentage of patients with 
moderate and severe OSA (AHI >15) was 26.7% (8/30) 
(Figure 3). The mean age of the group with major PE risk 
factors was lower than the group without major PE risk 
factors (52 years old and  66 years old, respectively; 
P=0.015), however, weight was greater in the group with 
major PE risk factors (88 kg  and 81 kg, respectively;  
P=0.025). In the group without a major risk factor, blood 
urea nitrogen (BUN) levels were significantly higher. 
Between the groups with and without a PTE major risk 
factor, no significant difference was determined based on 
body mass index, hematocrit level, AHI and other 
polysomnographic findings (Table 1). 
 
Between the groups with and without PTE major risk 
factor, there was no significant difference based on 
gender, cigarette and alcohol use, OSA symptoms,  
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Figure 2. Clinical presentation of pulmonary embolism cases. 

 

  
Figure 3. The frequency and severity of OSA in patients with 
PTE. 

 
accompanying diseases (diabetes mellitus, hypertension, 
hypercholesterolemia, heart failure, chronic obstructive 
pulmonary disease, asthma, and hypothyroidism), and 
drug use (angiotensin converting enzyme (ACE) 
inhibitors, beta blockers, calcium-channel blockers, 
diuretics and aspirin) (Table 2). 
 
In patients who have PTE without any known major VTE 
risk factors, compared to those patients with VTE risk 
factors, significantly higher OSA levels were observed; 
70% (14/20) vs. 30% (3/10) P=0.045, respectively 
(Figure 4).  
 
Based on the multivariant Logistic regression analysis 
conducted, among the group without any visible 

  
Figure 4. OSA rates according to presence of major risk factor 
for PTE. 

 
major risk factors, the only independent risk factor for 
PTE was OSA (P=0.049, Table 3). In patients without PE 
risk factors, who had snoring and aspirin use, a 
statistically significant higher rate of OSA was 
determined. Between the groups with and without OSA, 
no significant difference was present based on gender, 
cigarette and alcohol use, accompanying diseases 
(diabetes mellitus, hypertension, hypercholesterolemia, 
heart failure, chronic obstructive pulmonary disease 
(COPD), asthma, and hypothyroidism), and ACE inhibitor, 
beta blocker, calcium-channel blocker and diuretic use 
(Table 4). OSA was found in 72.2% of patients with 
snoring, and in all patients with witnessed apnea and 
daytime sleepiness symptoms. As the snoring severity 
increased, the likelihood of OSA was also significantly 
increased. Among those without any symptoms, OSA was 
observed in 33.3% of patients. OSA was found in 64.3% 
of patients with a single major symptom, and in all 
patients with two or more symptoms (Table 5).  
 

DISCUSSION 
 
In this study, among patients with PTE diagnosis, 
prevalence of OSA was higher (57%) than the general 
population (1%–5%).12-14  Moderate and severe OSA 
(AHI >15) prevalence (27%) were also higher than 
general population. At the same time, the study revealed 
that OSA could be a possible risk factor for PTE, 
independent of age, weight and other accompanying 
conditions. 

Table 1. Comparison of clinical and polysomnographic findings between the groups with and without major risk factors for PTE (mean±SE) 
Characteristics Major risk factors for PTE (–) (n=20) Major risk factors for PTE (+) (n=10) P values 
Age (years) 66.0±2.9 52.0±4.8 0.015 
Weight (kg) 81±3  88±5  0.025 
Body mass index (kg/m2) 29.4±1.2  30.8±2.1  0.542 
BUN (mg/dl) 21.2±1.7  14.1±2.4  0.023 
Hemoglobin (g/dl) 12.7±0.3  11.8±0.5  0.109 
Hematocrit (%) 38.6±0.9  36.0±1.1  0.108 
Polysomnographic features    

Apnea hypopnea index 14.8±3.7  21.3±12.4  0.525 
Desaturation index 12.2±3.1  13.7±6.8  0.829 
Saturation <90% 10±3  8±4  0.664 
Sleep efficiency (%) 79.6±3.0  74.9±3.7  0.351 
Snoring in polysomnography (%) 52.0±22.6  28.0±7.1  0.472 
Heart rate index 25.0±9.3 34.6±21.6  0.640 
Arrhythmia index 120.6 ±50.8  40.4 ±26.7  0.294 
Longest oxygen desaturation* (seconds) 86.0 ±7.1   76.0 ±9.3  0.414 

* The time of oxygen desaturation >4% during sleep time. 
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Table 2. Comparison of clinical and demographic findings between the groups with and without major risk factor for PTE 
Characteristics Major risk factors for PTE (–) (n=20) Major risk factors for PTE (+) (n=10) P values 
Gender (female/male) 9/11 5/5  0.796 
Smoking (n (%)) 5 (25) 1 (10) 0.663 
Alcohol (n (%)) 1 (5) – 0.667 
OSA rate (n (%)) 14 (70) 3 (30) 0.045 
OSA symptoms (n (%))    

Snoring* 10 (50) 7 (70) 0.297 
Witnessed apnea 2 (10) 2 (20) 0.584 
Daytime sleepiness† 2 (10) 2 (20) 0.584 

Drug used (n (%))    
ACE inhibitory 5 (25) 1 (10) 0.663 
Beta blocker – – – 
Ca-canal blocker 2 (10) – 0.540 
Diuretic  3 (16) 1 (10) 0.704 
ASA (aspirin) 5 (25) 1 (10) 0.633 

Comorbid diseases (n (%))    
Diabetes mellitus 2 (10) 3 (30) 0.300 
Hypercholesterolemia 1 (5) – 0.567 
Hypertension 7 (35) 4 (40) 0.548 
Heart failure 4 (20) 1 (10) 0.640 
COPD 5 (25) 1 (10) 0.633 
Asthma 1 (5) – 0.667 
Hypothyroid 1 (5) – 0.667 

*Habitual snoring: presence of snoring for at least 5 nights per week. †Daytime sleepiness: epworth sleepiness scale >10. ACE: angiotensin converting enzyme. 
 

Table 3. Multivariant analysis of significant parameters in univariant analysis of the cases with and without major risk factor for PTE 

Characteristics 
Major risk factors for PTE Logistic regression 

No (n=20) Yes (n=10) P values B P values 
Age (mean±SE, years) 65.0±2.9  52.0±4.8  0.015* 0.025 0.634 
Weight (mean±SE, kg) 81.1±3.1  87.9±5.3  0.025* 0.160 0.056 
BUN (mean±SE, mg/dl) 21.2±1.7  14.10±2.4  0.023* –0.319 0.070 
OSA rate (n (%)) 14 (70) 3 (30) 0.045† 3.934 0.049‡ 

*Student’s t test; †Chi-square test. ‡Logistic regression analysis. 
 
Table 4. Comparison of clinical and demographic findings of PTE 

cases according to presence of OSA 
Characteristics OSA(–) (n=13)  OSA(+) (n=17)  P values 
Gender (female/male) 7/6 7/10  0.491 
Smoking (n (%)) 1 (7.7) 5 (29.4) 0.154 
Alcohol (n (%)) 1 (7.7) – 0.433 
Major risk factors for PTE (n (%)) 7 (53.8) 3 (17.6) 0.045 
OSA symptoms (n (%))    

Snoring* 5 (38.5) 13 (76.4) 0.035 
Witnessed apnea – 4 (23.5) 0.113 
Daytime sleepiness† – 4 (23.5) 0.113 

Drug used (n (%))    
ACE inhibitory 2 (15.4) 4 (23.5) 0.672 
Beta blocker – – – 
Ca-canal blocker 1 (7.7) 1 (5.9) 0.687 
Diuretic  1 (7.7) 3 (18.8) 0.606 
ASA (aspirin) – 6 (35.3) 0.024 

Comorbid diseases (n (%))    
Diabetes mellitus 2 (46.2) 2 (11.8) 0.491 
Hypercholesterolemia – 1 (5.9) 0.567 
Hypertension 3 (23.1) 8 (47.1) 0.259 
Heart failure 1 (7.7) 4 (23.5) 0.355 
COPD 1 (7.7) 5 (29.4) 0.196 
Asthma 1 (7.7) – 0.433 
Hypothyroid – 1 (5.9) 0.567 

*Habitual snoring: presence of snoring for at least 5 nights per week. †Daytime 
sleepiness: epworth sleepiness scale >10. ACE: angiotensin converting enzyme. 
 
In other studies,12,13 the prevalence of OSA was reported 
to be between 0.3% and 15.0%. This difference between 
results is, to a great extent, due to the different study 
methods and diagnosis criteria. When these differences 
are taken into consideration, OSA is observed in 

Table 5. The rates of OSA confirmed in PSG regarding to the 
presence of OSA symptoms in PTE cases 

OSA symptoms  n Rate of OSA (%) P values 
Snoring* 18 13 (72.2) 0.035 
Witnessed apnea 4 4 (100.0) 0.113 
Daytime sleepiness† 4 4 (100.0) 0.113 
Severity of snoring    

No 12 4 (33.3)  
Mild 12 7 (54.5) 0.042 
Severe 6 6 (100.0)  

Major Symptoms    
No major symptom 12 4 (33.3)  
1 major symptom 14 9 (64.3) 0.049 
≥2 major symptoms 4 4 (100.0)  

*Habitual snoring: presence of snoring for at least 5 nights per week. †Daytime 
sleepiness: epworth sleepiness scale >10. 
 
approximately 1%–5% of adults.12-14 An epidemiological 
study conducted in our country reported the OSA 
prevalence to be 1.8% .15 
 
In a study conducted by Hasegawa et al16 in 2000, the 
results of polysomnographic examinations conducted on 
seven PTE patients found a moderate and severe OSA 
frequency of 28.6%. In another study from 2002,17 
published as a letter to the editor in JAMA, using 
polysomnographic examination conducted on 68 VTE (58 
PTE, 10 deep vein thrombosis (DVT)) patients, the OSA 
prevalence was much higher (84%) than the results from 
our study (57%). Moreover, in 63% of cases, AHI was 
higher than 15. Based on snoring, morning fatigue, 
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daytime sleepiness, and cognitive impairment, no 
significant difference could be found between the patients 
with OSAS and the patients without OSAS. The average 
age of patients with OSA was higher; however, no 
relationship was found between age and AHI severity. 
Similarly, no relationship was found between AHI, and 
gender, BMI and Epworth sleepiness score. Due to this 
very high OSA prevalence in their results, the authors 
suggested that there might be a relationship between VTE 
and sleep related respiratory disorders.17 

 
In a study by Ambrosetti et al,18 during the 3-year 
follow-up, 89 patients, who were diagnosed by 
polysomnographically with OSA, received CPAP 
treatment and did not have any permanent or temporary 
risk factors, the DVT rate was 0.8% and the PTE rate was 
0.4%, which are higher than in the general population. 
 

In a study conducted by Zhang et al,19 in elderly Chinese 
OSA patients, nCPAP treatment of OSA eliminated the 
tendency towards hypercoagulation and thrombosis for 
patients  also diagnosed to be in a prethrombotic state. 
Recently, a study by Epstein et al,20 investigated the 
relationship between OSA and PTE. In this study, among 
270 patients pre-diagnosed with PTE, 71 patients were 
designated as the study group and 199 patients without 
PTE, made up the control group. The demographic and 
clinical features of all patients were analyzed. Similar to 
our study, based on the univariate analysis, weight and 
OSA risk was significantly higher in patients with PTE. 
Additionally, a relationship between PTE, and male 
gender, hereditary risk factors and heart failure was 
determined. In the multivariant analysis conducted, male 
gender, the presence of hereditary risk factors and OSA 
risk factors were found to be independent risk factors for 
PTE. However, polysomnographic examination was only 
conducted on 32% of patients in this study, and in a 
majority of them OSA risk was evaluated using the Berlin 
questionnaire. Again, in this study, familial risk factors 
and family history of PTE and VTE were evaluated by 
questioning, while the laboratory evaluation for 
thrombophilia was conducted for patients receiving 
treatment.  In our study, laboratory evaluation for 
thrombophilia was not conducted, and in PTE patients 
without any visible major risk factor, OSA was the only 
independent risk factor. 
 
A recent retrospective study by Basenquet et al21 with 840 
patients with VTE suggested a possible link between 
OSA and VTE due to the high prevalence of OSA 
(15.5%) among patients with VTE. Furthermore, 
compared to the control group (without OSA), those who 
had OSA were more obese and had significantly higher 
rates of diabetes, coronary artery disease, and chronic 
heart failure. 
 
It is well known that the main PTE risk factors are based 
on “Virchow’s triad” consisting of endothelial 
dysfunction, hypercoagulability and lower extremity 

stasis. Our study was based on the hypothesis that OSA 
may be an independent risk factor for VTE. Until now, 
there has been significant evidence presented indicating 
OSA leads to endothelial dysfunction, hypercoagulability 
and stasis. In OSA, vascular endothelial function was 
shown to be impaired and directly influenced by an 
increase in endothelin-1 levels causing vasoconstriction 
and a decrease in NO levels.22 In OSA, 
hypercoagulability (measured by increased 
thrombin/anti-thrombin 3 complex, fibrin D-dimer, von 
Willebrand factor) levels were shown to increase, 
independent of gender, age, body mass index, mean 
oxygen saturation and hematocrit levels. Again, in OSA, 
platelet aggregability was suggested to increase 
secondarily to increased nocturnal catecholamine 
levels.23-25 During sleep in patients with OSA, an increase 
in platelet activation and aggregation was shown, which 
could be treated with nasal CPAP therapy.26 In patients 
with severe OSA, as a result of increased platelet 
activation, it is suggested that mean platelet volume 
(MPV) is significantly increased and there is a correlation 
between MPV and AHI.27,28  
 
It is suggested that the relationship between OSA and 
VTE can be explained by hypercoagulability, increased 
plasma fibrinogen levels, platelet activation and 
decreased fibrinolytic capacity.6 In OSA, hemodynamic 
changes were shown to cause a decrease in acute venous 
cycle and chronic venous stasis.29 Again, in patients with 
OSA, CHF was shown to be frequent. Respiration 
disorders were investigated in two large studies, among 
patients with congestive heart failure with systolic 
dysfunction, and OSA was observed in 11% of 81 
patients and 37% of 450 patients.30,31 CHF may play a 
role in PTE etiology by causing venous stasis. Studies 
designed to explain the relationship between OSA and 
VTE are limited. The studies are generally aimed at 
explaining the relationship between OSA and 
cardiovascular diseases.3,32-39  
 
OSA prevalence peaks at age 45–65 years in the general 
population. Based on some publications, after the age of 
65 OSA prevalence decreases.40,41 In our study, among 
PTE cases with OSA, the mean age was 65 years. This is 
associated with our patients being an advanced age group. 
In our study, in the group without a major risk factor for 
PTE, the mean age was significantly higher. This 
situation suggests that the real risk factor for PTE may be 
advanced age. However, as a result of multivariate 
analysis, the real effective factor was OSA. Obesity is 
among the most important factors defined for OSA. In 
those with a BMI above 29, the OSA risk is 8–12 times 
more compared to those who are not obese.42 Obesity is 
also a known factor for PTE. In our study, in the group 
without a known major risk factor for PTE in which OSA 
is seen more frequently, the mean weight was lower. This 
supports the idea that OSA may be a risk factor for PTE, 
independent of weight. However, in patients included in 
our study, in both groups with and without PTE risk 
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factors, the BMI was above 29. Thus, the group included 
in this study consisted of relatively obese patients. 
 
In our study, in the group without PTE risk factors, the 
BUN levels were significantly higher, compared to the 
group with risk factors. However, the mean BUN value 
was within the upper normal limit, and was not at a 
clinically significant level. This may be related to the 
mean age of the group being high. Studies are present 
indicating that PTE risk does not increase in case of renal 
dysfunction.43,44 In our multivariate analysis, in the group 
without PTE risk factor, BUN value was shown not to be 
an independent risk factor for PTE, which is consistent 
with the literature. 
 
In our study, between groups with and without PTE risk 
factors, no difference was determined based on cigarette 
and alcohol use, concomitant disease, and drug use. 
Among the study group, there was no one with a history 
of oral contraceptive use.  
 
The most commonly known symptoms of OSA are 
sleepiness during day time and witnessed apnea. Snoring 
is the most frequently seen symptom in OSA. In patients 
with OSA, habitual snoring is present and irregular 
snoring is typical due to disruptions by frequently 
recurring apnea. 
 
Despite the high OSA prevalence in individuals with 
snoring, the positive predictive value is 63% and negative 
predictive value is 56%.45 In our study, OSA was 
observed in 72.2% of patients with snoring, similar to the 
literature.  
 
Our study has three major limitations. First, there were 
the lack of any laboratory tests regarding hereditary PTE 
risk factors. In our patients, hereditary PE risk evaluation 
was conducted only by recovering the family history in 
anamnesis. However, none of our patients carried the 
features of the special group that is recommended for 
PTE risk factor investigation. Second, it is high mean age 
in patients without known major risk factor for PTE. 
Interaction of age, OSA and PTE with each other was a 
conflicting factor. Even though OSA and age were 
independent risk factors for PTE by univariant analysis, 
the only independent risk factor was OSA in multivariant 
analysis. Third, it is the relatively small number of cases. 
One of the major reasons for this was that a large majority 
of clinical patients were not appropriate for 
polysomnographic assessment. 
 
In patients with PTE, OSA rates were much higher than 
in the general population. Moreover, the rate for patients 
with clinically significant moderate and severe OSA was 
quite high. PTE patients with OSA symptoms and with no 
known major risk factors should be examined for OSA. 
There seems to be a relationship between OSA and PTE. 
However, whether this relationship is a causal 
relationship or a relationship due to common risk factors 

or long-term complications of OSA is not clear. Further 
comprehensive studies on those topics are needed. 
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