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IMPORTANCE Obstructive sleep apnea (OSA) is related to the increased risk of cardiovascular
disease. Although the pathogenesis of this association remains unclear, an alteration in
coagulability is suspected as a link.

OBJECTIVE To investigate the association between the severity of OSA and blood
coagulability.

DESIGN, SETTING, AND PARTICIPANTS A retrospective cohort study conducted at a tertiary
care university hospital evaluated 146 patients with OSA from January 1, 2009, to July 31,
2015. The participants were divided into 4 groups according to the severity of OSA: control,
mild, moderate, and severe.

MAIN OUTCOMES AND MEASURES Association between the severity of OSA and coagulation
test results, including platelet count, bleeding time, prothrombin time (PT) in seconds and as
international normalized ratio (INR), and activated partial thromboplastin time.

RESULTS Of the 146 patients, 135 (92.5%) were men; mean (SD) age was 34.8 (11.1) years. The
control group included 41 (28.1%) patients; mild OSA, 32 (21.9%); moderate OSA, 30
(20.5%); and severe OSA, 43 (29.5%). Significant correlations were found between the
apnea-hypopnea index and the PT seconds (Spearman r coefficient, −0.30; 95% CI, −0.44 to
−0.14) and PT INR (Spearman r coefficient, −0.30; 95% CI, −0.44 to −0.14). There were
significant differences between the OSA severity groups for PT seconds for the control group
(mean, 11.26 [0.78] seconds) vs the moderate OSA group (10.74 [0.62] seconds; mean
difference [MD], 0.52; 95% CI, 0.27 to 1.01) and the severe OSA group (10.67 [0.77] seconds;
MD, 0.59; 95% CI, 0.14 to 1.03). Significant differences were also noted in PT INR between
the control group (1.00 [0.07]) vs the moderate OSA group (0.95 [0.05]; MD, 0.04; 95% CI,
0.01 to 0.07) and the severe OSA group (0.94 [0.07]; MD, 0.05; 95% CI, 0.02 to 0.08).
However, there was no significant difference between the control and mild OSA groups
in PT seconds.

CONCLUSIONS AND RELEVANCE These results suggest that patients with moderate to severe
OSA have elevated blood coagulability markers compared with healthy individuals, which
may contribute to the occurrence of cardiovascular complications.
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O bstructive sleep apnea (OSA) is the most common type
of sleep-disordered breathing, affecting 9% to 15% of
middle-agedadults.1 Obstructivesleepapneaisclinically

important because it has a potential risk of causing a wide range
of comorbidities. Among those possible associated comorbidi-
ties, cardiovascular diseases, including myocardial infarction,
ischemic heart disease, and stroke, can result in high levels of
morbidity and mortality, which require clinical intervention.2-5

Nevertheless, it is unclear how OSA can cause these diseases, and
numerous studies have attempted to determine the underlying
pathogenic mechanism of this undesirable association.

In patients with persistent sleep apnea, several regulatory
mechanisms are disrupted owing to the burden placed on their
systems that is triggered by airway obstruction, including
hypoxemia, hypercapnia, strenuous inspiratory effort, and
arousal from sleep.6,7 These conditions can impose consecu-
tive stress on the hemodynamic and/or autonomic nervous sys-
tems by affecting the peripheral and central chemoreceptors
leading to cardiovascular disease.4,8 Another possible explana-
tion is increased blood coagulability. Hemostatic alterations that
increase the risk of thrombi formation can also be influenced
by chronic inflammation, which is a major pathophysiologic ef-
fect of OSA.9,10 Therefore, hypercoagulability may be a reason-
able link between OSA and cardiovascular complications by con-
tributing to both inflammation and thrombosis. However,
limited data are available regarding the effects of OSA on co-
agulation, and whether OSA predisposes individuals to intra-
vascular thromboembolic disease remains unproven. More-
over, there is scarce evidence regarding the correlation between
the severity of OSA and various clinical blood coagulation tests
that may provide an explanation for the elevated prevalence of
cardiovascular disease in patients with OSA. To address this
knowledge gap, we investigated the association between the
severity of OSA and blood coagulability.

Methods
Patients
From January 1, 2009, to July 31, 2015, we retrospectively ana-
lyzed 183 consecutive individuals who had visited a tertiary
care hospital for treatment of snoring or sleep apnea. The pa-
tients underwent full-night polysomnography and coagula-
tion function tests. Patients with coagulation diseases, liver dis-
ease, diabetes, hypertension, and a history of anticoagulant
medication use or surgery for sleep disorders were excluded.
A total of 146 patients were enrolled and categorized accord-
ing to the apnea-hypopnea index (AHI) into the following
groups of OSA episodes per hour: control (0-5.0), mild (5.0-
14.9), moderate (15.0-29.9), and severe (≥30.0).11

We examined the association between the severity of OSA
and the coagulation test results, including platelet (PLT) count;
bleeding time (BT); prothrombin time (PT), measured in sec-
onds and as international normalized ratio (INR); and acti-
vated partial thromboplastin time (aPTT). This study was ap-
proved by the ethics committee of the Korea University College
of Medicine. The patients provided written informed con-
sent; no financial compensation was provided.

Full-Night Polysomnography
Full-night polysomnography (Alice 4; Respironics) was per-
formed to evaluate sleep structure and respiratory variables
(apnea index, AHI, oxygen desaturation index, and mini-
mum arterial oxygen saturation). Electroencephalography
electrodes were applied at C3/A2, O1/A2, and O2/A1, and
2 electrooculography electrodes were applied at the sides of
both eyes to record horizontal and vertical eye movements.
Submental electromyography electrodes were applied at the
submentalis muscle, and leg movements during sleep were re-
corded via electromyography electrodes from both anterior
tibialis muscles. Strain gauges were used for recording the chest
and abdominal respiratory movements. Airflow was esti-
mated using nasal pressure cannulas and oronasal thermis-
tor. Arterial oxygen saturation was measured using pulse
oximeters placed on the index fingers. The polysomnogra-
phy data were manually scored by a sleep technician and
reviewed by one of us, a certified physician (S.H.L.) in accor-
dance with the criteria of the American Academy of Sleep
Medicine.11 Apnea was defined as a decrease in airflow by 90%
or more that lasts for at least 10 seconds and hypopnea was
defined as a decrease in airflow by 30% or more associated
with a reduction in oxygen saturation of 4% or more for at least
10 seconds. The apnea index was defined as the number of ap-
nea episodes per hour of sleep, and AHI was defined as the
number of apnea and hypopnea episodes per hour. Oxygen de-
saturation index was defined as the number of desaturations
of 4% or more per hour of sleep.

Blood Coagulation Tests
After a fasting period of 12 hours, blood samples were drawn
(21-gauge sterile syringe) from an antecubital vein into citrate
tubes, with patients placed in a seated position at the same time
of day (9:00-10:00 AM). Samples were then centrifuged at
3000g for 10 minutes; the platelet-poor plasma component
was separated and stored at −80°C until further analysis.
After storage, the frozen samples were thawed and measured
(ACL TOP analyzer; Instrumentation Laboratory, Werfen Group,
Barcelona, Spain). The blood coagulation analysis was per-
formed in the hospital laboratory using standard methods. The
following blood coagulation factors were measured: PLT count,
BT, aPTT, and PT in seconds and as INR.

Key Points
Question What is the association between the severity of
obstructive sleep apnea and blood coagulability, which is a
cardiovascular risk marker?

Findings In this cohort study of 146 patients, severity of
obstructive sleep apnea was significantly correlated with
prothrombin time, but not with activated partial thromboplastin
time or platelet count. Patients with moderate to severe
obstructive sleep apnea had elevated blood coagulability markers
compared with control patients.

Meaning Blood coagulation markers increase to a more
procoagulant state in patients with obstructive sleep apnea,
especially those in whom levels were moderate to severe.
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Statistical Analysis
The sample size was estimated by G*Power, version 3.1.9 (Franz
Faul, Kiel University) with power = 0.80, α = .05, and effect
size = 0.285 (estimated from results of a previous study) for a
2-tailed correlation analysis (target sample size, 94).12 SPSS,
version 20 (IBM Corp) was used to analyze the data. The con-
tinuous variables are described as means (SDs). The variables
were investigated using analytical methods (Kolmogorov-
Smirnov and Shapiro-Wilk tests) to determine normality.
Differences between groups were identified by analysis of
variance or Kruskal-Wallis test (in the case of nonnormality)
followed by post hoc comparisons (Tukey honest significant
difference test and Bonferroni-adjusted Mann-Whitney
test). The adjusted α level was set at 0.0083. The Pearson or
Spearman correlation test (in case of nonnormality) was used
to assess the correlation between variables (coefficient, r). In
all cases, 95% CIs were determined to estimate the effect size
and mean differences.

Results
Demographic and Polysomnography Data
A total of 146 patients (135 [92.5%] men and 11 [7.5%] women;
mean [SD] age, 34.8 [11.1] years) were evaluated. Mean (SD)
body mass index (calculated as weight in kilograms divided
by height in meters squared) was 26.0 (3.4). The participants
were categorized according to the severity of OSA: there were
41 (28.1%) control patients, 32 (21.9%) with mild OSA, 30
(20.5%) with moderate OSA, and 43 (29.5%) with severe OSA.
Other sleep and respiratory variables are reported in Table 1.

Correlation Between AHI Score and Coagulation Test
There was a significant correlation between AHI and the co-
agulation test results, including PT seconds (Spearman r, −0.30;
95% CI, −0.44 to −0.14), and PT INR (Spearman r, −0.30; 95%
CI, −0.44 to −0.14). Because PT seconds and PT INR both in-
dicate the function of extrinsic and common coagulation path-
ways, the strength of the association with AHI was similar.
However, a significant correlation was not found between AHI
and BT (Spearman r, −0.07; 95% CI, −0.23 to 0.09), PLT count
(Spearman r, 0.17; 95% CI, 0.01 to 0.32), or aPTT (Pearson r,
0.08; 95% CI, −0.08 to 0.24) (Figure 1).

Coagulation Test Results According to AHI Grade
The post hoc analysis revealed that the duration of PT sec-
onds of the control group was significantly longer than that of
the moderate OSA group (mean difference [MD], 0.52; 95% CI,
0.27 to 1.01) and the severe OSA group (MD, 0.59; 95% CI, 0.14
to 1.03). With regard to the PT INR, the ratio in the control group
was greater than that of the moderate OSA group (median dif-
ference, 0.04; 95% CI, 0.01 to 0.07) and the severe OSA group
(median difference, 0.05; 95% CI, 0.02 to 0.08) (Figure 2). The
magnitude of MDs between the control group and moderate
or severe OSA groups was comparable. However, there was no
significant difference between the control group and the mild
OSA group for PT seconds (MD, 0.34; 95% CI, −0.14 to 0.82)
and PT INR (median difference, 0.03; 95% CI, −0.01 to 0.07).
Other results of coagulation tests are reported in Table 2.

Other Polysomnography Variables and Coagulation Function
The oxygen desaturation index level showed a significant
association between the PT seconds (Spearman r, −0.29;

Table 1. Demographic and Polysomnography Characteristics of 146 Patients

Characteristic

Mean (SD)

Control Mild OSA Moderate OSA Severe OSA
Demographic variables

Patients 41 (28.1) 32 (21.9) 30 (20.5) 43 (29.5)

Age, y 28.9 (10.5) 35.9 (10.4) 37.7 (10.8) 37.7 (10.6)

Sex, No. (%)

Men 31 (75.6) 32 (100) 30 (100) 42 (97.7)

Women 10 (24.4) 0 0 1 (2.3)

BMI 24.15 (2.80) 25.53 (2.62) 25.63 (2.65) 28.3 (3.63)

Sleep variables

TST, min 376.21 (90.41) 385.27 (85.12) 404.94 (44.59) 383.6 (65.65)

SE, % 85.65 (12.35) 86.7 (8.10) 89.23 (5.87) 85.3 (11.49)

Sleep stage, %

1 17.96 (10.35) 25.82 (9.85) 29.11 (10.32) 50.6 (17.99)

2 60.57 (7.62) 55.14 (7.93) 51.89 (8.29) 32.8 (16.21)

3 4.949 (6.06) 1.30 (2.58) 1.16 (3.03) 1.11 (2.81)

REM 16.52 (5.82) 17.73 (6.20) 17.84 (4.75) 14.6 (4.25)

Arousal index, episodes/h 18.97 (9.69) 27.58 (9.67) 32.35 (9.37) 64.11 (23.30)

Respiratory variables

AHI, episodes/h 1.77 (1.14) 9.41 (2.57) 21.93 (4.87) 61.31 (24.97)

AI, episodes/h 0.83 (1.14) 5.05 (2.90) 15.09 (6.57) 50.87 (28.70)

RDI, episodes/h 12.00 (8.26) 24.67 (8.06) 33.05 (7.61) 67.43 (22.20)

Min SaO2, % 90.66 (4.25) 85.81 (7.59) 81.10 (6.57) 70.33 (16.67)

Snoring, % 21.33 (17.60) 33.48 (18.88) 38.75 (18.12) 26.17 (14.86)

Abbreviations: AHI, apnea-hypopnea
index; AI, apnea index; BMI, body
mass index (calculated as weight in
kilograms divided by height in meters
squared); Min SaO2, minimum
saturation of arterial blood;
OSA, obstructive sleep apnea;
RDI, respiratory disturbance index;
REM, rapid eye movement; SE, sleep
efficiency; TST, total sleep time.
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95% CI, −0.43 to −0.13), and INR (Spearman r, −0.29; 95%
CI, −0.43 to −0.13). Minimum oxygen saturation also showed
a statistically significant correlation with PT seconds (Spear-
man r, 0.26; 95% CI, 0.09 to 0.41) and PT INR (Spearman r,
0.26; 95% CI, 0.10 to 0.41), but not with the PLT count
(Spearman r, −0.10; 95% CI, −0.24 to 0.09) (Figure 3). Bleed-
ing time and aPTT did not show any statistically significant
correlation with either the oxygen desaturation index and
minimum oxygen saturation.

Discussion

Our results suggest that blood coagulation test results in-
crease to a more procoagulant state in patients with OSA, es-
pecially in the moderate to severe OSA groups, as estimated
by AHI. Among the coagulation variables, PT seconds and PT
INR were significantly correlated with the severity of OSA,
while aPTT, BT, and PLT count showed no association.

Figure 1. Correlation Between the Apnea-Hypopnea Index Grades and Coagulation Test Results
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Figure 2. Results From the Coagulation Tests According to the Apnea-Hypopnea Index (AHI) Grade
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Table 2. Results of Coagulation Tests According to the Apnea-Hypopnea Index Grade

Coagulation Test Control Mild OSA Moderate OSA Severe OSA
PLT count, ×103/μL 228 (146-329) 222 (155-333) 230 (135-401) 247 (126-387)

MPV, fL 8.2 (6.8-10.4) 8.0 (7.1-9.4) 8.4 (7.1-11.1) 8.1 (6.9-10.6)

BT, s 122 (84-231) 131 (97-214) 117 (84-183) 120 (70-295)

PT seconds

Median (range) 11.2 (10.1-13.1) 10.8 (9.1-13.6) 10.7 (9.9-12.2) 10.6 (9.6-12.8)

Mean (SD) 11.26 (0.78) 10.92 (0.95) 10.74 (0.62) 10.67 (0.77)

PT INR

Median (range) 1.00 (0.90-1.16) 0.96 (0.81-1.20) 0.95 (0.87-1.08) 0.94 (0.85-1.13)

Mean (SD) 1.00 (0.07) 0.97 (0.08) 0.95 (0.05) 0.94 (0.07)

aPTT, s

Median (range) 31.6 (25.3-37.0) 32.3 (23.8-37.9) 30.2 (25.1-34.5) 31.5 (25.6-37.6)

Mean (SD) 31.26 (2.64) 31.93 (3.38) 30.26 (2.11) 31.45 (2.45)

Abbreviations: aPTT, activated partial
thromboplastin time; BT, bleeding
time; INR, international normalized
ratio; MPV, mean platelet volume;
OSA, obstructive sleep apnea;
PLT, platelet; PT, prothrombin time.

SI conversion factor: To convert
platelets to ×109/L, multiply by 1.
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Because cardiovascular disease is one of the most crucial
complications of OSA, many studies have attempted to ex-
plain the correlation between the diseases. It remains uncer-
tain whether OSA acts as an independent risk factor for car-
diovascular disease. However, several studies reported an
increased risk of cardiovascular disease in patients with OSA,
even after adjusting for the well-known risk factors of cardio-
vascular disease, such as hypertension, hyperlipidemia,
diabetes, and smoking.13,14

There are several proposed underlying mechanisms for the
occurrence of cardiovascular disease in OSA. For example,
acute hemodynamic changes during episodes of apnea, de-
creased cerebral blood flow, paradoxical embolization, ath-
erosclerosis, hypoxia-related cerebral ischemia, and hyperco-
agulability are the suggested mechanisms.13,15,16 Although it
is yet less studied, increased coagulability has emerged as a
possible mediator of cardiovascular pathophysiology in OSA,
and evidence is accumulating. Previous epidemiologic stud-
ies have shown that a disrupted coagulation system is a sig-
nificant risk factor for cardiovascular disease.17,18 Investiga-
tion has shown that the level of fibrinogen—the end product
of the coagulation pathway—was positively correlated with the
respiratory disturbance index in patients with OSA who had a
history of stroke.19 Saygin et al20 reported that the PLT count
was associated with the severity of OSA in patients with car-
diovascular disease, but no correlation was found in patients
without cardiovascular disease.

Our study also displayed some association between the
blood coagulation factors and OSA; this finding is in accord with
other published data. Furthermore, after dividing the pa-
tients with OSA into groups based on AHI severity, there was
a significant difference in the coagulability of the moderate to
severe OSA groups, compared with that of the control group,
whereas the mild OSA group did not show any significant dif-
ference. This finding may indicate the underlying pathophysi-
ologic mechanism of inducing cardiovascular complications.
Several previous reports demonstrated that the majority of the

cardiovascular complications were connected with severe OSA
rather than with mild OSA. In an 18-year mortality follow-up
study, Young et al21 reported that the adjusted hazard ratio for
cardiovascular mortality association for patients with severe
OSA (AHI≥30) was 5.2 (95% CI, 1.6-9.0), but the findings in
those with mild OSA were negligible. It was determined that
there was no significant change in cardiovascular mortality of
patients with mild to moderate OSA, whereas those with se-
vere OSA showed significant differences in outcome follow-
ing continuous positive airway pressure (CPAP) treatment. As
such, greater attention should be paid to patients with severe
OSA, since it is an independent predictor for risk for cardio-
vascular mortality.3,4,22 In a prospective observational study
of 166 patients with a history of ischemic stroke, the group of
patients with an AHI of 20 or greater and poor tolerance of CPAP
showed higher rates of mortality after 5 years of follow-up than
did those with an AHI of less than 20 or patients who toler-
ated CPAP.23 Therefore, in terms of its influence on the con-
cordant, severe cases, this finding may reflect the effects of
increased blood coagulability markers as an important candi-
date mediator on inducing cardiovascular complications in pa-
tients with OSA.

The hypercoagulable state usually occurs with genetic con-
ditions, such as coagulation factor mutation, deficiencies of
natural proteins that prevent clotting, and an abnormal fibri-
nolytic system. In addition, hypercoagulability can be ac-
quired following surgery, trauma, cancer, pregnancy, or medi-
cation use.24,25 Unfortunately, the mechanism of how OSA
elicits the hypercoagulable state remains vague. In account-
ing for the induction of the hypercoagulable state, Eisensehr
et al26 implicated the interplay between coagulation and the
sympathetic nervous system. They demonstrated that the ac-
tivation of hemostasis was induced by the morning epineph-
rine surges in patients with severe OSA. Evidence has also
suggested that OSA was an independent risk factor of exces-
sive platelet activation and arterial thrombosis.27 Further-
more, repeated episodes of nocturnal hypoxia lead to a

Figure 3. Correlation Between the Minimum Arterial Blood Saturation (Min SaO2)
and the Coagulation Test Results
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hypercoagulable state that predisposes patients to throm-
botic events.28 Most studies are underpinned by the concept
that the procoagulant state is induced by OSA; however, the
lack of adequate control remains the major drawback in ex-
plaining the correlation between OSA and coagulation.

In our study, PT was shortened, but aPTT did not show any
difference in patients with moderate to severe OSA com-
pared with the control group. Because the PT, aPTT, and BT
levels indicate the actual time of coagulation in certain cir-
cumstances, the difference in PT level is clinically significant
even though data are within the reference range. In addition,
PT is an important factor, as it reflects the function of the
extrinsic and common coagulation pathways.29,30 Robinson
et al31 reported increased levels of extrinsic coagulation fac-
tor VII in patients with OSA compared with the controls,
whereas levels of factor VIII, an intrinsic factor, did not show
any difference. It was also demonstrated that the increase in
the levels of factor VII was reversed after nasal CPAP treat-
ment in patients with OSA.32 An acquired PT abnormality while
aPTT is normal often indicates liver damage, deficiencies in
clotting factors and vitamin K, or the use of medication.30 How-
ever, these conditions promote the elongation of PT rather than
its contracture.

It is known that chronic inflammatory responses are of-
ten associated with the activation of coagulation.33,34 One of
the primary proposed mechanisms of hypercoagulability in in-
flammatory conditions is tissue factor–mediated thrombin pro-
duction, which is induced by proinflammatory cytokines.13,19,35

Because tissue factor also initiates the extrinsic coagulation
pathway, inflammatory response can be an etiologic factor for
PT shortening that occurs when the extrinsic coagulation path-
way is activated. Studies demonstrated that the endothelial
dysfunction caused by the intermittent hypoxia of OSA may

initiate the extrinsic pathway.36,37 Systemic inflammatory pro-
cesses have been shown as the key contributors to the patho-
genesis of OSA.10,38 Therefore, in our study, shortening of the
PT in patients with OSA may be due to the underlying chronic
inflammatory processes of OSA.

Limitations
Because this was a retrospective study, the causal association
between OSA and coagulation is difficult to establish. This fact
may limit the interpretation of our results. However, several
studies have demonstrated that a change in coagulability was
evident, and a prospective study showed that thrombus for-
mation was reduced following CPAP; this finding may sug-
gest that there is a causal association between OSA and blood
coagulation.39,40 Another limitation of this study is potential
confounding of the association between AHI and coagulation
measures by age, body mass index, smoking status, and/or
other potential confounding variables. Further intervention
studies, including additional investigation into possible con-
founding factors that requires a larger sample size, are needed
to clearly elucidate and explain the contribution of coagula-
tion to the incidence of cardiovascular diseases in OSA.

Conclusions
This study has shown that there is a correlation between
OSA and the coagulation system. The AHI level was corre-
lated with the PT level, which represented extrinsic coagula-
tion pathway function, whereas there was no observed corre-
lation with BT or aPTT level. Patients with severe OSA may have
elevated coagulability levels, particularly in the length of PT,
compared with those without OSA.
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