Review

Hypercoagulability in obstructive sleep
apnea syndrome
Konstantina Nikolaou1 MD,
Ioanna Sigala2,
Paschalis Steiropoulos1 MD, PhD, FCCP

1
Master of Science in Sleep Medicine (MSc
Programme), Medical School, Democritus
University of Thrace, Alexandroupolis, Greece
2
Medical School, Democritus University of
Thrace, Alexandroupolis, Greece

Key words:
- Platelets
- Platelet activation
- Fibrinogen
- Obstructive sleep apnea syndrome
- Hypercoagulability

Correspondence:
Paschalis Steiropoulos, MD, PhD, FCCP
Medical School, Democritus University of Thrace
Dragana 68100, Alexandroupolis, Greece
Tel.: +30 2551030377
E-mail: pstirop@med.duth.gr, steiropoulos@yahoo.com

ABSTRACT
Obstructive sleep apnea syndrome (OSAS) is characterized by repetitive episodes of upper airway obstruction, leading to intermittent
hypoxia, hypercapnia and increased sympathetic nervous system
activity and proposed to induce platelet activation. Additionally,
OSAS has been linked to increased cardiovascular mortality and
morbidity. Blood coagulation abnormalities have been suggested
to play a fundamental role in increased cardiovascular risk in OSAS
patients. The aim of the present review was to summarize the current evidence that revealed the pathogenetic alterations in blood
coagulation in patients with OSAS.
Pneumon 2016, 29(1):22-26.
INTRODUCTION
Obstructive sleep apnea syndrome (OSAS) is characterized by recurrent
episodes of complete or partial collapse of the upper airway during sleep,
resulting in apneas or hypopneas, respectively. Repetitive episodes of obstruction, which lead to intermittent hypoxia and increase in carbon dioxide
levels, result in frequent arousals from sleep and consecutively to increased
activity of the sympathetic nervous system1. Increased cardiovascular morbidity and mortality is observed in OSAS2,3 but it is hard to determine if this
is attributed solely to OSAS rather than to other cardiovascular risk factors
such as central obesity, insulin resistance, increasing age, alcohol consumption and cigarette smoking. The abovementioned factors have been linked
to coagulation abnormalities, (i.e. increased blood viscosity and excessive
platelet activation) that occur in OSAS as well. It was suggested that blood
coagulation abnormalities and specifically increased blood clotting, caused
by changes in rheological properties of blood and plasma, is an important
factor linking OSAS and cardiovascular complications. Aim of our review
was to summarize the current evidence about the relationship between
the pathogenetic alterations in blood coagulation and patients with OSAS.
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Platelet activation in OSAS
During normal sleep, platelet aggregability is decreased4. The immediate physiological consequences of
OSAS such as nocturnal hypoxia, haemodynamic changes
and sleep disruption can lead to increased sympathetic
activity shown by increased epinephrine levels in OSAS patients5. Subsequently, it is hypothesized that the increased
sympathetic activity can induce an increase in platelet
activation, especially during sleep6. Elevated circulating
catecholamines cause concentration-dependent platelet
activation in vitro and in vivo7. The epinephrine-induced
platelet responses are more effectively blocked by yohimbine and rauwolscine than by prazosin, indicating
that epinephrine stimulates human blood platelets by
an a2-adrenergic receptor mechanism8 and induces fibrinogen receptor exposure on the platelet surface and
fibrinogen binding9.
Geiser et al10 examined in vivo platelet activation and
platelet-derived microparticles (PMP) using flow cytometry in 12 patients with untreated OSAS during and after
sleep. They confirmed that platelet activation is enhanced
during sleep when the pathophysiological changes in
patients with OSAS are maximal, also representative data
for the status of platelet activation during sleep were
extracted, by drawing the blood samples during sleep.
They have shown that highest levels of platelet activation
6 hours after sleep onset, which corresponds to the time
point they chose for blood sampling (04.00), even with
the limitation that an alteration in platelet function cannot be excluded using a continuously placed peripheral
intravenous catheter than direct venipunctures.
In the same study10 platelet activation was furthermore
examined studying platelet glycoprotein alterations
during in vivo platelet activation. The two independent
antibodies used to determine in vivo platelet activation
are specific for activated platelets: P-selectin (CD62P) is
released on the platelet membrane, whereas CD63 is
exposed on the platelet membrane after lysosome degranulation. The fact that similar results were obtained
using different activation-dependent antibodies further
supports the previous hypothesis that OSAS patients have
increased platelet activation during sleep11. In order to
study the effect of treatment with continuous positive
airway pressure (CPAP), the measurements were repeated
at the same time points after initiation of effective CPAP
therapy. Platelet activation was lower during sleep on
CPAP, although this difference did not reach statistical
significance.
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A study by Bokinsky et al12 examined patients with
suspected OSAS. Blood was drawn for spontaneous platelet
aggregation (sAGG) and activation (sACT) measurements
at hourly intervals during diagnostic polysomnography
(PSG) and, in patients with confirmed OSAS, on a separate
night during which CPAP treatment was applied. They
found that there is a significant increase in sACT and, to
a lesser extent, in sAGG, during sleep of OSAS patients
compared to presleep baseline values12. Due to the lack
of previously published relative studies, it cannot be
stated with certainty whether this finding represents a
pathological process or circadian variation of platelet
function. However, in five additional subjects without
OSAS, there was a rise in sACT during sleep to a smaller
extent. This finding, in conjunction with the large rise seen
in OSAS patients, suggests that the observed changes
were pathologic sequelae of sleep apnea, rather than a
normal response to sleep.
Sanner et al13 measured platelet aggregability to
epinephrine, collagen, arachidonic acid and adenosine
diphosphate in vitro in 17 male patients with polysomnographically confirmed OSAS and compared with that
of 15 male controls at 20.00h, 24.00h and 06.00h. The
results indicate that in vitro platelet aggregability is
altered in patients with OSAS. While it usually decreases
overnight, as previously described in healthy males and
confirmed in the controls, it increased slightly, although
not significantly, in OSAS patients.
A more recent study by Nena et al14 in a large line of
610 non-diabetic subjects with suspected OSAS, Mean
Platelet Volume (MPV) and Platelet Distribution Width
(PDW), both indices of platelet activation are higher in
patients with severe OSAS and correlated with different
parameters of breathing function during sleep.

Blood Viscosity
Blood viscosity is defined as the inherent resistance
of blood to flow and it is determined by plasma viscosity,
hematocrit and the mechanical behavior of erythrocytes15.
Normal adult blood viscosity is 40/100 and reported in
units of millipoise. Increased blood viscosity is the only
biological parameter linked with all other major cardiovascular risk factors, including elevated blood pressure,
elevated LDL cholesterol, low HDL cholesterol, type-II
diabetes, metabolic syndrome, obesity, smoking, age,
and male gender. Furthermore, high blood viscosity has
been shown to be present in OSAS patients16.
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Fibrinogen

D-dimerS

Fibrinogen affects blood coagulation, blood rheology,
as well as platelet aggregation and it has direct effects
on the vascular wall and it is a prominent acute-phase
reactant. In addition, fibrinogen is closely linked to atherosclerosis and prospective epidemiological trials suggest
it as a major independent cardiovascular risk factor17.
In another study18 increased levels of ﬁbrinogen and
hematocrit in 11 patients with OSAS in the morning were
found, suggesting increased blood viscosity. Similarly,
more recent data19 showed that ﬁbrinogen and blood
viscosity were increased at the morning in a group of 12
patients with OSAS but not in a group of 8 healthy controls.
On accordance20 elevated plasma ﬁbrinogen levels in
stroke patients are accompanied by a higher incidence of
OSAS. This data conﬁrmed a positive correlation between
the plasma ﬁbrinogen concentration and the number
and duration of recorded respiratory events during sleep,
and a negative correlation with minimum and average
blood oxygen saturation. The authors suggest that high
concentrations of ﬁbrinogen may lead to an increased
incidence of vascular disease in OSAS.
A study by Zhang et al21 reported similar results. The
biochemical characteristics of a prothrombotic state
were evaluated in a group of 16 OSAS patients (mean age
63.4±4 years) before and after 30 days of CPAP therapy and
compared the results to those of healthy, age-matched
controls. Before CPAP therapy, they conﬁrmed a statistically signiﬁcant increase in hematocrit, blood viscosity and
platelet aggregation in OSAS patients. The 30-day CPAP
therapy resulted in a morning reduction of hematocrit,
total blood viscosity and platelet aggregation.

D-dimers is a degradation product of fibrin and represent a marker of various thrombotic states. Shitrit et al25
in a study of 103 patients with OSAS demonstrated an
inverse relationship between d-dimer levels and oxygen
saturation, although no correlation was found between
those levels and AHI. Furthermore, in a study of 64 subjects by Von Kanel et al26, d-dimer levels were correlated
with poor sleep quality.

Type 1 plasminogen activator inhibitor
(PAI-1)
Increased levels of type 1 plasminogen activator
inhibitor (PAI-1) nominate decreased fibrinolytic activity.
In a study of Von Kanel et al22 higher PAI-1 levels were
found in OSAS patients. Furthermore, the severity of
OSAS seemed to be independently associated with PAI-1
concentration22. Zammaron et al23 presented similar findings, in a study of male patients with OSAS and arterial
hypertension. Additionally, the results of the Cleveland
Family Study in 537 patients with OSAS, suggested a
dose-depended relationship between PAI-1 levels and
AHI, until an AHI ≤15/h24.

Effect of CPAP treatment on haemostasis
Factor VII clotting activity (FVIIc) is an independent risk
factor for ischaemic heart disease and it strongly predicts
fatal episodes27. Chin et al28 studied the effects of CPAP
treatment on FVIIc in 15 patients with OSAS before and
after 1 and 6 months after CPAP initiation. The levels of
FVIIc were found to be significantly decreased in patients
with severe OSAS during CPAP treatment, a finding that
could indicate an improvement in those patients28.
Similar were the results of another randomized study
by Robinson et al29 who found raised baseline levels of VII
factor in untreated OSAS patients, suggesting a potential
mechanism for the increased vascular risk, via activation
of the coagulation pathways and clot generation. The
levels of VII factor were decreased in the group treated
with subtherapeutic CPAP, but not in those treated with
therapeutic CPAP.
Another important finding reported was the marked
reduction in sACT and sAGG following CPAP the application12. Sanner et al13 proved that the normal diurnal pattern
could be restored with long-term therapy of OSAS over 6
months. Furthermore, treatment with CPAP significantly
decreased mean platelet aggregability at 24:00h and
06:00h. The extent of the in vitro CPAP-induced decrease
in aggregability was small, and the measured variables
at baseline were generally within the established normal
range.
Reinhart et al30 described the effect of 6 months of
CPAP therapy on morning plasma viscosity in a group of
13 patients with OSAS in comparison to 8 controls. Morning plasma viscosity was found to be higher in patients
with OSAS and was correlated with ﬁbrinogen levels.
Furthermore, blood viscosity and platelet activity were
normalized after CPAP treatment to levels comparable
to those of healthy controls, suggesting that short-term
CPAP therapy is effective in reducing blood viscosity in
OSAS patients.
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The findings on fibrinogen levels remain controversial.
Chin et al18 reported a decrease in elevated fibrinogen
levels after CPAP treatment in 11 patients with OSAS,
however, similar results were not reproduced in the study
by Robinson et al29.
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CONCLUSIONS
There is an increasing interest about the pathogenetic
mechanisms of OSAS in both cardiovascular morbidity
and mortality. However, the independent role of OSAS
on increased blood coagulability remains unclear, mainly
due to the coexistence of other cardiovascular risk factors30,31, the lack of correlation between markers such as
fibrinogen and severity of sleep disorder breathing in
children32 and the incomplete normalization of coagulation after CPAP treatment33. Further research is required
to establish the practical value of biomarkers associated
with coagulation in OSAS34,35.
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