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ABSTRACT: Patients with obstructive sleep apnoea syndrome (OSAS) are subject to
an increased cardiovascular morbidity including myocardial infarction and stroke.
Platelets play an important role in the pathogenesis and triggering of acute cardio-
vascular syndromes. So far, the influence of OSAS on platelet function is not fully
understood.

Platelet aggregability to epinephrine, collagen, arachidonic acid, and adenosine
diphosphate in vitro was measured in 17 consecutive male patients (53.0�2.1 yrs) with
polysomnographically verified OSAS and compared with that of 15 male controls
(50.1�3.6 yrs) at 20:00 h, 24:00 h, and 06:00 h. In addition, the long-term effects of
continuous positive airway pressure (CPAP) therapy on platelet aggregability was
assessed after 6 months.

Platelet aggregation in vitro induced by epinephrine showed a slight increase
overnight in the untreated OSAS patients (NS) whereas it decreased slightly (NS) in the
controls and in the treated OSAS patients. Pretherapeutic platelet aggregability was
significantly lowered by CPAP therapy both at 24:00 h (64.0�6.5 versus 55.3�6.7%,
p<0.05) and at 06:00 h (64.1�6.5 versus 45.8�7.6%; p=0.01). Platelet aggregability
during sleep in the controls resembled that found in patients with OSAS during CPAP
therapy.

The results suggest that obstructive sleep apnoea syndrome contributes, at least in
part, to platelet dysfunction and that long-term continuous positive airway pressure
treatment may reduce platelet aggregability.
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Obstructive sleep apnoea syndrome (OSAS) is a com-
mon health burden. It is estimated that 2% of females and
4% of males meet the minimal diagnostic criteria for this
syndrome [1]. Patients with OSAS suffer from a decre-
ased daytime performance and an impaired quality of life
[2]. OSAS has also gained interest because patients are
prone to an increased cardiovascular morbidity. Causal
relations with systemic hypertension, pulmonary hyper-
tension, coronary artery disease, and right ventricular
dysfunction are being discussed [3±8]. There also seems
to be an increased risk of myocardial infarction and stroke
[9, 10] and it is hypothesized that this cardiovascular mor-
bidity is responsible for a reduced cumulative survival
rate in OSAS patients [11±13].

Platelets play an important role in the pathogenesis of
cardiovascular disease. Blood platelet dysfunction has rec-
eived attention as a potential cause of increased cardio-
vascular morbidity not only in essential hypertension but
even in apparently healthy middle-aged males [14, 15].
Since platelet aggregability plays an important role in the
pathogenesis of atherosclerotic vasoocclusive disease, the
question arises whether an altered platelet aggregability
may contribute to the increased cardiovascular morbidity
in OSAS patients, too. Therefore, the platelet aggreg-
ability in untreated and treated OSAS patients as well as
in healthy subjects was measured. The authors found that

treatment of OSAS by CPAP decreases platelet aggreg-
ability and restores the physiological diurnal pattern of
platelet aggregability.

Patients and methods

Seventeen consecutive male patients with a mean age of
53.0�2.1 yrs (range, 35±66 yrs) and a mean body mass
index of 32.8�1.5 kg.m-2 (range, 25.5±50.5 kg.m-2) were
included in the study. They had all been referred to the
sleep laboratory for snoring, suspected OSAS, or excessive
daytime sleepiness and had significant symptomatic OSAS
(Epworth Sleepiness Scale $10) with an apnoea/hypop-
noea index $10/h of sleep requiring CPAP therapy. Fif-
teen male patients with a mean age of 50.1�3.6 yrs (range,
26±83 yrs) and a mean body mass index of 24.7�0.8 kg.m-2

(range, 20.8±30.9 kg.m-2) without any history of snoring,
witnessed apnoea, or hypersomnia served as controls.

Exclusion criteria were the intake of non-steroidal in-
flammatory drugs or glucocorticoids within 14 days prior
to the study day, age <18 yrs, smoking or tobacco use, or a
known or newly verified coagulation or platelet disorder.
Patients with OSAS and craniofacial malformations or
other conditions that make CPAP treatment impossible, or
with cancer, and those who did not tolerate CPAP therapy,
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in whom CPAP was not effective, or in whom an insuf-
ficient compliance to follow-up was to be expected bec-
ause of either distance or unreliability were also excluded
from the study. No patient was receiving sedatives or
muscle relaxants. There were no shift workers in the popu-
lation. A change of medication was not allowed during
follow-up.

The study protocol was approved by the local Ethics
Committee. Informed consent was obtained from all
patients before entry into the study.

Polysomnography

All patients underwent overnight polysomnography
(Somnostar 4100, SensorMedics Co., Yorba Linda, CA,
USA) according to widely accepted methods [16]. It con-
sisted of a continuous polygraphic recording from surface
leads for electroencephalography, electrooculography,
submental and leg electromyography, and electrocar-
diography, and from noninvasive sensors for nasal and
oral airflow (thermistor), tracheal sounds (microphone),
thoracic and abdominal respiratory movement (induc-
tance plethysmography), and oxyhaemoglobin level
(Sat-TrakTM, finger-pulse oximeter, SensorMedics Co.,
Yorba Linda, CA, USA). The transducers and lead wires
permitted normal positional changes during sleep. Bed-
time was between 22:00 h and 24:00 h and awakening
time was at 06:00 h (time of the last venipuncture).
Polysomnography was terminated after final waking. The
entire recording was supervised by a technician.

Polysomnography records were scored in 30-s periods
for sleep, breathing, and oxygenation. According to the
commonly used clinical criteria [17], a breathing event
during objectively measured sleep was defined as abnor-
mal if either a complete cessation of airflow lasting 10 s
or more took place (apnoea) or a reduction in respiratory
airflow of 50% or more lasting longer than 10 s could be
discerned (hypopnoea). Obstructive apnoea was defined
as absence of airflow in the presence of paradoxical chest-
wall motion. The average number of episodes of apnoea
and hypopnoea per hour of sleep (apnoea/hypopnoea
index) was calculated. OSAS was diagnosed when the
apnoea/hypopnoea index was $10/h, associated with
typical clinical features. Sleep was staged manually using
the method of RECHTSCHAFFEN and KALES [18].

Blood sample collection

Blood samples were drawn without using a tourniquet
from an antecubital vein in the supine position, with use of
a 21-gauge needle on the night of polysomnographic
evaluation (in patients with OSAS) at 20:00 h, 24:00 h, and
06:00 h. Separate venipunctures were performed at each
time point. A 9-mL sample for platelet-aggregation studies
was collected in a plastic syringe containing 1 mL of 3.8%
sodium citrate.

Platelet aggregometry

The blood was immediately centrifuged for 10 min at
1003g to obtain platelet-rich plasma. The platelet-rich

plasma was then transferred by pipette to a polystyrene
tube, which was tightly capped. Platelet-poor plasma was
obtained by centrifuging plasma for 15 min at 1,5003g.
Platelet concentration was adjusted to 2.53108 cells.mm2

with platelet-poor plasma. Aggregometry was performed
according to the method of BORN [19], with use of PAP-4
aggregometer (Moelab, Hilden, Germany), at 378C with
1-mL silicon-treated cuvettes and rotating bars (1,000
revolutions per minute). Aliquots of platelet-rich plasma
were zeroed against autologous platelet-poor plasma
solution so that the platelet-rich plasma gave no light
transmittance and the platelet-poor plasma gave 100%
light transmittance. The first aliquot of 0.45 mL was
mixed with a 0.05-mL volume of 1.5 mM.L-1 arachidonic
acid to determine whether the subject had taken a non-
steroidal inflammatory drug in the 14 days before the
study. Epinephrine, adenosine diphosphate (ADP), and
collagen (Bio/Data Corp., Hatboro, PA, USA) were used
as aggregating reagents with a final concentration of 10.0
mM (epinephrine and ADP) or 95 mg (collagen). To
minimize inherent variations in aggregation response, the
studies using epinephrine were started 60 min after
venipunctures and were completed within 90 min of
venipuncture.

Data were expressed as the change in optical density or
transmittance per minute (slope) and as maximal aggrega-
tion (%). Platelet aggregation may have a primary and a
secondary wave. The measurements of slopes were carried
out on the primary and secondary wave, and maximal
aggregation reflects the intensity of the total wave of
aggregation.

Follow-up

All 17 patients with symptomatic OSAS treated with
CPAP were followed for 6 months and then reevaluated by
polysomnography and platelet aggregometry. Compliance
with prescribed CPAP therapy was based on the actual
hours of CPAP usage as registered by an integrated hour
meter. Subjective sleepiness was again determined on the
Epworth Sleepiness Scale.

Statistical analyses

Results are given as means�SEM. All p-values reported
are two-tailed. Statistical analyses were performed with
the computer software SPSS for Windows (SPSS,
Chicago, IL, USA). Intergroup differences were analysed
with Student's t-test for paired or unpaired samples as
appropriate, with Bonferroni's correction for multiple
comparisons. The relationships between aggregation
parameters and the severity of OSAS were explored by
univariate regression analyses.

Results

Out of the 17 patients with OSAS, 9 were being treated
for systemic hypertension (7 with angiotensin converting
enzyme inhibitors, 4 with calcium channel blockers, 3 with
a beta blocking agent) at the time of the study, 1 patient
had diabetes mellitus that was treated with insulin. Three
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controls were treated for systemic hypertension (2 with
angiotensin converting enzyme inhibitors, 1 with a beta
blocking agent). No treatment with medication was stop-
ped for the purpose of this study. Patients with OSAS and
the controls did not differ with respect to age, but the body
mass index was higher in the OSAS group.

Sleep analysis

All 17 patients had polysomnographically verified sym-
ptomatic OSAS with a mean apnoea/hypopnoea index of
32.2�4.2/hr of sleep (table 1). Apnoeic episodes were
accompanied by mean minimal oxygen saturation of
77.4�3.6%.

Platelet aggregometry

Aggregation in vitro was performed with platelets adjus-
ted to 2.53108 cells.mm2. Aggregation induced by arac-
hidonic acid, ADP, and collagen in vitro did not change
significantly in the OSAS or control patients from 20:00 h
to 24:00 h or 06:00 h, respectively. Likewise, when sti-
mulated in vitro with epinephrine, there was no significant
change in overnight aggregability in the OSAS group or in
the controls (p=0.08) (fig. 1). In accordance, the slope did
not change significantly overnight although it decreased
slightly in the controls.

Correlation analyses did not demonstrate a significant
relationship between the severity of OSAS and the slope,
the degree of aggregation, or the change of aggregation
overnight.

Follow-up

All patients tolerated the treatment well, and none
complained of excessive daytime sleepiness with CPAP
treatment. The usage of CPAP during the study period, as

indicated by the hour meter, varied widely with an average
of 3.9�0.6 h.night-1 (range, 0.2±6.2). The mean CPAP
pressure was 8.1�0.7 kPa (range, 4±15). Body mass index
did not change significantly during follow-up.

Table 1. ± Effect of continuous positive airway pressure
therapy on body mass index and polysomnographic data

Before
treatment

After
treatment

Statistical
significance

Body mass
index kg.m-2*

32.9�1.6 33.2�1.6 NS

Total sleep time min 401.3�13.5 346.3�9.8 <0.01
Sleep efficiency % 91.0�2.5 85.4�2.5 NS

Sleep stage 1+2 % 66.8�3.2 60.6�2.7 NS

Sleep stage 3+4 % 13.4�2.0 15.6�2.0 NS

Sleep stage REM** % 12.7�2.6 13.7�2.1 NS

Apnoea/hypopnoea
index n.h-1

32.2�4.2 3.3�1.1 <0.01

t<90% %{ 25.4�8.7 3.2�2.6 <0.01
Minimum nocturnal
Sa,O2 %

77.4�3.6 89.0�1.1 <0.01

Epworth Sleepiness
Scale

13.8�3.0 4.9�2.2 <0.01

Values are presented as mean�SEM. *: The weight in kilograms
divided by the square of the height in meters; **: rapid eye
movement; {: percentage of time during sleep with an oxygen
saturation <90%.
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Fig. 1. ± Change of percent in vitro platelet aggregation induced by
epinephrine at 24:00 h and 06:00 h compared to 20:00 h in both control
patients and those with obstructive sleep apnoea syndrome (OSAS) on
diagnostic nights and with continuous positive airway pressure (CPAP).
Increasing aggregability is represented by positive values. Data are pre-
sented as mean�SEM. The difference between the three groups was not
significant (p=0.08). * : OSAS; m : OSAS-CPAP; s : controls.
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Fig. 2. ± Effect of continuous positive airway pressure treatment on
platelet aggregation in vitro induced by epinephrine at: a) 24:00 h and b)
at 06:00 h in patients with obstructive sleep apnoea syndrome (OSAS).
There is no significant difference between treated OSAS patients and
controls. *: p<0.05; **: p=0.01.
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CPAP was still effective in treating OSAS in all but one
of the patients (table 1). Medication was not changed in
the meantime.

Maximal aggregation in vitro induced by epinephrine
decreased in 14 and increased in 3 patients, resulting in a
significant change in the study group, both at 24:00 h
(64.0�6.5 versus 55.3�6.7%; p<0.05) and at 06:00 h (64.1�
6.5 versus 45.8�7.6%; p=0.01; fig. 2). In accordance, the
slope of the 06:00 h sample decreased significantly with
CPAP therapy (17.2�1.9 versus 13.8�2.0; p<0.05). One
of the patients with an increase in aggregability with
CPAP was not treated adequately with CPAP (apnoea/
hypopnoea index at control 13.5/h of sleep, minimum
oxygen saturation during sleep 81%), and the two others
did not use their device on a regular basis (average CPAP
use 0.2 and 0.9 h.night-1, respectively).

Aggregation parameters of OSAS patients treated with
CPAP did not differ from those of the controls. A decrease
in overnight aggregability could be detected in patients
undergoing CPAP therapy, comparable to the control
group, but the change was not significant (fig. 1).

Correlation analyses could not document a significant
relationship between the change of aggregation parameters
and the change of the severity of OSAS as indicated by the
apnoea/hypopnoea index or the oxygenation parameters.

Discussion

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 [20]
and confirmed in the controls, it increased slightly,
although not significantly, in the OSAS patients. The
normal diurnal pattern could be restored with long-term
therapy of OSAS over 6 months. Furthermore, treatment
with CPAP significantly decreased mean platelet aggreg-
ability at 24:00 h and 06:00 h towards those values found
in the controls.

The extent of the in vitro CPAP-induced decrease in
aggregability is small, and the measured variables at
baseline are generally within the established normal range.
Although the exact mechanisms of platelet activation in
OSAS are not understood, the factor that is probably most
important in these patients is the augmented sympathetic
activity with increased concentrations of epinephrine and
norepinephrine as a result of hypoxaemia and repetitive
arousals from sleep [5, 21]. Elevated circulating catecho-
lamines cause concentration-dependent platelet activation
in vitro and in vivo [22]. 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 mechanism [23]. Activation of these receptors
induces fibrinogen receptor exposure on the platelet sur-
face and fibrinogen binding [24].

The finding in this study of an increased platelet
aggregability in patients with OSAS is supported by two
studies that measured spontaneous platelet aggregation and
activation by flow cytometric determination of P-selectin
expression using a monoclonal antibody [25, 26].

Why does CPAP treatment over 6 months reduce plate-
let aggregability? It is known that endurance training
lowers plasma concentrations of catecholamines and dec-

reases the platelet response to acute exercise [27, 28].
Regular treatment with CPAP may also reduce sympa-
thetic activity in OSAS patients [29], thereby influencing
platelet function. In addition, part of the effect may also
be attributed to the beneficial effect of lifestyle modi-
fication, often associated with hospital treatment, on
cardiovascular disease.

The causal relationship between effective treatment of
OSAS and reduction of platelet aggregability is further-
more supported by the observation that platelet aggrega-
tion increased, apparently in spite of CPAP treatment, only
in those 3 patients with OSAS in whom CPAP treatment
was ineffective, and who did not use their devices on a
regular basis.

A relationship between the degree of platelet dysfunc-
tion or variability overnight and the severity of OSAS
could not be demonstrated. This may be due to the small
study group, or, alternatively, further mechanisms may
contribute to alteration in platelet function in patients with
OSAS.

It is worth noting that in contrast to the controls, CPAP-
treated patients with OSAS had a slightly elevated mean
platelet aggregability at 24:00 h. This might be due to the
study design with blood sampling in the night of control
polysomnography. Mean total sleep time with treatment
was less than 6 h.night-1 in the CPAP-treated group, indi-
cating that some of the patients fell asleep only shortly
before 24:00 h or even after the 24:00 h blood sampling so
that in some patients the values represent more the awake
than the asleep status.

The authors are well aware that in vitro platelet
aggregation does not necessarily represent in vivo changes.
But it is known that platelet aggregability as assessed by in
vitro methods correlates well with myocardial infarction,
sudden death, and long-term incidence of fatal coronary
heart disease in a population of apparently healthy middle-
aged males [15, 20].

A limitation of the conclusions comes from the metho-
dology of blood sampling: as repeated venous punctures
were used, platelet aggregation could have been affected
indirectly by causing arousals and hence sympathetic
nervous activation. However, the authors in this study
together with other authors, decided in favour of this
methodology and against using a continuously placed
catheter, since with the latter procedure an even more
profound alteration of platelet function has to be expected.
Furthermore, the described differences between treated or
untreated patients cannot be invalidated by this methodo-
logical problem, since in all patients venous blood samp-
ling was carried out by the same method.

A further limitation of the conclusions is that the control
subjects had not been studied polysomnographically. The
exclusion of obstructive sleep apnoea by clinical criteria
only may not be valid, since a discrepancy between symp-
toms and polysomnographic findings has been reported.

So far, the impact of an altered platelet function on
cardiovascular morbidity and mortality has not been exa-
mined in OSAS patients. But it can be speculated that an
increased aggregability might be harmful in acute cardio-
vascular disease, especially with respect to the observation
of an augmented apnoeic activity in patients with unstable
angina pectoris or acute myocardial infarction [9, 30].

To conclude, this study suggests that obstructive sleep
apnoea syndrome contributes, at least in part, to platelet
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dysfunction and that long-term continuous positive airway
pressure treatment may reduce platelet aggregability.
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