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Abstract
Background Cardiovascular diseases are frequent in patients
with obstructive sleep apnea (OSAS). There is evidence that
the day–night pattern of myocardial infarction and sudden
cardiac death observed in the general population is altered in
patients with OSAS. This study investigates potential abnor-
malities in the circadian profiles of platelet activity in OSAS.
Methods We studied 37 patients with OSAS [7 of whomwere
also studied after 3 months on continuous positive airway
pressure (CPAP) treatment] and 11 controls. In each subject,

we obtained six different blood samples during 24-h period
(2200, 0200, 0600, 1000, 1400, and 1800 hours). Platelet
activity was determined by flow cytometry immediately after
sampling.
Results We found that nocturnal platelet activity was
significantly increased in patients with OSAS (p=0.043)
and that effective treatment with CPAP decreased platelet
activity in these patients but differences just failed to reach
statistical significance (p=0.063).
Conclusions OSAS is associated with increased platelet
activity during the night, and that this appears to be
improved by chronic use of CPAP. These results may
contribute to explain the high prevalence of cardiovascular
events during sleep in OSAS.

Keywords Platelet activity . Sleep apnea . Cardiovascular
diseases

Introduction

The obstructive sleep apnea syndrome (OSAS) is a frequent
disease characterized by the occurrence of numerous
episodes of absence of respiratory flow (apnea) during
sleep. Each episode of apnea is followed by a marked
decrease in arterial oxygen saturation that is rapidly
normalized when ventilation resumes [1]. Treatment with
continuous positive airway pressure (CPAP) prevents the
occurrence of apneas and the hypoxia-reoxygenation
episodes that follow them [2].

There is evidence that patients with OSAS have an
increased risk for cardiovascular diseases including prema-
ture death from vascular events [3–6]. The mechanisms
underlying this association are unclear but candidate
mechanisms include increased activity of the sympathetic
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nervous system, endothelial dysfunction, hypercoagulability,
oxidative stress, systemic inflammation, and metabolic dysre-
gulation [7–14]. It is well-documented that, in the general
population cardiovascular (CV) events occur preferentially in
the first few hours after awakening [15–17]. This has been
explained on the basis of the circadian variations of heart
rate, blood pressure, platelet aggregation, and fibrinolytic
activity [18–23]. In contrast, patients with OSAS show a
marked variation of the day–night pattern of myocardial
infarction and sudden cardiac death observed in the general
population [24, 25] such that CV events occur preferentially
in the middle of the night, while patients are sleeping.Whether
the coagulation-fibrinolytic profiles are also altered in patients
with OSAS has not been explored before. We hypothesized
that the repetition of apneas and oxygen desaturation events
that characterize OSAS modify the normal coagulation-
fibrinolytic circadian rhythm, rendering patients with OSAS
more susceptible to suffer a CVevent during sleep. To test this
hypothesis, we compared the 24-h circadian profiles of
platelet activity in patients with OSAS and control subjects
without OSAS. A few patients could also be studied 3 months
after being effectively treated with CPAP to investigate the
effects of the normalization of respiration during sleep on the
circadian profile of platelet activity.

Methods

Subjects and ethics

We studied 37 male patients with OSAS and 11 healthy
controls. Participants were recruited and studied at sleep
unit of our institution. They had all referred to the sleep
laboratory for snoring or suspected OSAS. Each participant
was interviewed and was informed in detail of the purpose
of this study. The diagnosis of OSAS was established by full
polysomnography (E-Series Compumedics, Abbotsford,
Australia) and included recording of oronasal flow, thora-
coabdominal movements, electrocardiography, submental and
pretibial electromyography, electrooculography, electroen-
cephalography, and transcutaneous measurement of arterial
oxygen saturation. Apnea was defined by the absence of
airflow for more than 10 s. Hypopnea was defined as any
airflow reduction that last more than 10 s and resulted in
arousal or oxygen desaturation. We considered desaturation as
a decrease in SaO2 greater than 4%. The apnea-hypopnea
index (AHI) was defined as the sum of the number of apneas
plus hypopneas per hour of sleep. Patients and controls were
selected based on the diagnosis of OSAS and their
hematological profile. The case or control status was
defined by the AHI threshold of ten or greater. The
number of circulating erythrocytes, leucocytes, and
platelets were similar between groups. Participants were

considered obese when their body mass index (BMI) was
higher than 30 Kg m2. Arterial hypertension was
diagnosed if systolic blood pressure was ≥140 mmHg
and/or diastolic pressure was ≥90 mmHg or the individual
was on specific treatment.

Seven patients were studied twice: at diagnosis and after
effective treatment with CPAP (REM Star; Respironics®,
Murrysville, PA, USA) during 3 months. Compliance with
treatment was checked by the timer built up in the CPAP
device, and it was higher than 4 h/night in all patients.
Fourteen patients who did not use the device for a
minimum of 4 h/night were excluded from the follow-up
analysis. On the other hand, 16 patients refused to be
reevaluated.

No participant suffered from any chronic disease
(chronic obstructive pulmonary disease, liver cirrhosis,
thyroid dysfunction, rheumatoid arthritis, chronic renal
failure, and/or psychiatric disorders), or was taking any
type of medication. The study was approved by the ethics
committee of our institution, and all participants signed
their consent after being fully informed of its goal and
characteristics.

Protocol

Participants arrived at the sleep unit of our institution at
9 pm, after fasting for at least 6 h. A heparinized venous
catheter (Introcan Safety ®, Braun, Melsungen, Germany)
was inserted into an antecubital vein to allow serial blood
sampling through the night without disturbing sleep. From
this catheter, six different samples (20 ml each) were
obtained during the next 24 h (2200, 0200, 0600, 1000,
1400, and 1800 hours). Blood was collected into tubes
containing EDTA (10 ml) and into tubes containing sodium
citrate (10 ml). The sample obtained at 1000 hours was
followed by an additional one (10 ml) collected into tubes
without anticoagulant for general biochemical assessment.
Blood samples were immediately processed to determine
platelet activity (citrate anticoagulated blood) and blood
cell count (EDTA tubes) or centrifuged during 15 min at
2,500 revolutions per min (Jouan S.A, model CR4 22,
Saint- Herblain, France). Serum and plasma were frozen
at −80°C until analysis.

During the study, participants remained in the hospital.
During the daytime, they were allowed to rest or to just
perform low-activity tasks and they ate a standardized three
meal diet.

Platelet flow cytometry

Blood platelets are easily activated in vitro [26]. To avoid
this effect, measurements of platelet activity were per-
formed within 30 min of sampling, without stirring, at room
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temperature using a flow cytometer (Epics XL-MCL Flow
Cytometer, Beckman-Coulter, FL, USA) that measured the
fraction of positive platelets and the arbitrary fluorescence
intensity units (as an index of surface antigen expression in
the total platelet population) according to standard proto-
cols [26]. Platelet activity was determined with respect to
α-granule degranulation (surface expression of CD62p
antigen or P-selectin). A fluorescein isothiocyanate-
conjugated antibody to GPIIIa (CD61; Beckman Coulter,
Marseille, France) was used as an activation-independent
marker of platelets. A phycoerythrin (PE)-conjugated anti-
CD62 antibody (CD62; Beckman Coulter, Marseille,
France) was used to assess α-granule degranulation.
Platelets were identified on the basis of size and
association with CD61 antibody. The control ligand
(IgG-PE conjugate, Beckman Coulter, Marseille, France)
was used to detect any nonspecific associations. The
percentage of platelets expressing P-selectin was defined
as the fraction exhibiting specific binding minus that
exhibiting nonspecific binding of the 20,000 platelets
sorted. The lowest percentage of activated platelets that
could be detected was 0.1% [26, 27].

Hematological and biochemical analysis

Blood cell count was done on fresh samples using
automatic electronic cell counter (XE 2100, Sysmex Corp,
Japan). Measurements of glucose, cholesterol, triglycerides,
uric acid, creatinine, and liver enzymes [alanine transaminase
(ALT), aspartate aminotransferase (AST), and gamma-
glutamyl transpeptidase (GGT)] were performed using a
standard automated enzymatic methods on a Hitachi 917
biochemical analyzer (Roche Diagnostics, Indianapolis,
USA). HDL cholesterol was measured by a homogeneous,
enzymatic colorimetric method using a commercial reagent
set (Roche Diagnostics). LDL cholesterol was calculated
using the Friedewald equation [28].

Statistical analysis

Results are presented as median or mean ± standard error of
the mean. Mann–Whitney U test was performed to assess
the statistical significance of differences between OSAS
patients and controls during the night. Themethod of summary
measures was also applied following the comparison of the
areas under the curves (AUC) of platelet activity vs time
between patients and controls.

The study was powered not to miss a difference of
0.15% in platelet activity, (assuming a within subject SD of
0.10%) at a significance level of 5% and with a power of
90%, which required ten subjects in each group.

The effects of CPAP therapy were analyzed using
Wilcoxon signed-rank test.

Correlations between variables were explored using the
Spearman rank test. All statistical analyses were performed
using SPSS version 15.0.

Statistical significance was defined as p<0.05.

Results

Table 1 shows the main clinical characteristics and
biochemical parameters investigated in both groups. By
definition, patients with OSAS showed abnormal sleep
parameters, whereas these variables were normal in
controls. According to the AHI, the population studied
suffered from severe OSAS (Table 1).

BMI, systolic and diastolic pressure, glucose, triglycerides
cholesterol, creatinine, AST, ALT, andGGT levels were similar
in patients and controls, although the latter were slightly
younger (Table 1). Yet, age differences were minor in absolute
terms and probably are of marginal biological significance.
Patients with OSAS showed higher waist circumference than
controls but the difference was not significant (p=0.07). The
number of circulating erythrocytes, leucocytes, and platelets
was similar between groups (Table 1).

Table 1 Characteristics of subjects studied

OSAS patients (n=37) Controls (n=11)

Age (years) 42±1 34±2**

AHI (events/h) 46±4 5±1**

Mean SaO2 93±1 97±1**

Min SaO2 81±1 90±1**

Arousal index 42±4 8±2**

Epworth scale 8±1 8±1

BMI (Kg m−2) 28±1 26±1

Waist circumference 103±2 94±4

SBP (mmHg) 130±2 125±4

DBP (mmHg) 80±2 74±2

Glucose (mg/dL) 103±3 97±3

Cholesterol (mg/dL) 184±5 162±7*

Triglycerides (mg/dL) 158±40 151±11

Creatinine (mg/dL) 0.94±0.04 0.91±0.02

AST (U/L) 23±2 24±2

ALT (U/L) 28±3 27±2

GGT (U/L) 32±3 30±2

Erythrocytes (106/μL) 5.1±0.1 5.0±0.1

Leucocytes (103/μL) 7.9±0.3 7.8±0.5

Platelets (103/μL) 232±8 232±19

OSAS obstructive sleep apnea, AHI apnea-hypopnea index, BMI body
mass index, SBP systolic blood pressure, DBP diastolic blood
pressure, AST aspartate aminotransferase, ALT alanine transaminase,,
and GGT gamma-glutamyl transpeptidase

*p<0.05, **p<0.01
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On average, global mean platelet activity was higher in
patients with OSAS than controls (0.85±0.1% vs 0.41±
0.03%, p=0.037). Figures 1 and 2 show the median values
of platelet activity at different intervals. A high variability
in measures of platelet activity was detected between
patients with OSAS (Fig. 1). As shown in Fig. 2, platelet
activity at three different intervals during the study tended
to be always higher in patients with OSAS than in controls
but differences reached statistical significance during the
night-time portion of the study (1.05±0.19% vs 0.37±
0.05%, p=0.043). Moreover, we detected a significant
difference between the evening AUCs of OSAS patients
and controls (0.82%, p=0.042). In terms of frequency
distribution, platelet activity was increased in 70% of
patients as compared to 20% of controls. Yet, a different
circadian pattern was observed in each group. Whereas
healthy controls did not show evidence of circadian
variation of platelet activity, a significant peak was
observed in patients with OSAS during the night which
progressively returned to normality during the day. In seven
patients, we repeated the study after being under effective
treatment with CPAP during 3 months. We found that this
decreased platelet activity respect to that measured before
therapy, but differences just failed to reach the statistical level
of significance (night-time mean: 0.97±0.2% vs 0.65±0.1%,
p=0.063). Not significant differences in this time period
were shown regarding BMI, systolic and diastolic pressure,
glucose, triglycerides cholesterol, creatinine, AST, ALT, and
GGT levels. We did not find any significant correlation
between platelet activity at different time points and the age,
AHI, mean or minimal arterial oxygen saturation at night or
the arousal index.

Discussion

This study shows that, compared with healthy subjects,
patients with OSAS present a profound alteration in the

circadian rhythm of platelet activity, which reaches a peak
in the late night hours. Furthermore, chronic treatment with
CPAP reduced the platelet activity during the night. We
speculate that this may contribute to the risk of acute CV
events reported in patients with OSAS during sleep.

Many aspects of human physiology show circadian
oscillations, including heart rate and blood pressure
regulation. Other physiological factors affecting the vascu-
lar system, such as platelet activation and fibrinolysis are
also regulated by the circadian clock, either directly or
indirectly [22, 23, 29–34]. It is not surprising, therefore,
that disrupted circadian rhythms had been implicated in the
genesis of cardiovascular disease [35–38]. For instance,
platelet activation has been related to onset of acute CV
events. In the general population, acute CV events occur
frequently in the early morning hours [15, 21], when there
is a marked rise in neural and hormonal sympathetic
activity [39, 40], increased platelet activity, and hyperco-
agulability [19, 20]. This suggests an interaction between
arousal and acute thrombosis [19, 36]. By contrast, in
patients with OSAS, the timing of myocardial infarction
and sudden death shifts from the morning hours to the
night, while the patient is actually sleeping [24, 25].
Experimental and clinical studies suggest that intermittent
hypoxemia and increased sympathetic activation may be
important mechanisms for a procoagulant state in OSAS
[14, 41, 42]. Platelet activation and aggregation may be
another contributing factor, as shown by previous studies
that demonstrated that both are increased in patients with
OSAS [43–45], particularly at night [46]. Our findings
confirm these previous observations and extend them by
showing that the 24-h circadian rhythm of platelet
activation is disrupted in OSAS (Fig. 1), thus supporting
the hypothesis that OSAS may lead to an elevated risk of
nocturnal cardiovascular events by increasing nocturnal
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Fig. 1 Mean values of platelet activity (expressed as percentage of
platelets) at different times during the day in healthy controls and in
patients with OSAS
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Fig. 2 Mean (±SEM) values of platelet activity at different intervals
during a 24-h period, in healthy controls and patients with OSAS
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platelet activity. A different circadian pattern was observed
in each group. Whereas healthy controls did not show
evidence of circadian variation of platelet activity, a
significant peak was observed in patients with OSAS
during the night which progressively returned to normality
during the day.

Differences occurred in the detection of peak platelet
activation in general population between studies [19, 22,
47]. A consistent finding in all studies was that platelet is
lowest when subjects were resting. In our controls, the
platelet activity was minimal during the sleep hours but the
differences were not significant between hours.

The precise mechanisms by which this occurs are
unclear, since we did not find any significant relationship
between platelet activity at different time points and the
AHI, mean or minimal arterial oxygen saturation at night or
the arousal index. The relatively small sample size of our
study and/or the narrow range of disease severity of the
patients studied here (all of whom had severe OSAS) may
have limited our ability to find such relationships since it
has been suggested that the relationship between sleep
variables and procoagulant changes lies along a continuum
of OSAS severity. On the other hand, despite the high
variability detected in the measures of platelet activity
between patients with OSAS, the increase during the night
was detected in 70% of patients included in this study. We
can exclude, however, several potential confounding factors
that may influence platelet activity, such as obesity,
diabetes, hypertension, or hyperlipidemia, because their
distribution was similar in patients with OSAS and controls
(Table 1). In our study, controls were slightly younger than
OSAS but no correlation was evident for age and platelet
activity at different time points. Furthermore, in keeping
with these observations, Minoguchi et al. did not detect a
correlation between age and platelet activity in patients with
OSAS [45]. Finally, it was observed that chronic treatment
with CPAP reduces the platelet activity during the night,
suggesting that CPAP treatment may confer protection for
cardiovascular events. A limitation of this observation is
that the patients were selected because of excellent CPAP
adherence and the trend toward decrease in platelet activity
could be influenced to another additional factor such as
healthier lifestyle or other therapies.

Although the exact mechanisms of platelet activation
in OSAS are not understood, one factor that is important
in these patients is the augmented sympathetic activity
as a result of hypoxemia and repetitive arousals from
sleep.

CPAP therapy has beneficial effects in abolishing both
hypoxia and arousals related to obstructive respiratory
events and sympathetic activation [48]. In any case, further
studies are needed to unravel the mechanisms underlying
the disruption of the circadian rhythm of platelet identified

here. Likewise, it is possible that patients with OSAS might
benefit from platelet anti-aggregant therapy. Future inter-
ventional studies are necessary to determine the impact of
all these findings on the cardiovascular risk of OSAS
patients.

In summary, our study has identified a disturbed
circadian variation of platelet activity in patients with
OSAS, with a clear nocturnal peak. We propose that this
may contribute to the increased risk of acute CV events
during the sleeping hours detected in patients with
OSAS.
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