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Obstructive sleep apnea syndrome (OSAS) is an independent risk factor for arterial thrombosis, which is 
associated with high cardiovascular morbidity and mortality. To investigate the possible involvement of 
activated platelets, we evaluated the relationship between severity of OSAS and appearance of platelet 
aggregates (a marker of activated platelets) in 35 OSAS patients. Platelet aggregates were quantitatively 
determined by means of flow cytometry. There was a significant correlation between platelet aggregates and 
apnea-hypopnea index in the severe (AHI ≥ 30 events/hour) group（r = 0.756, p < 0.001), but not in the mild-
moderate (5 ≤ AHI < 30 events/hour) group (r = －0.032, p = 0.905). The results indicate that the appearance 
of platelet aggregates increases with an increase in the severity of OSAS.
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INTRODUCTION

Obstructive sleep apnea syndrome (OSAS) affects 
2% of women and 4% of men in the age range of 
30-60 years [1]. It is an independent risk factor for 
arterial thrombosis, leading to stroke and coronary 
heart disease, and thus is associated with increased car-
diovascular morbidity and mortality [2, 3]. Enhanced 
platelet function has been suggested as a potential 
cause of the increased incidence of cardiovascular 
events in OSAS [4]. Accordingly, early detection of 
platelet activation could be important for preven-
tion of cardiovascular events. Previously we found a 
significant increase in platelet activation in patients 
with OSAS by means of whole-blood flow cytometry 
using activation-dependent monoclonal antibodies 
[5]. Furthermore, we have developed a simple, rapid 
and automated method for detection of platelet hy-
peraggregability in patients with OSAS by using a 
conventional hematology analyzer (Abbott CELL-DYN 
4000Ⓡ , Abbott Diagnostics, Abbott Park, IL, USA) [6, 
7]. We have reported that blood samples from healthy 
subjects did not contain platelet aggregates, whereas 
blood samples obtained from OSAS patients showed 
massive platelet aggregates in the absence of agonists 
[7]. Although such measurements are very useful for 
early detection of cardiovascular risk in patients with 
OSAS, they were only qualitative [6, 7]. In the present 

study, we examined the relationship between apnea-
hypopnea index (AHI), as an indicator of severity 
of OSAS, and the appearance of platelet aggregates, 
measured by means of whole-blood flow cytometry. 
The aim of the present study is to evaluate whether in-
creased platelet activation is correlated with increased 
severity of OSAS.

METHODS

Subjects and clinical examinations
Thirty-five patients (29 males and 6 females) with 

OSAS were enrolled. OSAS was diagnosed on the 
basis of respiratory polysomnographic study (PSG, 
Sleep WatcherⓇ , ResMed Co. Ltd., Australia) accord-
ing to the criteria of the American Academy of Sleep 
Medicine [8]. AHI, lowest oxygen saturation (lowest 
SpO2), arousal index and sleep efficiency were de-
termined. To evaluate whether patients with OSAS 
showed thrombotic complications, such as ischemic 
cerebrovascular disease, cardiovascular disease, or 
carotid atherosclerotic changes, we carried out head 
magnetic resonance imaging, cardiac and carotid 
sonography, and electrocardiography. Patients with as-
ymptomatic chronic cerebral infarction and/or carotid 
intima-media thickness more than 1.1 mm were con-
sidered to have thrombotic complications. None of the 
subjects had received any anti-platelet drug. Patients 
with a history of acute inflammatory disease, malig-
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nancy or atrial fibrillation were not included in the 
study. The Tokai University Research Ethics Committee 
approved this study, and all participants gave written 
informed consent.

Flow cytometric measurements and analysis of 
platelet aggregates

Blood sampling was carried out from 8:00 AM to 
8:30 AM in all subjects after PSG was completed. The 
reason why blood sampling was carried out between 
8:00 and 8:30 AM is that Muller et al. and Kamio et al. 
found a circadian rhythm of platelet activation, and 
platelet activation was the greatest in the morning [9, 
10]. Citrate-anticoagulated whole blood was obtained 
from the antecubital vein with the aid of a light tourni-
quet. The first 2 ml of blood was discarded, and then 
4.5 ml of blood was collected slowly into a plastic sy-
ringe fitted with a 21 gauge needle and containing 0.5 
ml of 3.14% sodium citrate (Terumo, Tokyo, Japan). 

White blood cells (WBC) were simultaneously counted 
in EDTA-anticoagulated whole blood. A 25 µL aliquot 
of blood was gently added to a microcentrifuge tube 
containing 10 µL convenient cocktail (Oncomark; 
Becton Dickinson Biosciences, San Joes, CA), contain-
ing MoAb-CD45 to identify WBC, anti-glycophorin 
antibody to identify red blood cells and MoAb-CD41a 
to identify platelets. The reaction mixture was gently 
stirred without vortexing, followed by incubation for 
15 min at room temperature in the dark. Subsequently, 
the cells were fixed in 500 µL of cold lysing solution 
and WBC were points out to pay attention to the 
circadian rhythm on a BD FACS Calibur (Becton 
Dickinson Biosciences, San Joes, CA), as shown in 
Fig. 1. The appearance rate of platelet aggregates 
(counts/µL) was calculated as (CD41a-positive popula-
tion/CD45-positive population) times WBC count.

Fig. 1	 Detection of platelet aggregates in the WBC region by flow cytometry.
	 Platelet aggregates (red dots in Fig. 1b-1), which were located within the WBC region, was seen in ci-

trated blood of an OSAS patient (b-1), but not a healthy volunteer (Fig. 1a). Platelet aggregates (dashed 
circle), which are positive for MoAb-CD41a, appear in the region between lymphocytes and granu-
locytes on the scatter plot for the OSAS patient (b-2). G, M, and L indicate granulocytes, monocytes, 
and lymphocytes, respectively. 
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Table 1	  Clinical features of 35 patients

AHI
（events/hour）

Age
（year）

Sex
（M/F）

BMI
（kg/m2）

Lowest
SpO2（％）

Arousal index
（events/hour）

Sleep
efficiency
（％）

Platelet
aggregates
（counts/µL）

5 ≤ AHI < 30 5.0 57 M 24.7 86 11.1 84.8 208.9
（events/hour） 5.2 42 F 34.6 88 9.1 81.7 374.3

7.3 53 M 22.2 82 25.9 97.1 29.9
9.1 41 M 23.4 80 12.4 56.7 299.1
10.8 41 M 22.5 83 18.7 89.1 803.0
11.4 52 M 28.7 84 19.0 86.3 315.4
12.3 65 M 21.0 87 35.9 66.9 787.1
12.3 51 M 30.1 87 21.7 75.2 901.5
13.8 59 F 26.4 83 19.0 75.7 65.5
15.4 53 M 23.2 80 18.9 73.2 154.8
15.7 34 M 29.5 74 20.7 97.0 104.9
16.1 49 M 22.2 74 19.9 87.6 162.9
17.9 54 F 28.0 79 19.0 90.6 590.9
23.0 57 F 24.8 87 27.4 80.8 1903.1
24.7 59 M 20.6 72 34.0 90.9 92.1
28.2 50 F 22.7 77 33.3 94.8 258.7

AHI ≥ 30 31.1 55 M 25.3 74 19.1 69.4 23.9
（events/hour） 33.9 56 M 27.9 81 28.5 79.8 165.1

34.5 61 M 22.2 84 26.4 73.6 89.5
34.9 58 M 24.4 73 38.3 96.3 150.5
37.7 69 M 24.5 87 34.7 84.9 247.8
38.3 35 M 25.5 57 36.7 86.5 210.1
41.3 44 M 31.6 61 25.7 95.2 60.1
41.4 62 F 24.9 77 33.5 85.6 929.9
43.8 30 M 30.9 76 21.4 97.9 369.9
44.5 49 M 27.7 76 38.0 97.3 119.5
45.6 72 M 26.6 74 33.3 88.0 472.4
46.4 59 M 22.6 72 44.7 91.8 224.9
47.2 48 M 27.0 79 43.7 72.2 381.4
57.0 30 M 24.7 84 57.6 96.8 1176.4
63.4 55 M 27.9 80 49.1 85.0 240.9
66.8 27 M 33.6 65 31.5 88.5 1237.5
69.8 56 M 26.9 53 59.8 90.8 839.1
74.0 43 M 35.2 63 72.6 97.6 594.6
88.5 39 M 34.4 75 39.5 61.3 1043.2

AHI, apnea-hypopnea index; BMI, body mass index

RESULTS

Table 1 summarizes the clinical features of the 35 
patients and Table 2 shows the characteristics of OSAS. 
Arousal index was significantly higher (p < 0.001) and 
lowest SpO2 was significantly lower (p = 0.003) in the 
severe group compared to the mild-moderate group. 
There was no significant difference in age, BMI, sleep 
efficiency or the rate of thrombotic complications be-
tween the two groups. 

Fig. 1 shows the detection of platelet aggregates by 
flow cytometry. Platelet aggregates (indicated by red 
dots in Fig. 1b-1), which were located in the WBC 
region in citrated blood, were seen in the OSAS group 
(Fig. 1b-1), but not in the healthy volunteers (Fig. 1a). 
Platelet aggregates (dashed circle), which are positive 
for MoAb-CD41a, appear in the area between lympho-
cytes and granulocytes on the scatter plot in the OSAS 
group (b-2). 

Fig. 2 shows the locally weighted scatterplot smooth-

Statistics
All results are presented as median (interquartile 

range). Because the number of patients in the mild 
group was only 9, mild and moderate patients were 
combined into a single group, the mild-moderate 
group (n = 16, 5 ≤ AHI < 30 events/hour), for com-
parison with the severe group (n = 19, AHI ≥ 30 
events/hour). Comparisons of age, BMI and PSG data 
between the two groups were carried out by using the 
Mann-Whitney U test. Comparison of the prevalence 
of thrombotic complications between the two groups 
was done by using the χ2 test. The correlation between 
platelet aggregates and AHI was analyzed by using 
Spearman’s correlation. A P-value < 0.05 was taken to 
indicate a statistically significant difference. The IBM 
SPSS Statistics Software version 19 (IBM Corporation, 
NY) was used throughout. 
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Table 2	  Characteristics of OSAS patients

5 ≤ AHI < 30 events/hour
（n = 16, M/F 11/5）

AHI ≥ 30 events/hours
（n = 19, M/F 18/1）

Age（year） 53 （44 - 57） 55 （39 - 59）
BMI（kg/m2） 24.1 （22.3 - 28.5） 26.9 （24.7 - 30.9）

Lowest SpO2（％） 83 （78 - 87） 75 （65 - 80）＊
Arousal index（events/hour） 19 （19 - 27） 37 （29 - 45）＊

Sleep efficiency（％） 86 （75 - 91） 88 （80 - 96）
Thrombotic complications（％） 43.8 52.6

Values are median（interquartile range）, ＊p < 0.05
OSAS, obstructive sleep apnea syndrome.
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Fig. 2	 Correlation and LOESS-fitted line for the relationship 
between platelet aggregates and AHI in patients with 
OSAS.

	 There was no correlation between platelet aggregates 
and AHI in the mild-moderate (5 ≤ AHI < 30 events/
hour) group (Spearman’s r = －0.032, p = 0.905), whereas 
a significant correlation was found in the severe (AHI 
≥ 30 events/hour) group (Spearman’s r = 0.756, p < 
0.001). The locally weighted scatterplot smoothing 
(LOESS) curve was used to express the relationship 
between platelet aggregates and AHI in patients with 
OSAS (indicated by the line).

ing （LOESS）-fitted line for the relationship between 
platelet aggregates and AHI. There was a significant 
correlation between platelet aggregates and AHI in the 
severe group （r = 0.756, p < 0.001), but there was no 
correlation in the mild-moderate group. 

DISCUSSION

The results of the present study indicate that the ap-
pearance of platelet aggregates significantly increases 
with increase of AHI in patients with severe OSAS. 
Since there is no significant difference in the rate of 
thrombotic complications between the two groups, 
platelet function might be independently enhanced be-
cause of OSAS. Previously, citrated blood samples ob-
tained from healthy subjects and stimulated with epi-
nephrine were tested as a model of platelet activation 
in OSAS [7]. Platelet aggregates were more marked 
at a high dose of epinephrine, which is consistent 
with the finding that platelet activation increases with 
increasing severity of OSAS. The fact that there is no 
correlation between platelet aggregates and AHI in the 
mild-moderate OSAS group suggests that there might 
be a threshold for platelet activation. Yaggi et al. have 
demonstrated that OSAS is associated with increased 
incidence of stroke or death from any cause and that 
the association is independent of other cardiovascular 
and cerebrovascular risk factors [3]. In particular, they 
have shown that the risk of stroke or death in patients 
in the most severe quartile of OSAS (AHI > 36) was 

three times that in the controls [3]. Marin et al. have 
demonstrated that severe OSAS increased the risk of 
fatal and nonfatal cardiovascular events, although 
mild and moderate OSAS did not [11]. The cross-
sectional results of the Sleep Heart Health Study also 
showed that the risk of cardiovascular disease appears 
to increase progressively with increasing severity of 
OSAS [2]. Our findings in the present study are con-
sistent with these epidemiological results. 

As mentioned before, we previously observed an 
increase in platelet activation in OSAS by means of 
whole blood flow cytometry using activation-dependent 
monoclonal antibodies [5]. The expression of activated 
platelet markers such as PAC-1 and CD62P was signifi-
cantly higher in OSAS patients than in healthy sub-
jects. Furthermore, we developed a simple and rapid 
method for detection of platelet hyperaggregability in 
patients with OSAS [7]. However, these methods were 
only qualitative, and the quantitative relationship be-
tween AHI and platelet activation was not determined. 
In the present study, we have shown that platelet 
activation increases significantly with an increase in 
AHI in the severe OSAS group. We have previously 
shown qualitatively that platelet activation in patients 
with OSAS is sometimes reversed by CPAP therapy, 
but sometimes it is not [12]. Further quantitative study 
is therefore needed to investigate whether platelet ag-
gregates decrease in response to CPAP therapy.

In conclusion, we have evaluated the relationship 
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between severity of OSAS and the appearance of 
platelet aggregates in 35 OSAS patients. There was a 
significant correlation between platelet aggregates and 
AHI in the severe OSAS group, but not in the mild-
moderate OSAS group. The results indicate that plate-
let activation increases significantly with an increase in 
severity of OSAS. 
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