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Introduction

Obstructive sleep apnea syndrome (OSAS) is a sleep-related 

respiratory disease characterized by repeating apnea and 

hypopnea episodes due to the obstruction of the airway. OSAS is 

associated with repeating nocturnal arterial oxygen desaturation 

and hypercapnia as well as with changes in systemic and 

pulmonary arterial pressure (1). The prevalence of OSAS has 

been reported as 4% in middle-aged men and 2% in middle-aged 

women (2). Moderate OSAS is seen in one of each five adults and 

moderate-to-severe OSAS in one of each fifteen adults (3). In OSAS, 
the interruption of the upper airway is defined as apnea, and 
decreased airway as hypopnea. These apnea and hypopnea cycles 
are repeated several times in every hour, causing fragmentation 
of sleep. Pharynx, and especially hypopharynx and oropharynx 
are the regions with obstructive processes that mostly lead to 
OSAS (4). OSAS is an independent risk factor for many diseases 
including heart failure, heart attack, cardiovascular events, and 
arrhythmias. OSAS has been associated with cardiovascular, 
growth and neurobehavioral anomalies and inflammation (5). 
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Daytime drowsiness, decreased attention capacity, insufficient 
memory and learning, walking dysfunction, decreased motor 
performance and depressive symptoms may be seen in OSAS 
patients. 

Platelets play an important role in the formation of atherosclerotic 
plaques and thus in the progression of atherosclerotic lesions to 
thrombosis. Platelets express and release substances involved 
in coagulation, inflammation, thrombosis and atherosclerosis 
processes (6,7). In addition, platelets also play a role in the 
pathogenesis of coronary artery disease. Larger platelets are 
associated with increased enzymatic and metabolic activities, 
showing an increased prothrombotic condition (8). Mean platelet 
volume (MPV) and platelet distribution width (PDV) are the most 
commonly measured platelet indices during routine blood 
count. Studies have reported that the activation of platelets, MPV 
and PDW are increased in OSAS patients (9,10). However, some 
studies have reported no association between platelet volume 
and OSAS (11). MPV should be interpreted with platelet count. 
Multiplying of MPV and platelet count is named as total platelet 
mass (12).

There are several studies in the literature about the relationship 
between platelet indices and OSAS (13-15). However, to our best 
knowledge the relation between platelet mass and OSAS has 
not been investigated previously. Therefore, the objective of 
this study was to investigate whether there was a relationship 
between the levels of platelet mass and OSAS and to compare 
biochemical parameters among comorbidity groups among 
OSAS patients.

Materials and Methods

Study Population

A total of 311 patients were included in the study with 208 who 
presented to the emergency department of our hospital with 
complaints such as fatigue, headache, distractibility and daytime 
drowsiness, and then were diagnosed with OSAS through 
polysomnography and 103 persons without the diagnosis 
of OSAS as the control group. Outcomes of the previously 
performed polysomnography of OSAS patients were evaluated 
together with a thoracic diseases specialist. Patients included in 
the study were divided into two groups as OSAS and non-OSAS 
patients. In addition, patients in the OSAS group were further 
divided according to their comorbidities into subgroups as 
diabetes, diabetes + hypertension, diabetes + hyperlipidemia, 
diabetes + cardiovascular disease, diabetes + hypertension + 
hyperlipidemia, hyperlipidemia, cardiovascular disease and 
hypertension. All patients underwent physical examination, 
electrocardiogram (ECG), complete blood count and biochemical 

laboratory analyses, while OSAS patients additionally underwent 
polysomnography.

Patients with a systolic blood pressure >140 mmHg or a diastolic 
blood pressure >90 mmHg or those receiving antihypertensive 
drugs were considered hypertensive. Patients with a fasting 
blood glucose > 126 mg/dL and those receiving antidiabetics 
were considered to have diabetes mellitus (DM). Patients aged 
under 18 years were excluded from the study.

Polysomnography

In this study, the diagnosis of OSAS was established with 
polysomnography which is accepted as the gold diagnostic 
method. All patients underwent a detailed nocturnal analysis 
with 44-channel polysomnography using the international 10-20 
electrode insertion system. 

Polysomnographic evaluation included electroencephalogram, 
electrooculogram with 256 µv/hour sampling rate, submental 
electromyogram with 10-100 Hz and ECG with 0.2-30 Hz filtration. 
Respiratory effort was measured with abdominal and thoracic 
piezoelectric belts with 0.05-3 Hz filtration, while airflow was 
monitored with a nasal cannula. Oxygen saturation and pulse 
were measured using a finger pulse oximeter. In order to record 
leg movements, motion sensors of 1-20 Hz were inserted to each 
leg. Polysomnography processes were performed according to 
the Rechtschaffen and Kales criteria by two thoracic diseases 
specialists that showed 80-95% compliance to 50 reference 
data and had an experience of at least 1,000 polysomnography 
processes (16).

Interruption of airway at least for 10 seconds as a result of 
polysomnography was considered as apnea, while a decrease ≥3% 
in capillary oxygen saturation was considered as desaturation. 
Whereas, stimulation or desaturation lasting for ≥10 seconds 
with a decreased air flow by 50% during sleep was considered as 
hypopnea.

Biochemical Measurements

Blood samples were collected using a sterile syringe from the 
antecubital vein between a.m. 08:00 and 10:00 following 12-hour 
fasting. Glucose, creatinine and lipid profiles were determined 
with standard methods in the samples. MPV and platelet values 
were measured from the blood samples put into the dipotassium 
Ethylenediamine tetraacetic acid (EDTA) containing tubes. 
Complete blood count was performed using an automated blood 
counter (Beckman Coulter, Dx500, USA). MPV measurements 
were performed within 30 minutes after the sampling in order to 
prevent platelet swelling resulted from EDTA. 

Ethics Statement

Before the beginning, the study protocol was approved by the 
local ethics committee of our hospital with 11/05/2020 dated 
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and HRU/20.09.09 numbered decision. The study was conducted 
in accordance with the ethical principles of the Declaration of 
Helsinki. 

Statistical Analysis

Data obtained in the study were statistically analyzed using 
SPSS for Windows version 23.0 package software (SPSS, IBM Inc., 
Statistical Package for Social Sciences, Illinois, Chicago, USA). 
Normality of the variables was analyzed with the Shapiro-Wilk 
test. In the comparison of the numerical data between the patient 
and control groups, one-way variance analysis (ANOVA) and 
Duncan multiple comparison tests were used for the normally 
distributed variables, and Kruskal-Wallis and Dunn multiple 
comparison tests for the non-normally distributed variables. 
Descriptive statistics are expressed as mean ± standard deviation 
for numerical variables, while frequency and percentage were 
used for the categorical variables. P<0.05 values were considered 
statistically significant.

Results

In this study, a total of 311 patients with 208 who presented to 
the emergency department of our hospital with complaints such 
as fatigue, headache, distractibility and daytime drowsiness, 
and then were diagnosed with OSAS through polysomnography 
and 103 persons without the diagnosis of OSAS were included as 
the control group. In addition, OSAS patients were divided into 
subgroups according to their comorbidities and the results of 
biochemical analysis and polysomnography were studied among 
these subgroups. Accordingly, DM was found in 34, diabetes + 
hypertension in 15, diabetes + hyperlipidemia in 29, diabetes 
+ cardiovascular disease in nine, diabetes + hypertension + 
hyperlipidemia in 13, hyperlipidemia in 62, cardiovascular 
disease in 15 and hypertension in 31 patients. Distribution of the 
comorbidities in OSAS patients is given in Figure 1.

The mean age of the patients was 51.87±11.07 (minimum-
maximum: 26-80) years. The mean age was 55.25±10.86 years 
in the OSAS group and 46.85±9.23 years in the control group. 
Accordingly, the mean age was statistically significantly higher 
in the OSAS group than in the controls (p<0.001). The mean age 
was found to be statistically significantly higher in diabetes + 
cardiovascular group (60.89±14.31) compared to cardiovascular 
disease (60.47±11.60), diabetes + hypertension + hyperlipidemia 
(56.08±12.61), diabetes+hypertension (55.27±7.96) and 
significantly higher in diabetes patients (54.56±11.26) than 
in the control group (46.85±9.23), diabetes + hyperlipidemia 
(53.03±9.77) and hyperlipidemia patients (51.45±10.29) (for all 
p<0.05).

The mean body mass index (BMI) value was statistically 
significantly higher in OSAS patients compared to the control 

group (24.28±1.00 vs 29.73±2.51 kg/m2). Examining according to 

the subgroups, no statistically significant difference was found in 

terms of BMI (p>0.05). 

Distribution of the demographic and clinical features is given in 

Table 1.

Table 1. Demographic and clinical characteristics of the patients

Mean ± SD Min-max

Age 51.87±11.07 26.00-80.00

BMI 27.93±3.34 21.97-36.93

WBC 9.06±2.30 1.46-19.59

Neutrophils 5.27±1.85 2.38-14.73

Lymphocytes 2.84±0.91 0.32-6.17

Monocytes 0.68±0.22 0.12-2.05

RBC 5.15±0.62 3.18-7.02

PLT 269.34±61.18 138.90-512.00

MPV 8.70±1.59 5.36-12.30

RDW 12.74±1.64 9.80-22.70

Lymphocyte to monocyte 4.56±2.18 1.14-23.58

Neutrophil to lymphocyte 2.11±1.71 0.78-25.91

PLT x MPV 2314.54±575.53 1104.90-4710.40

RDW/RBC 2.51±0.53 0.00-4.62

PLT/RDW 21.41±5.43 10.37-39.75

RDW/MPV 1.51±0.35 0.00-2.81

Gender, n (%)

Male 215 (69.1) -

Female 96 (30.9) -

BMI: Body mass index, WBC: White blood cells, RBC: Reb blood cells, PLT: Platelet, 
MPV: Mean platelet volume, RDW: Red cell distribution width, n: Number, min: 
Minimum, max: Maximum

Figure 1. Distribution of the comorbidities in OSAS patients

OSAS: Obstructive sleep apnea syndrome, DM: Diabetes mellitus, HT: 
Hypertension, HL: Hyperlipidemia, CVD: Cardiovascular diseases
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The MPV was significantly higher in the control 
group (10.13±1.09) compared to the OSAS 
group (7.98±1.32) (p<0.001). Total platelet 
mass found with multiplying platelet counts 
and MPV was significantly higher in the control 
group (2,737.92±548.90) compared to the 
OSAS patients (2,104.89±462.86) (p<0.001). 
Distribution of the demographic and clinical 
data of the participants is shown in Table 2.

Discussion

The association of OSAS with diseases such as 
cardiovascular disorders, hypertension and 
DM is well-known. Platelets are inflammatory 
markers playing a crucial role in the 
pathogenesis of numerous diseases, especially 
cardiovascular diseases (CVD). Larger platelets 
involve more granule and thromboxane A2 
and express more glycoproteins IB and IIB/IIIA 
receptors. Therefore, these large platelets lead 
to an increase in thromboembolic events by 
accumulating more rapidly (17-19). 

There are several studies in the literature 
investigating the relationship between OSAS 
and MPV (10,20,21). MPV is known to have an 
important role in the pathophysiology of CVD 
as an indicator of platelet activation (22). Since 
CVD increase in OSAS patients, studies in the 
literature have focused on the role of activated 
platelets. However, because as the size of 
platelets increases their effects on the above 
mentioned diseases increase, MPV should be 
interpreted together with platelet count. Total 
platelet mass is formulated as MPV x platelet 
count. Platelet mass is an indicator of platelet 
function and activation (23). To our best 
knowledge, there is no study in the literature 
evaluating the effect of total platelet mass on 
OSAS.

Personal characteristics such as advanced 
age, hypertension and obesity are risk factors 
for OSAS and CVD (24). Structural changes 
like obesity predisposes OSAS patients to 
upper airway resistance and larger respiratory 
effort. In the present study, the mean age 
was statistically significantly higher among 
OSAS patients compared to the controls. In 
addition, when the subgroups were analyzed, Ta
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the mean age was statistically significantly higher in diabetes + 
cardiovascular disease and cardiovascular groups compared to 
the other subgroups. Similarly, in our study the mean BMI value 
was statistically significantly higher in the OSAS group compared 
to the control group. As respiratory symptoms are more common 
in people with an advanced age and overweight persons, this 
situation is an expected finding. 

It is well-known that MPV is increased with hypoxia (25). Nena et 
al. (26) reported that MPV and platelet distribution width (PDW) 
increase in OSAS patients.

OSAS is associated with insulin resistance and impaired glucose 
tolerance, and induces endothelial dysfunction (27). In our 
study, both MPV and total platelet mass were significantly higher 
among OSAS patients compared to the controls. Kanbay et al. (20) 
demonstrated that MPV levels increased as the severity of OSAS 
increased, and pointed out that high MPV levels were associated 
with the prevalence of CVD in OSAS patients (20). In the current 
study, CVD was found in 15, and both diabetes and CVD in nine 
OSAS patients. We think that, lower rate of CVD in our study was 
caused by the inability to measure the severity of OSAS, because 
the primary objective of our study was to investigate total platelet 
mass in OSAS patients.

Studies in the literature have reported higher MPV values in 
OSAS patients compared to the controls and accordingly, it has 
been argued that MPV value is a diagnostic marker for OSAS 
especially in patients presenting to emergency departments 
(20,25,26,28,29).

However, as we mentioned before MPV should be taken into 
account together with platelet count and not alone. In fact, in 
the majority of the above mentioned studies, MPV value was 
high in OSAS patients depending on the severity of the disease, 
while platelet count has been reported as low according to the 
number of patients. In the present study, both the mean MPV 
value and total platelet mass found by MPV x platelet count were 
statistically significantly lower in OSAS patients compared to the 
control group. Therefore, unlike the previous studies MPV and/
or total platelet mass is not sufficient for the diagnosis of OSAS, 
especially in patients presenting to emergency departments 
with the complaints of fatigue, headache, distractibility and 
daytime drowsiness, and these patients must be directed to 
polysomnography.

Study Limitations

The main limitation of our study is its retrospective design and 
being conducted in a single center. The effects of geographic 
areas and climate can on OSAS can be investigated with further 
studies. However, the number of our patients is relatively high 

for such a study, which reflects the strong aspect of our study. 
In addition, this study is the first in the literature investigating 
not only MPV, but also total platelet mass in OSAS patients. Our 
results that are contrary to those of the previous studies should 
be supported with further multi-center comprehensive studies.

Conclusion

According to the results of this study; MPV and/or total platelet 
count is not diagnostic, especially in patients presenting 
to emergency departments with the complaints of fatigue, 
headache, distractibility and daytime drowsiness. These patients 
must be directed to polysomnography. However, the high 
prevalence of comorbidities such as hypertension, DM, CVD 
and hyperlipidemia is remarkable. Patient groups with these 
comorbidities can be evaluated for OSAS in future studies. We 
believe that the results of this study will create a new perspective 
in the literature in the role of platelet activation in OSAS. 
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