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Association between mean platelet volume and severity of
disease in patients with obstructive sleep apnea syndrome without
risk factors for cardiovascular disease

Kalp-damar hastaligi icin risk faktorleri bulunmayan
tikayici uyku apnesi sendromlu hastalarda ortalama trombosit hacmi ile
hastaligin ciddiyeti arasindaki iligki
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ABSTRACT

Objectives: Obstructive sleep apnea syndrome (OSAS)
is associated with increased cardiovascular morbidity and
mortality. Platelet activation and aggregation are central pro-
cesses in the pathophysiology of atherothrombosis. Mean
platelet volume (MPV), a determinant of platelet activation,
is a newly-emerging risk factor for atherothrombosis. There-
fore, we have investigated the possible association between
OSAS and MPV.

Study design: We selected 30 mild, 32 moderate, and
31 severe OSAS patients and 31 healthy control subjects
matched for age, sex, and body mass index. MPV was mea-
sured using an automated blood cell counter.

Results: The MPV levels were significantly higher in the se-
vere OSA group than in the control group (8.6+1.1 vs. 7.8+0.7
fl, p=0.03). There were no significant differences in respect
to MPV between controls and patients with mild and moder-
ate OSA (7.8+0.7 vs. 8.3x1.2 fl, p=0.2; 7.8+0.7 vs. 8.4+1.3
fl, p=0.08) and between patients with mild, moderate, and
severe OSA (8.3+1.2 vs. 8.4+1.3 vs. 8.6+1.1 fl, p=0.9). Sig-
nificant correlations were seen between MPV and apnea-
hypopnea index (r=0.347, p<0.001), minimal oxygen satura-
tion (r=-0.224, p=0.03), and the percentage of recording time
spent at a oxygen saturation less than 90% (r=0.240, p=0.02).
Conclusion: Our results suggest that OSAS patients tend to
have relatively increased platelet activation andatherothrom-
botic risk.

OZET

Amac: Tikayici uyku apnesi sendromu (TUAS) kalp-damar
hastaligi morbidite ve mortalitesinde artisa neden olmakta-
dir. Aterotromboz patofizyolojisinde trombosit aktivasyonu
ve agregasyonu dnemli rol oynamaktadir. Trombosit aktivas-
yonunun gostergesi olan ortalama trombosit hacmi (OTH)
aterotromboz igin yeni tanimlanan risk faktorlerinden biri-
sidir. Bu calismada TUAS ile OTH arasindaki olasi iligkiyi
arastirdik.

Calisma plani: Galismaya yas, cinsiyet ve beden kutle in-
deksleri agisindan benzer olan 30 hafif, 32 orta dereceli ve
31 ciddi dereceli TUAS’lI hasta ile 31 olgulu saglkli kontrol
grubu alindi. OTH degerleri dlguldu.

Bulgular: Ciddi TUAS grubunda OTH duzeyi kontrol grubu-
na gore anlamli olarak yuksek bulundu (8.6+1.1 ve 7.8+0.7
fl, p=0.03). Hafif ve orta dereceli TUAS’l hastalar ile kont-
rol grubu arasinda (7.8+0.7 ve 8.3+1.2 fl, p=0.2; 7.8+0.7 ve
8.4+1.3 fl, p=0.08) ve hafif, orta ve ciddi dereceli OSAS’I
hastalarin kendi arasinda (8.3+1.2 ve 8.4+1.3 ve 8.6x1.1 fl,
p=0.9) OTH duzeyleri ydonunden anlaml farkhlik saptanma-
di. Apne hipopne indeksi (r=0.347, p<0.001), en dusuk ok-
sijen saturasyonu (r=-0.224, p=0.03) ve oksijen saturasyo-
nunun %90’in altinda oldugu zaman dilimi ile OTH arasinda
korelasyon goruldu (r=0.240, p=0.02).

Sonug: Calismamizda elde ettigimiz sonuglar TUAS’lI has-
talarda trombosit aktivasyonunun ve aterotrombotiz riskinin
arttigini gostermektedir.
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bstructive sleep apnea syndrome (OSAS) is

characterized by repetitive apnea or hypopnea
due to narrowing of the upper airways during sleep. It
is a common disorder of middle-aged adults, affecting
4% of men and 2% of women.[" OSAS is an indepen-
dent risk factor for cardiac mortality and morbidity.
In patients without underlying cardiovascular disease,
hypertension, coronary artery disease, stroke, and
heart failure are shown to be associated with OSAS.
(23] Recent studies have indicated that OSAS is associ-
ated with multiple causal factors of endothelial dam-
age and atherosclerosis due to systemic inflammation,
oxidative stress, and increased levels of soluble adhe-
sion molecules and coagulation factors. Furthermore,
all of these causal factors have been reported to sig-
nificantly decrease after treatment of OSAS with con-
tinuous positive airway pressure. !

Increased platelet activation plays an important role
in the development of cardiovascular complications.
161 Several studies have reported increased platelet ac-
tivation and aggregation in patients with OSAS.U-19
Increased platelet activity is associated with increased
platelet volume. Large platelets that contain denser
granules are metabolically and enzymatically more
active than small platelets and have higher thrombotic
potential.l'!¥) Mean platelet volume (MPV) is an in-
dicator of platelet activation and has an important role
in the pathophysiology of cardiovascular diseases®!*
such as hypertension, diabetes mellitus, hypercholes-
terolemia, and acute myocardial infarction.!'”

This study investigated the MPV levels in OSAS
patients without hypertension, smoking history, dia-
betes, hyperlipidemia, and any cardiovascular dis-
ease, and assessed whether there was any correlation
between MPV and severity of disease.

PATIENTS AND METHODS

Patients

Patients between ages 30 and 60 diagnosed with OSAS
who were examined in the Department of Chest Dis-
eases outpatient clinic between March 2009 and Oc-
tober 2010 were included in this study. Polysomnog-
raphies at the sleep laboratory were conducted prior
to inclusion in this study. Patients were examined in
three groups according to the severity of their OSAS
determined by the apnea-hypopnea index (AHI): 30
in the mild OSAS group (AHI=5-15), 32 in the mod-

erate group (AHI=16-30),
and 31 in the severe group
(AHI >30). As a control, 31
asymptomatic, healthy indi-
viduals between ages 30 and
60 who were seen in the Department of Cardiology
outpatient clinic were chosen. This group included
patients suitable for the study from the perspective of
cardiac anatomy and functions, those with no night
snoring or day-time sleepiness, who scored less than
10 in the Epworth sleepiness scale, and had low risk
of OSAS in the Berlin survey form evaluation.!'6-18
The study was approved by the local Ethics Commit-
tee. Informed consents were taken from every indi-
vidual included in the study. All patients underwent
a detailed examination of the cardiovascular system.

Abbreviations:

AHI  Apnea-hypopnea index
MPV  Mean platelet volume
OSAS  Obstructive sleep apnea

syndrome

Criteria for exclusion

Exclusion criteria were as follows: (1) impaired car-
diopulmonary function, defined as the occurrence of
respiratory failure, pulmonary infection or congestive
heart failure; (2) coronary artery disease, defined as
having a typical angina pectoris, history of a prior
myocardial infarction, or the presence of a positive
stress test or positive coronary angiographic find-
ings; (3) valvular disease, atrial fibrillation or con-
genital heart disease; (4) hypertension (hypertension
was considered to be present if the systolic pressure
was >140 mmHg and/or diastolic pressure was >90
mmHg after averaging three separate blood pressure
measurements taken at 10 min intervals, as well as
in patients receiving antihypertensive treatment),!”’
diabetes mellitus (diabetes mellitus was defined as a
fasting blood glucose level >126 mg/dl or current use
of a diet or medication to lower blood glucose and/or
HbAlc >6.5%), dyslipidemia (LDL cholesterol >160
mg/dl, total cholesterol >240 mg/dl, triglyceride >250
mg/dl), or using antihypertensives, antidiabetics, or
lipid-lowering treatment; (5) chronic alcoholism and
smoking; (6) malignancy, hyperthyroidism, and hypo-
thyroidism; (7) history of prolonged use of non-ste-
roid anti-inflammatory drugs or anticoagulants; and
(8) renal and liver insufficiency.

Polysomnography

Polysomnography was performed with 16 channel
Embla (Medcare Inc, Iceland) with continuous sleep
technician monitoring. The system consists of 4 chan-
nels of EEG, 2 channels of EOG, submental EMG,
oronasal air flow, thoracic and abdominal movements,
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pulse oximeter oxygen saturation, tibial EMG, body
position detector, electrocardiogram and tracheal
sound. Apnea was defined as the complete stopping
of airflow lasting more than 10 seconds. Hypopnea
was defined as a 30% or more reduction in respiratory
airflow lasting more than 10 seconds accompanied
by a decrease of >4% oxygen saturation. The aver-
age number of episodes of apnea and hypopnea per
hour of sleep were measured as AHI. According to
the severity, patients were classified as mild OSAS
(AHI=5-15), moderate OSAS (AHI=16-30), and se-
vere OSAS (AHI >30). Sleep stages were scored fol-
lowing standard criteria with 30-second epochs and
were reviewed and verified by a certified sleep physi-
cian.l?"

Biochemical measurements

Biochemical parameters were obtained from venous
blood samples drawn after a 12 hour fasting period.
MPV was measured in a blood sample collected in
dipotassium EDTA tubes. An automatic blood counter
was used for whole blood counts. MPV was measured

within 30 minutes after sampling to prevent EDTA-
induced platelet swelling.

Statistical analysis

All data was analyzed with “MedCalc 11.0.4” and
“SPSS 15.0 for Windows” software. Numerical vari-
ables were defined as mean + standart deviation; cat-
egorical variables were defined as percentiles. In a
comparision of three or more groups, if the variables
fit the normal distribution, one-way analysis of vari-
ance (ANOVA) was used; if not, the Kruskal-Wallis
test was used. In comparision of the categorical vari-
ables, the multiple comparision chi-square test was
used. In post-hoc analysis, Tukey’s test was used af-
ter one-way ANOVA, and the Mann-Whitney U-test
was used after Kruskal-Wallis. The Kolmogorov-
Smirnov test was used for normality of the distribu-
tion. Spearman correlation analysis was performed
for determination of correlation. All hypotheses were
established as two-way, and alpha critical value was
accepted as 0.05.

Table 1. Baseline characteristics in control group and OSAS subgroups

Control group Mild OSAS Moderate OSAS Severe OSAS p
(n=31) (n=30) (n=32) (n=31)
Mean+SD Mean+SD Mean+SD Mean+SD
Age (years) 46.7+8.4 46.1+8.2 48.3+7.6 47.3+7.7 NS
BMI (kg/m?) 28.9+2.9 28.4+31 28.7+2.7 29.2+2.9 NS
SBP (mmHg) 119.8+8.8 119.1+6.7 121.7+6.7 121.6+8.9 NS
DBP (mmHg) 73.7+6.0 73.8+5 74.7+5 75.8+5 NS
Fasting blood glucose (mg/dl) 89.4+8.2 89.8+8.6 91.7+10.5 92.5+9.4 NS
HbA1c (%) 5.5+0.4 5.6+0.2 5.6+0.4 5.6+0.4 NS
Total cholesterol (mg/dl) 191.3+23.8 188.7+33.1 190.5+43.1 195.6+26.4 NS
LDL-cholesterol (mg/dl) 117.5+23.5 113+33.9 119.7+35.9 119.8+30.6 NS
HDL-cholesterol (mg/dl) 46.8+10.8 44.9+13.6 44.2+10 45.2+10.4 NS
Triglyceride (mg/dl) 146+67.9 144.6+57.9 148.4+81.7 149.5+50.8 NS
Hemoglobin (g/dl) 14.5+1.1 14.2+1.1 14.1+0.9 13.3+1.3 NS
Platelet count (x10°/L) 258.9+54.7 246.2+77.2 245.9+89.8 217.0+59.9 NS
MPV (fl) 7.8+0.9 8.3+1.2 8.4+1.3 8.6+1.1* 0.02
AHI 10.3+3 21.5+3.5 59.4+15.9 <0.0001
Sa0, min 87.3+3.6 83.2+4.8 71.4+10 <0.0001
Sa0, <90% (TST%) 0.22+0.34 3.9+8.2 20.5+17.3 <0.0001

OSAS: Obstructive sleep apnea syndrome; Mean+SD: Mean + Standart deviation; BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic
blood pressure; LDL: Low-density lipoprotein; HDL: High-density lipoprotein; MPV: Mean platelet volume; AHI: Apnea-hypopnea index; SaO, min: Minimal

oxygen saturation; TST: Total sleep time; Sa0O, <90% (TST%): Percentage of recording time spent at a Sa0,<90%.

*p=0.02 patients with severe OSAS vs. control group.
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Figure 1. Comparison of obstructive sleep apnea syndrome
patients and control values for mean platelet volume.

RESULTS

There were no differences among groups in age, sex,
BMI, systolic and diastolic blood pressures, or in
laboratory parameters: fasting blood glucose, HbAlc,
seurm lipid parameters, hemoglobin, hematocrite, and
platelet count (Table 1).

The mean AHI was 10.3+3 in the mild OSAS
group, 21.543.5 in the moderate OSAS group, and

59.4£15.9 in the severe OSAS group. The difference
in AHI, SaO, min, and Sa0, <90% (TST%) between
groups was statistically significant (Table 1).

The MPV values were markedly higher in patients
with severe OSAS than in the control group (8.6+1.1
vs. 7.8€0.7 fl, p=0.03) (Fig. 1). There were no sig-
nificant differences between controls and patients
with mild and moderate OSAS (7.8+0.7 vs. 8.3+1.2 fl,
p=0.2; 7.8+£0.7 vs. 8.4+1.3 fl, p=0.08) and between pa-
tients with mild, moderate, and severe OSAS (8.3+1.2
vs. 8.4+1.3 vs. 8.6+1.1 fl, p=0.9) (Fig. 1). Addition-
ally, correlation of MPV with parameters of sleep was
noted. MPV correlated with AHI (r=0.347, p=<0.001)
(Fig. 2), SaO, min (r=-0.224, p=0.03), and TST%
(r=0.240, p=0.02).

DISCUSSION

In this study, we have demonstrated significant asso-
ciation between MPV and severity of disease in pa-
tients with OSAS.

Obstructive sleep apnea syndrome is a systemic
disorder that leads to cardiovascular complications.
Recent studies show that OSAS is not a simple re-
spiratory abnormality during sleep; the systemic in-
flammatory response generated by OSAS can be as-
sociated with cardiovascular diseases and increased
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MPV (f)
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T
0 20 40
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Figure 2. Correlation between mean platelet volume (MPV) and apnea-
hypopnea index (AHI) in patients with obstructive sleep apnea syndrome.
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60 80 100




18

Tirk Kardiyol Dern Ars

atherothrombotic processes.!*!!

Mean platelet volume is arousing increasing inter-
est as a new, independent cardiovascular risk factor.
(1523 Increased levels of MPV have been shown in
hypertension, hypercholesterolemia, diabetes mel-
litus, obesity, metabolic syndrome, acute myocar-
dial infarction, and acute ischemic stroke.l'”! In the
study by Varol et al.,l'” levels of MPV were signifi-
cantly greater in patients with severe OSAS versus
patients in the control group and patients with mild
to moderate OSAS; however, this study did not ex-
clude hypertension, hypercholesterolemia, and smok-
ing, which could lead elevated MPV. Nena et al.?¥
reported that MPV levels in severe OSAS patients
were significantly higher than in control and mild to
moderate OSAS. The study did not exclude cardiac
or lung disease, chronic renal or hepatic disease, hy-
pertension, hypercholesterolemia, or smoking. Our
study excluded conditions increasing MPV, such as
cardiovascular disease, hypertension, hypercholester-
olemia, and smoking; like Nena et al., the new, more
sensitive diagnostic criteria incorporating HbAlc was
used to exclude diabetes.!***! Our results indicate that
patients with severe OSAS have significantly higher
MPV values versus control and mild to moderate
OSAS, similar to the studies by Varol et al. and Nena
et al.l10-24]

Enhanced coagulability, possibly mediated by
increased sympathetic neural activation, may ex-
plain the meaningful relationship between OSAS
and cardiovascular disease. The circadian distribu-
tion of cardiovascular and vascular events strongly
suggests an interaction between sleep, arousal, and
acute thrombosis. Myocardial infarction and sudden
death exhibit a peak occurrence between 6 a.m. and
11 a.m. Platelets play a key role in ischemic cardio-
vascular disease and increases in platelet aggregabil-
ity and activation have been demonstrated in patients
with OSAS.?" Minoguchi et al.’”! found that platelet
activation was significantly higher in patients with
moderate to severe OSAS than in patients with mild
OSAS or control subjects. Oga et al.?® demonstrated
that ADP-induced platelet aggregability was signifi-
cantly increased in patients with moderate to severe
OSAS compared to patients with mild to no OSAS. In
this study, increased MPV values are seen only in pa-
tients with severe OSAS, which agrees with the stud-
ies cited above.

The exact mechanism of platelet activation in pa-
tients with OSAS is not clear. Three main pathways
may be implicated. First, augmented sympathetic
activity increases concentrations of epinephrine and
norepinephrine as a result of hypoxemia and repeti-
tive arousals from sleep.l?>2% Platelet activation by
catecholamines is dose-dependent.!32 Second, acute
and chronic intermittent hypoxia can cause platelet
activation directly.*** Third, chronic inflammation
is symptomatic of OSAS and leads to increased se-
cretion of interleukin-6 (IL-6) and other pro-inflam-
matory cytokines. Interleukin-3 and IL-6 influence
megakaryocyte ploidy and can lead to the production
of more reactive and larger platelets. Therefore, el-
evated IL-6 levels in patients with OSAS can cause
an increase in MPV values by stimulating the mega-
karyocyte ploidy.’*33¢! According to Oga et al.,”®! in
OSAS patients, CPAP therapy may confer some car-
dioprotective effects through the reduction of plate-
let activation. They found that ADP-induced platelet
aggregability was significantly increased in patients
with moderate to severe OSAS compared to patients
with mild to no OSAS, and that CPAP treatment im-
proved platelet aggregability at 90 days. Varol et al.**)
found that six months of CPAP therapy caused signifi-
cant reductions in MPV values in patients with severe
OSAS.

Platelet volume is mainly determined in the bone
marrow, and large platelets are caused by a reduced
fragmentation of megakaryocytes. MPV has been
shown to inversely correlate with the total platelet
count, which could suggest the consumption of small
platelets and a compensatory production of larger re-
ticulated platelets.!'®"] In our study, there was an in-
verse relationship between platelet count and MPV.
Platelet count tended to decrease from the control
group to the severe OSAS group, similar to the find-
ings of Varol et al.l'” However, it could not reach sta-
tistical significance.

Our study has some limitations including a small
sample size and the use of Epworth’s method and the
Berlin scale rather than AHI in the selection of con-
trol individuals. However, in daily clinical practice,
those methods are used for the selection of appropri-
ate patients for the polysomnography test. In addition,
previous reports have demonstrated the correlation of
the Epworth Sleepiness Scale with the AHL.P" Hyper-
tensive patients were excluded from our study; there-
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fore, we were unable to assess the effects of possible
increased blood pressure during sleeping which could
be induced by apnea and hypopnea episodes.

Conclusion

We found that serum MPV values of patients with
severe OSAS were significantly higher than those of
the control group, and that MPV correlated with AHI.
Our results suggest that patients with severe OSAS,
without other cardiovascular risk factors, tend to have
an increased platelet activation. Increased platelet ac-
tivity could contribute to an increased atherothrom-
botic risk in patients with OSAS. Early diagnosis and
CPAP therapy may confer some cardioprotective ef-
fects through the reduction of platelet activation.

Conflict-of-interest issues regarding the authorship or
article: None declared
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