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GiRiS ve AMAC: Bu calismanin amaci, yeni birer belirteg
olan; ortalama trombosit hacmi (MPV)/yiksek dansiteli
lipoprotein (HDL) ve eritrosit dagihm hacmi (RDW)/HDL
oranlari ile obstruktif uyku apne sendromu (OUAS) varligi ve
siddeti arasindaki iliskiyi degerlendirmektir.

YONTEM ve GERECLER: Ocak 2017 ile Mart 2020 arasinda
polisomnografi yapilan ve sonuglarina eksiksiz ulasilabilen
510 hasta ile ¢galisma yapilmigtir. Tiroid hormon duzeylerini
ve uyku dlzenini etkileyebilecek ilag kullanan hastalar
¢alisma disi tutulmugtur. OUAS olan ve OUAS olmayan
hastalarin; yas, cinsiyet, notrofil, lenfosit ve trombosit sayisi,
ortalama eritrosit hacmi (MCV), MPV, RDW, HDL,
monosit/HDL, MPV/HDL ve RDW/HDL oranlari karsilastirildi.
BULGULAR: OUAS siddetiyle; yas, HDL, RDW, MPV/HDL ve
RDW/HDL orani arasinda anlamli bir iliski saptanmistir.
OUAS olanlarda kontrol grubuna goére (OUAS olmayan); yas
ve cinsiyet arasinda anlamli bir iliski saptanmistir.
TARTISMA ve SONUC: MPV/HDL ve RDW/HDL oranlari, OUAS
siddetini gostermek igcin yeni birer belirte¢ olarak
kullanilabilir.

Anahtar Kelimeler: Obstriktif Uyku Apne Sendromu,
Ortalama Trombosit Hacmi, Eritrosit Dagihm Hacmi, Yiksek
Dansiteli Lipoprotein

Abstract

INTRODUCTION: The aim of this study is to analyze
correlation between novel markers mean platelet volume
(MPV)/high density lipoprotein (HDL) and erythrocyte
diameter width (RDW)/HDL ratios, and existence and
severity of OSAS.

METHODS: Patients who had polysomnography test
between January 2017 to March 2020 were evaluated and
510 patients whose complete records could be obtained
were enrolled. Participants who were using drugs affecting
thyroid and sleep order were excluded. Participants were
compared for age, gender, monocyte, neutrophil,
lymphocyte and platelet counts, mean corpuscular volume
(MCV), MPV, RDW, HDL, monocyte/HDL, MPV/HDL and
RDW/HDL ratios in OSAS group and control group.
RESULTS: There was a significant correlation between
severity of OSAS and age, HDL, RDW, MPV/HDL and
RDW/HDL ratios. Compared to control group, there were
significant differences in age (p=0.005) and HDL (p=0.001)
in OSAS group.

DISCUSSION and CONCLUSION: MPV/HDL and RDW/HDL
ratios may be used to predict severity of OSAS, as novel
markers.

Keywords: Obstructive Sleep Apnea, MPV, RDW, HDL,
MPV/HDL ratio, RDW/HDL ratio

INTRODUCTION

Obstructive sleep apnea syndrome (OSAS) will
result in partial or total obstruction of upper
respiratory tract in sleep. Snoring, daytime
sleepiness, tiredness, diminished attention,
increased appetite and weight gain, witnessed
apnea, apathy and lethargy are usual symptoms
of OSAS1. OSAS is characterized by recurring

partial or total obstruction of upper airways.
Obstruction of airway will result in paroxysmal
hypoxia and hypoxia will disrupt sleep. Because
of insufficient sleep in nighttime, suffering
individual will experience daytime sleepiness2.
Systemic inflammation has been reported to
have a role in etiopathogenesis of OSAS. Balance
among parasympathetic and sympathetic system
disrupts and intrathoracic pressure changes
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according to. OSAS has interchanging hypoxia
and re-oxygenation rounds, and hypoxia is the
basis of tissue damage3.

Erythrocyte diameter width (RDW); will reflect
heterogeneity of size of red cells. Increased value
in RDW means increased size differences in
erythrocytes. RDW will increase in existence of
inflammation. RDW is reported to be increased in
OSAS along with inflammation4.

Mean platelet volume (MPV) is an indicator
showing thrombocyte size and functionality5.
MPV is a sign of platelet activity, greater size of
platelets will have greater thrombotic activity6.
Compared to smaller sized platelets, greater
sized platelets have more granules, will have
greater affinity for collagen, produce more
thromboxane A2 (increase thrombotic activity)
and have more glycoprotein 1b and 2b/3a
receptors7. In OSAS, platelets were reported to
have increased thrombotic activity and
aggregation8.

HDL has anti-platelet effect9. Also anti-
inflammatory and anti-oxidative effects of HDL
were found to be protective in cardiovascular
diseases10. HDL values were reported to be an
independent predictor of RDW values11. Taking
these into account, a ratio of RDW to HDL
(RDW/HDL) was designed and the role of this
ratio in showing severity of inflammation was
inspected in OSAS.

MPV values of participants who have lower HDL
values were reported to be higher, compared to
participants having higher HDL values12. Since
these two parameters were found related, a ratio
of MPV to HDL (MPV/HDL) was designed and
relation of MPV/HDL ratio to OSAS severity was
analyzed in this reported study.

In this study it was aimed to analyze the relation
of new inflammatory indicators; MPV/HDL and
RDW/HDL ratios which are an easily available and
relatively cheap tests with OSAS existence and
OSAS severity.

METHODS

This is a single center, retrospective study
conducted in a private hospital. Patients
admitted to hospital between January 2017 to
March 2020 with complaints of witnessed apnea,
snoring, tiredness and daytime sleepiness who
had polysomnography tests and were enrolled to
study. Total of 899 patient records were
inspected and 510 patients whose complete
records could be obtained were enrolled. In
order to eliminate negative effects of diseases
and conditions on study parameters; participants
having malignancies, acute infection,
neuromuscular diseases and cerebrovascular
disease histories were excluded since these
might affect sleep quality. Participants who had
transfusion history in the last 3 months,
participants who were using lipid lowering drugs
were also excluded, because those could affect
study parameters.

Relation of OSAS severity to age, gender,
monocyte, neutrophil, lymphocyte and platelet
counts, mean erythrocyte volume (MCV), MPV,
RDW, HDL, monocyte/HDL ratio and novel
indicators MPV/HDL and RDW/HDL ratios were
analyzed. Participants were grouped into two
groups according to existence of OSAS.
Participants having OSAS were divided into three
groups according to apnea-hypopnea index
(AHI). Participants who had similar complaints
and whose polysomnography tests turned out
normal were constituted into control group. The
patients in OSAS and control groups were
compared for age, gender, monocyte,
neutrophil, lymphocyte and platelet counts,
MCV, MPV, RDW, HDL, monocyte/HDL,
MPV/HDL and RDW/HDL ratios. This study was
approved by local ethics committee (App.No:
2020/017) and conducted in concordance with
Helsinki declaration and good clinical practice
guidelines.

Polysomnography

All participants who had polysomnography test
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with Embla N7000 (Natus Neurology, Embla
Systems, Ontario, Canada) were monitored by
video records supervised by an experienced
technician, in a room with single bed. Patients’
respiratory patterns, leg electromyography
(EMG), electrocardiography (ECG), nasal airflow,
thoracic and abdominal respiratory movements
and blood oxygenation levels with a pulse
oxymeter were recorded for all patients. Criteria
of American Academy of Sleep Medicine (AASM)
in 2012 were used in scoring of polysomnography
records. Apnea and hypopnea frequency during
sleep was inspected and apnea-hypopnea index
were calculated. Apnea was defined as; 90%
decrease in airflow through nose or mouth
lasting at least 10 seconds. Hypopnea was
defined as; 30% decrease in airflow and a
decrease in blood oxygen saturation more than
3% lasting at least 10 seconds. AHI was calculated
with the sum of apnea and hypopnea. AHI value
less than 5 were accepted to be normal and not
having OSAS. Values between 5 to 15 were
accepted to have mild OSAS, 15 to 30 were
accepted as moderate OSAS and values greater
than 30 were accepted as having severe OSAS.

Blood samples were taken after
polysomnography test before breakfast. Whole
blood count test were analyzed by Sysmex XN-
1000 (USA). Lipid values were analyzed by
chemiluminescence method in Roche Hitachi
Cobas 501 (Switzerland).

Statistical Analysis

All data were analyzed in SPSS version 25.0 (SPSS
Inc., Chicago, IL, USA). All variables were
inspected by Kolmogorov-Smirnov test and
distribution were normal. Data were reported as
mean + standard deviation. One way Anova test
was used to analyze difference between groups.
Results having p value <0.05 was accepted as
significant statistically.

RESULTS

Compared to control group, there were

significant differences in age (p=0.005) and HDL
(p=0.001) in OSAS group. However, there were
no significant correlation between OSAS and
gender, monocyte, neutrophil, lymphocyte,
platelet count, MCV, MPV, RDW, monocyte/HDL,
RDW/HDL and MPV/HDL ratios. Clinical and
laboratory characteristics of the patients with
OSAS and non-0OSAS group are shown in table 1.

The polysomnography results of 510 patients
showed that 26 (%5) participants did not have
OSAS and 484 (%95) had OSAS; 76 (%15) patients
had mild, 137 (%27) patients had moderate and
271 (%53) patients had severe OSAS. Participants
were 17 to 93 years old. Of 510 patients enrolled
to the study; 361 (%71) were male and 149 (%29)
were female. Mean age of participants were
50.45+11.94 years. Male participants' mean age
were 48.83+11.86. Female participants' mean
age were 54.40+11.86.

The comparison of the control group with mild,
moderate and severe OSAS groups showed
significant differences for age, HDL, RDW,
RDW/HDL and MPV/HDL ratios. However, there
were no significant correlation between OSAS
severity and gender, monocyte, neutrophil,
lymphocyte and platelet count, MCV, MPV, and
monocyte/HDL ratio (Table 2).

There was significant differences between the
control group and severe OSAS subgroup and
between mild and severe OSAS subgroup for age.
There was significant differences between the
control group and moderate OSAS subgroup and
severe OSAS subgroup, and between mild and
severe OSAS subgroups for HDL. There was
significant differences between mild and severe
OSAS subgroups, and between moderate and
severe OSAS subgroups for RDW. There was a
significant difference between mild and severe
OSAS subgroups for RDW/HDL ratio. There was a
significant difference between mild and severe
OSAS subgroups for MPV/HDL ratio (Table 3).
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Table 1. The characteristics of OSAS* and control group

OSAS group Control group p value

Age (years) 50.80+11.87 44,04+11.73 0.005
Gender (female/male)(%) 71/29 69/31 0.850
HDL' (mmol/L) 1.07+0.23 1.29+0.47 0.001
Monocyte (x10%/L) 0.67+0.43 0.60+0.21 0.410
Neutrophil (x10%/L 5.01£2.00 5.3£2.00 0.470
Lymphocyte (x10%/L 2.56+0.80 2.43+0.80 0.460
Platelet Count (x10°/L 26666 262+56 0.760
MCV? (fL) 83.5+5.0 82.9+5.0 0.600
MPV$ (fL) 9.91£1.00 10.1£1.00 0.220
RDW! (%) 13.5+1.8 13.4+1.4 0.770
Monocyte /HDL 0.17+0.012 0.13+0.007 0.240
RDW/HDL 0.34+0.09 0.3+0.09 0.090
MPV/HDL 0.25+0.07 0.23+0.05 0.270

* Obstructive Sleep apnea syndrome

t High density lipoprotein ¥ Mean erythrocyte volume

§ Mean platelet volume || Erythrocyte diameter width

Table 2. Comparison of control and OSAS* subgroups for characteristic features and laboratory parameters

Controls Mild OSAS Moderate Severe P value
OSAS OSAS

Age (y) 44.04+11.73 46.4+11 49.6£12 52.62+11 <0.001
Gender (female/male)(%) 69/31 66/34 74/26 71/29 0.680
HDL' (mmol/L) 1.29+0.47 1.15+0.23 1.07£0.23 1.05+0.21 0.001
Monocyte (x10%/L) 0.60.2 0.59+0.1 0.69+0.7 0.67+0.2 0.270
Neutrophil (x10%/L 5.3£2.1 4.6+1.5 4.8+2.0 5.242.0 0.090
Lymphocyte (x10%/L 2.44+0.8 2.6+0.8 2.54+0.7 2.5+0.8 0.800
Platelet Count (x10°%/L 262+56 262467 26663 266+68 0.990
MCV? (fL) 82.9+5.8 83.245.2 84+4.9 83.4£6.0 0.700
MPV$ (fL) 10.1+£1 9.7+0.8 9.8+1.1 9.9+1.0 0.220
RDW! (%) 13.4+1.4 13.1+1.4 13£1.0 13.84¢2.0 <0.001
Monocyte /HDL 0.013+0.002  0.013+0.001 0.017+0.02 0.07+£0.001 0.160
RDW/HDL 0.3+0.09 0.31+0.07 0.33+0.07 0.35+0.10 0.002
MPV/HDL 0.23+0.07 0.22+0.05 0.25+0.06 0.25+0.05 0.028

* Obstructive Sleep apnea syndrome
t High density lipoprotein
§ Mean platelet volume

¥ Mean erythrocyte volume
|| Erythrocyte diameter width

- ____—__—____________—_—_—_____—_____—___|
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Table 3. Statistical comparison of OSAS* subgroups and the control group

Normal- Normal- Mild- Mild-
Normal- Modere-
moderate severe moderate severe
mild OSAS severe OSAS
OSAS OSAS OSAS OSAS
p value p value

p value p value p value p value
Age 0.800 0.110 0.002 0.210 <0.001 0.070
Gender 0.980 0.960 0.990 0.610 0.820 0.930
HDL' 0.240 0.010 0.002 0.290 0.050 0.870
Monocyte 0,998 0.710 0.800 0.310 0.400 0.970
Neutrophil 0.460 0.710 0.990 0.890 0.140 0.340
Lymphocyte 0.790 0.950 0.880 0.900 0.960 0.980
Platelet Count 0.990 0.980 0.980 0.991 0.989 0.991
MCV# 0.990 0.830 0.970 0.780 0.990 0.800
MPVH 0.380 0.450 0.810 0.990 0.500 0.560
RDW!I 0.910 0.850 0.670 0.990 0.020 0.001
Monocyte /HDL 0.990 0.570 0.550 0.300 0.230 0.991
RDW/HDL 0.990 0.650 0.110 0.510 0.008 0.120
MPV/HDL 0.990 0.750 0.480 0.200 0.020 0.840

* Obstructive Sleep apnea syndrome
T High density lipoprotein
§ Mean platelet volume

¥ Mean erythrocyte volume
| | Erythrocyte diameter width

DISCUSSION

The present study mainly examined the
relationship between MPV/HDL and RDW/HDL
ratio and OSAS severity. To the best of our
knowledge, this is the first study to investigate
this association. The results showed that these
novel indicators were increased along with the
severity of OSAS. When compared to other
inflammatory markers that are costly and require
special laboratory resources, such as interleukin-
6 (IL-6), interleukin-8 (IL-8), inter cellular
adhesion molecule, vascular cell adhesion
moleculel3, selectins and tumor necrosis factor
alfa (TNF-a), these novel indicators can be easily
and commonly used with lower costs.

Existence of systematic inflammation in OSAS is
already known3. When severity of inflammation
increases, severity of OSAS also increases3. In
OSAS; intermittent hypoxia is more dangerous
because re-

than  continuous  hypoxia,

oxygenation will generate reactive oxygen
species14. Intermittent hypoxia is reported to
cause systemic inflammation15. Continuous
positive airway pressure (CPAP) treatment is
being used in OSAS and this treatment will result
in a decrease in inflammatory indicators16.

In a study with general population, it has been
reported that increase in RDW values were
associated to lower high density lipoprotein
(HDL) and increased inflammation was reported
as the causel7. People having low HDL levels will
have higher oxidative stress and inflammation.
Inflammation will cause an increase in MPV
levels18. There was an inverse relation between
HDL and RDW in coronary artery diseasell. Low
HDL levels may cause inflammation and this will
result in higher MPV levels19. HDL also increases
nitric oxide (NO) synthesis and release from
endothelial cells and affects thrombocyte
increase

functions. NO megakaryocyte
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production20. So increases in RDW and decrease
in HDL values were expected in more severe
OSAS groups and significant statistical difference
was found between HDL and RDW/HDL ratio and
OSAS severity in this reported study as expected.
Anti-inflammatory and anti-oxidative effects of
HDL may improve severity of OSAS.

Inflammatory indicators were found to be useful
in predicting sleep time hypoxia and
complications in OSAS21. AHI, MPV and RDW
were found to be related with acute or chronic
hypoxia in OSAS21. In a study with rats, chronic
intermittent hypoxia was found to be increasing
thrombocyte activity and  thrombosis22.
Desaturation of oxygen will increase
thrombocyte surface adhesion molecules,
glycoprotein receptor activity, thrombocyte and
monocyte aggregation23. Chronic inflammation
and oxidative stress were found to be related to
increase in RDW values24. Thus, MPV and RDW
values are related with OSAS severity. In this
reported study, RDW level was significantly
higher in moderate and severe OSAS patients.
There was no relationship ship between MPV and
OSAS severity but there was a significant
difference between mild and severe OSAS
subgroups for MPV/HDL ratio. MPV/HDL ratio
can be used as an inflammatory indicator.

Prevalence of OSAS increases with age between
age 18 and 45, and draws plateau between ages
55 and 6524. Also prevalence of OSAS in men was
found to be two times more than women25.
Similarly, in this reported study 71% of
participants who had OSAS were men and
severity of OSAS was found to be increasing with
age. In a study with 2006 men and 339 women
participants reported by Huang et al. OSAS
severity was found to be distinctively frequent in
men compared to women26. But reported study
did not reveal any association between severity
of OSAS and gender.

There are some limitations in this study. Study
was retrospectively planned and only

participants whose complete records could be
retrieved were enrolled to study. Only AHI data
was used since other data gathered (oxygen
desaturation indexes and cumulative time
percentage with oxygen saturation below 90%
from nocturnal oximetry) in polysomnography
could not be reached. Also control group
constituted from participants whose
polysomnography were normal and number in
this group was comparatively low. Another point
to be mentioned may be the changes in these
inflammatory markers in follow up of patients
who had surgical intervention or effect of CPAP
treatment in severe OSAS group. Since the study
was retrospective, changes in these novel
inflammatory markers were not followed up and
effects of treatments could not be inspected.

In conclusion; MPV/HDL and RDW/HDL ratios can
be used in determining severity of OSAS. More
studies conducted with MPV/HDL and RDW/HDL
ratios may be useful for evaluating usability of
these novel indicators in other inflammatory
conditions.
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