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ABSTRACT

Introduction: We aimed to observe the changes in platelet activities in patients with obstructive sleep apnea (0SA) and obstructive
lung diseases + obstructive sleep apnea (OLDOSA) syndrome.

Methods: Adult patients who were followed up with the diagnosis of OSA and OLDOSA syndrome between 06.2018-06.2020 in our
clinic were evaluated retrospectively. Changes in platelet indices were investigated.

Results: Of the 354 cases included in the study, 240 were male (67.7%) and 114 were female (32.3%). The control group (simple
snoring) included 53 patients, the OSA group included 230 patients, and the OLDOSA group included 71 patients. The groups showed
similarities in relation to gender (p=0.407). When the mean platelet volume (MPV) and platelet distribution width (PDW) values were
evaluated, a significant discrepancy was noted among the different groups (p=0.01, p=0.02, respectively), enhancing coherence. A
notable disparity was observed among the groups with regard to cardiovascular diseases (p=0.00).

Conclusion: In our study, we found that MPV and PDW values increased in patients with OSA and OLDOSA syndrome compared to the
control group in patients with OSA and OLDOSA syndrome. MPV was found to be significantly higher in the OLDOSA group compared
to the OSA group. We think that these parameters may be indicators of increased cardiovascular risk in patients with OSA and OLDOSA
syndrome.
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attacks. In asthmatic patients, nocturnal bronchospasm can lead to
sleep disturbances and hypoxemia. Therefore, the number of arousals is
higher and nocturnal hypoxemia is observed more severely in patients
with OSA + asthma association (5). A large meta-analysis in 2017 reported
that 49.5% of asthma patients had OSA and that asthma patients were
2.64 times more likely to have OSA than controls (6). In patients with
asthma and COPD, complications with OSA, as well as airway obstruction,
become more pronounced.

Introduction

Overlap syndrome describes the association of obstructive sleep apnea
(OSA) and other pulmonary diseases [asthma, chronic obstructive
pulmonary disease (COPD), interstitial lung disease, and cystic fibrosis].
The association of obstructive lung diseases, namely COPD and asthma,
with OSA has been defined as obstructive lung diseases + OSA (OLDOSA)
syndrome (1).

The co-existence of COPD + OSA is common, and it has been suggested

that the reason is the similarity of the risk factors identified for both ~ Platelets play an important role in atherosclerotic plaque formation,

diseases. Therefore, investigating the presence of COPD in OSA patients
and investigating OSA symptoms and findings in COPD patients will enable
the diagnosis of cases with overlap syndrome (2). The co-existence of OSA
and COPD has a clinically more severe course compared to when each
disease is observed alone (3). Considering the high prevalence of both
COPD and OSA, overlap syndrome is expected in 29% of OSA patients (4).

Another obstructive lung disease associated with OSA is asthma. In the
association between OSA and asthma, sleep apnea may provoke asthma
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progression of atherosclerosis, and thrombosis. Platelets express and
secrete substances involved in the process of inflammation, coagulation,
thrombosis, and atherosclerosis (7). In addition, platelet activation has
been associated with cardiovascular morbidity (8).

Mean platelet volume (MPV) and platelet distribution width (PDW) are
biomarkers of platelet activation (9,10). Increased MPV is a harbinger
of cardiovascular disease (CVD), including cerebrovascular and coronary
artery disease. It has also been associated with the presence of obesity,
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diabetes mellitus (DM), and metabolic syndrome (11,12). During an
inflammatory response, there is an increase in platelet count and
platelet swelling, both of which can affect PDW. PDW is increased by
changes in platelet morphology and size that occur in inflammatory
states (13). In patients with OSA, increased systemic inflammation has
been identified, while chronic inflammation has also been described in
patients with COPD and asthma (14,15).

Our study was planned to compare platelet activities in patients with
OSA and OLDOSA syndrome.

Methods

The study was conducted between 01.06.2018-08.06.2020 in patients
who underwent polysomnography (PSG) as a result of evaluations for
sleep apnea in the chest diseases outpatient clinic. The demographic
data, smoking history, comorbidities, body mass index (BMI), complete
blood parameters taken at first admission, lipid profiles and diagnostic
PSG results of three groups [0SA, OLDOSA syndrome and control group
(apnea-hypopnea index (AHI) <5] were analyzed. Informed consent
was obtained from the patients participating in the study. Patients
with a history of hematologic disorder or malignancy or anomalous
hematocrit, abnormal white blood cell count and/or abnormal platelet
count were excluded. After the present evaluations, we aimed to
examine platelet indices in patients with OSA, and OLDOSA syndrome.
Ethical approval for this study was obtained from the Balikesir
University Clinical Research Ethics Committee (approval number:
2022/107, date: 28.09.2022).

Table 1. General characteristics of patient groups
Controls, (n=53)

Age 48.53£10.39
Gender, (%)

Male 34 (64.2)
Female 19 (35.8)
Smoking, (%)

Yes 24 (45.3)
No 29 (54.7)
Comorbidity, (%)

Yes 24 (45.3)
No 29 (54.7)
Diabetes mellitus (%)

Yes 9(17)
No 44 (83)
Hypertension, (%)

Yes 17 32.1)
No 36 (67.9)
CVD, (%)

Yes 6(11.3)
No 47 (88.7)
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Statistical Analysis

All analyses were performed using SPSS version 23.0. Numerical variables
with normal distribution were defined as mean + standard deviation,
and those with non-normal distribution were defined as median
(minimum-maximum) Categorical variables were expressed as numbers
(percentage). Normality analysis between the groups was performed
with the Kolmogorov-Smirnov test. The chi-square test was used to
evaluate categorical data. In comparing more than two independent
groups, the Kruskal-Wallis test was used for variables that were not
normally distributed; the One-Way ANOVA test was used for normally
distributed variables; and multiple comparison tests (post-hoc) were
used to identify differences between significant groups. According to the
Levene’s test result, the variances of the groups were considered to be
homogeneous, and the Scheffé’s test was applied. A critical a value of
0.05 was considered significant.

Results

Of the 354 cases admitted to the study, 240 were male (67.7%) and
114 were female (32.3%). The control group (simple snoring) comprised
53 patients, the OSA group comprised 230 patients, and the OLDOSA
group comprised 71 patients (27 with COPD, 44 with asthma). When the
groups were evaluated according to gender, a similarity was detected
between the groups (p=0.74) (Table 1). When the age of the groups was
evaluated, a significant difference was found between them (p=0.00)
(Table 1).

While the prevalence of smoking history was highest among individuals
in the OLDOSA group (60.6%), no statistically significant variance was
observed among the groups (p=0.34) (Table 1). The prevalence of

0SA, (n=230) OLDOSA, (n=71) p
51.74+11.57 56.94+11.52 0.00
159 (69.1) 47 (66.2)

0.74
71 (30.9) 24 (33.9)
99 (43 43 (60.6

43) (60.6) 034

131 (57) 28 (39.4)
162 (70.4) 62 (87.3)

0.00
68 (29.6) 9(12.7)
84 (36.5) 32 (45.1)

0.00
146 (63.5) 39 (54.9)
125 (54.3) 41(57.7)

0.00
105 (45.7) 30 (42.3
58 (25.2) 29 (40.8

0.00
172 (74.8) 42 (59.2)

CVD: Cardiovascular disease, OSA: Obstructive sleep apnea, OLDOSA: Obstructive lung diseases + obstructive sleep apnea
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smoking history was notably greater in the OLDOSA group than in the
simple snoring and OSA groups (p=0.01).

When assessed based on the existence of comorbidities, a notable
distinction was observed among the groups (p=0.00). Comorbidities
were mostly observed in the OLDOSA group (87.3%).

The disparity in prevalence rates of DM and hypertension (HT)
showed statistical significance across all groups (p=0.00 and p=0.00,
respectively) (Table 1). In subgroup analysis, a significant difference in
DM and HT was found in the OSA and OLDOSA groups compared to the
control group (p=0.03 and p=0.03, respectively). In addition, although
DM and HT were more common in the OLDOSA group than in the OSA
group, no significant difference was found between the groups (p=0.21
and p=0.68, respectively).

The prevalence of CVD was 11.3% in the control group, 25.2% in the OSA
group, and 40.8% in the OLDOSA group. During the assessment of CVD,
a noteworthy difference was detected among all groups (p=0.00) (Table
1). A statistically significant difference was observed in the OSA and
OLDOSA groups compared to the control group (p=0.00). Additionally,
the OLDOSA group displayed a markedly elevated occurrence of CVD
when contrasted with the OSA group (p=0.01).

Among all patients, 66 patients (18.6%) had hyperlipidemia, 11 patients
(3.1%) had endocrine system disease (other than DM), 18 patients (5%)
had psychiatric disease, 15 patients (4.2%) had urologic disease, 8
patients (2.2%) had rheumatologic disease and 9 patients (2.5%) had
neurologic disease.

When BMI was divided into categories of 30 and above, and below 30, a
statistically significant difference was found among the groups (p<0.01)
(Table 2). A significant difference was detected between the patient
group and the control group (p<0.01). Although there were more obese

Table 2. Age, body-mass index and platelet index of the patient groups

Controls, (n=53)

patients in the OLDOSA group, compared to the OSA group, no significant
difference was found between them (p=0.21).

A notable disparity was observed in the hemoglobin and hematocrit
values among the groups (p=0.02, p=0.04, respectively) (Table 2).
Platelet counts showed no significant variation among the groups
(p=0.91).

The mean value of MPV was determined as 8.60+1.20 in the control
group, 8.72%1.13 in the OSA group and 9.15£1.39 in the OLDOSA group,
and a notable discrepancy was observed among the groups (F=4.23,
p=0.01) (Table 2). In the post-hoc analysis, it was identified that the
mean MPV level in the OLDOSA group showed a significant increase
compared to both the simple snoring group (X=0.54) and the OSA group
(X=0.43).

When the effectiveness of MPV for CVD was evaluated, the AUC value
was found to be 0.522 in the receiver operating characteristic analysis
and not statistically significant (p=0.53).

A remarkable difference was detected among the groups in relation to
the PDW median value (p=0.02) (Table 2). When conducting pairwise
comparisons among the groups, it was observed that the PDW value
exhibited a statistically significant increase in the OSA and OLDOSA
groups compared to the group with simple snoring (p=0.02, p=0.01).
There was no discernible discrepancy between the OSA and OLDOSA
groups (p=0.307).

When comparing the different groups with regard to red cell distribution
width and plateletcrit, no statistically significant variance was detected
(p=0.32, p=0.77).

A notable distinction was observed among the groups with regard to
minimum oxygen saturation, mean oxygen saturation, and the oxygen

‘ <30 29 (54.7%)

Body mass index
>30 24 (45.3%)

Hemoglobin, g/dL 14.34+1.68
Hematocrit, (%) 42.8+4.53
Platelet, (%) 260.91+63.53
MPV, (%) 8.60+1.20
PDW (min.-max.) 16.40 (9.8-19.9)

Pct (min.-max.)
RDW (min.-max.)
Total colesterol
HDL

LDL

AHI score (min.-max.)
Min. O, sat (min.-max.)

Average O, sat (min.-max.)

ODI (min.-max.)

0.22 (0.09-0.35)
13.60 (11-30.2)
192.32436.93
46.57+8.24
117.53435.86
2.80 (0.10-4.9)
94.55 (91.70-98)
89.75 (74-96)
2.75(0.0-52.2)

0SA, (n=230) OLDOSA, (n=71) p

63 (27.4%) 14 (19.7%)

167 (72.6%) 57 (80.3%) 0-00
14.3+1.62 13.641.72 0.02
42.8+4.47 41.245.03 0.04
265.15+67.18 266.14+80.87 0.91
8.72+1.13 9.15+1.39 0.01
16.50 (8.6-20) 16.70 (7.9-19.2) 0.02
0.22 (0.10-0.48) 0.23 (0.10-0.38) 0.77
13.61 (10.5-28.1) 13.96 (11.9-25.9) 0.32
200.70+42.34 190.41+34.93 0.23
45.1149.35 44.37+8.99 0.54
117.38+33.90 117.27431.20 0.99
29.45 (5.2-105) 23 (5.4-89.5) 0.00
92.94 (77-86) 93 (86-96.05) 0.00
82.12 (50-94) 82.91 (53-91) 0.00
26.65 (0.5-111.20) 19 (2-84.2) 0.00

OSA: Obstructive sleep apnea, OLDOSA: Obstructive lung diseases + obstructive sleep apnea, MPV: Mean platelet volume, PDW: Platelet distribution width, Pct: Plateletcrit, ROW: Red cell
distribution width, HDL: High-density lipoprotein, LDL: Low-density lipoprotein, AHI: Apnea-hypopnea index, ODI: Oxygen desaturation index, min.: Minimum, max.: Maximum
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desaturation index (p=0.00, p=0.00 and p=0.00, respectively) (Table 2).
In addition, a significant rise was seen in the patient cohorts in contrast
to the control group (p=0.00, p=0.00, and p=0.00, respectively).
No significant relationship was detected between these parameters and
MPV, and PDW.

No significant disparity was detected among all patients regarding total
cholesterol, high-density lipoprotein, and low-density lipoprotein levels
in the 226 patients for whom data were accessible (p=0.23, p=0.54,
p=0.99, respectively) (Table 2).

Upon analysis of the groups in accordance with the AHI, a significant
disparity was identified among the groups (p=0.00).

Discussion

OSA is a disease characterized by recurrent episodes of full (apnea) or
partial (hypopnea) upper respiratory tract obstruction during sleep
(14). Its prevalence was reported to be 17% in women and 34% in men
between the ages of 30-70 (16). Asthma and COPD are common chronic
respiratory disorders and are important causes of impaired quality of
life, disability and death worldwide (17,18). The presence of COPD and
asthma with OSA separately or together has been defined as OLDOSA
syndrome (1). These associations may aggravate the course of OSA by
leading to chronic hypoxemia, sympathetic activation, subclinical
inflammation, pulmonary HT, and cor pulmonale (19).

Asthma, COPD, and OSA share common risk and aggravating factors such
as old age, obesity, smoking, and gastroesophageal reflux. It has been
reported that the prevalence of OSA increases in the 40-65 age group
and decreases after the age of 65 (20,21). In our study, the mean age was
51.7 years in the OSA group; 55.8 years in the OLDOSA group, and was
found to be compatible with the literature. Smoking, a prevalent risk
factor for the aforementioned conditions, did not show a statistically
significant discrepancy across the groups. However, individuals within
the OLDOSA cohort demonstrated a significantly greater smoking history
compared to the other two groups. The rise seen within the OLDOSA
cohort might be understood through the connection between smoking
and the development of obstructive respiratory conditions.

OSA is known to play a role in the etiology of DM (22). According to
Karakoc et al. (23), the frequency of DM was found to be 3.8% in patients
with simple snoring and 12% in patients with severe OSA. A study
conducted in Italy reported that DM was more common in patients
with COPD than in the general population. The prevalence was 10.5%
in the general population and 18.7% in patients with COPD, compared
with people without COPD (24). A recent review observed that asthma
and DM are two common chronic conditions that frequently coexist
(25). In our investigation, a significant discrepancy in the prevalence
of DM was noted among the different groups. A significant difference
in the measured variable was detected in patient groups compared to
the control group. DM was observed at the highest rate in the OLDOSA
group, while no significant difference was detected between the OLDOSA
and OSA groups for other variables. We believe that this elevation can be
explained by the co-existence of diseases.

A history of sleep apnea is present in 35-40% of hypertensive patients
and HT in approximately 50% of those with sleep apnea (26). In their
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meta-analysis, Xu et al. (27) provided evidence that the frequency of
HT was increased in individuals with overlap syndrome in comparison
to those with either COPD or OSA separately (28). In a study conducted
in middle-aged asthmatic subjects, it was shown that the risk of HT
increased as FEV, decreased (29). In our investigation, the occurrence
of HT exhibited notable disparities among the groups. A significant
difference was observed in patient groups compared to the control
group. Due to the co-existence of diseases, the highest incidence rate
was in the OLDOSA group, consistent with the literature. However, no
significant difference was found between OLDOSA and the OSA group.

Diseases such as heart failure, cerebrovascular disease, atrial fibrillation,
coronary artery disease and HT are strongly associated with OSA (30).
The main events involved in this relationship are increased sympathetic
activation, oxidative stress, vascular inflammation, endothelial
dysfunction, arterial stiffening, and hypercoagulation, which can
be triggered by sleep fragmentation and intermittent hypoxia. With
effective treatment of OSA, the increased risk burden for CVD can be
eliminated (27). The variation in CVD prevalence was noticeable across
all groups. Additionally, a significantly higher prevalence was noted
in the OLDOSA group compared to the OSA group. We anticipate that
both the presence of OSA in the etiology and the frequent occurrence of
cardiovascular comorbidities in airway diseases explain this situation.

Obesity plays a role as a predisposing factor for various diseases such
as OSA, obesity hypoventilation syndrome, asthma, pulmonary HT,
pneumonia, and acute respiratory distress syndrome. There is also
evidence of a strong relationship between COPD and obesity (31,32).
In a study, the prevalence of obesity in COPD patients was reported
to be 18% (33). Obesity is observed in 70% of patients with OSA (34).
It has been shown that 36% of adult asthmatics are obese and have a
later-onset asthma phenotype (35). In our study, obesity was found to
be significantly higher in the OSA and OLDOSA groups compared to the
control group. This phenomenon may be explained by the prevalence
of obesity as a shared risk factor in the pathogenesis of these conditions.
Although obesity was observed at a higher rate in the OLDOSA group
compared to the OSA group, no significant difference was found between
them.

Several investigations have demonstrated heightened platelet
activation and aggregation among individuals diagnosed with OSA
(36-38). Hypoxia along with chronic inflammation can trigger platelet
activation (39,40). There are different studies reporting a relationship
between MPV, which is one of the activation markers, and sleep apnea
(41,42). Archontogeorgis et al. (43) demonstrated an increase in MPV
among individuals diagnosed with overlap syndrome (COPD + OSA) in
comparison to the control group. Furthermore, it was observed that
MPV was higher in patients with overlap syndrome compared to the OSA
group (43). In another study evaluating the relationship between OSA
and MPV, Sarioglu et al. (44) found no significant relationship. In our
study, MPV values exhibited notable variations across all the groupings.
Furthermore, there was a marked elevation in the OLDOSA group in
relation to the OSA group. We hypothesize that these results explain
the highest level of platelet activation in the OLDOSA group, due to the
co-existence of the diseases. Minimum oxygen saturation and average
oxygen saturation, which are indicators of hypoxia, were found to be
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significantly lower in the patient groups than in the control group. These
results support the finding that platelet activation is high in the OSA and
OLDOSA groups.

PDW is an index of platelet volume heterogeneity and may increase in
the activation of platelets (45). Some authors reported that MPV and
PDW increased in OSA and showed a positive correlation after controlling
for possible confounding factors (46). Biatas et al. (47) demonstrated
a correlation between increased PDW and reduced survival rates in
patients diagnosed with COPD. Archontogeorgis et al. (43) showed that
the PDW value was significantly higher in patients with OSA and overlap
syndrome compared to controls. Our research revealed a notable
variance in the PDW value across all the groups. A notable disparity was
identified, particularly when comparing the groups of patients and the
control group. This result was consistent with studies in the literature.
We observed that the PDW value was even higher in the OLDOSA group,
where two diseases leading to platelet activation coexist.

Study Limitations

Our research encountered certain constraints. The sample size of
patients involved was restricted, potentially impacting the study’s ability
to identify any existing effects. Furthermore, given the retrospective
nature of our observational study, one must acknowledge the possibility
of unaccounted confounding variables influencing the outcomes.

Conclusion

Both OSA and OLDOSA syndrome are correlated with elevated platelet
activation leading to an increased risk of thrombosis. Patients with
OLDOSA syndrome may face an elevated susceptibility to thrombosis
as a result of the correlation between OSA and obstructive pulmonary
disease. It is our contention that MPV and PDW, recognized as markers
of platelet activation, ought to be regarded as viable assessment tools
for CVD within this particular patient cohort. Therefore, we think that
by including MPV and PDW in clinical evaluation, possible increased
disease risks can be detected earlier and the disease burden can be
reduced. This is the first study to evaluate platelet activation in OLDOSA
syndrome. There is a need for research with a larger population to
evaluate the association of MPV and PDW with increased cardiovascular
risk in these patients.
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