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Abstract 

Background: Obstructive sleep apnea (OSA) is a unique potent predictor for stroke compared to other predictors. By 
aiding in the adherence of leukocytes and platelets, soluble P‑selectin (sP‑selectin) contributes to the development of 
ischemic stroke. The objective of this study was to investigate the independent impact of OSA on platelet activation 
and development of silent brain infarction. Twenty‑four OSA patients and 24 controls were studied in a case–control 
study, who underwent one‑night polysomnography, magnetic resonance imaging for evaluation of silent brain infarc‑
tions (SBI), measurement of serum (sP‑selectin) levels for assessment of increased platelet activation and C‑reactive 
protein (CRP) serum levels.

Results: Out of 24 patients, 5 (20.8%) had mild OSA and 8 (33.3%) had moderate and 11 (45.8%) had severe OSA. 
Serum levels of sP‑selectin were statistically significantly higher in moderate and severe groups (p < 0.001). Eleven 
(57.9%) patients in moderate and severe OSA had SBI. Fifty percent of patients with moderate OSA had elevated 
serum sP‑selectin and 25.0% of them had SBI and 81.8% of severe OSA patients had elevated serum sP‑selectin and 
81.8% of them had SBI. Patients with mild OSA and controls had no SBI and normal serum sP‑selectin level. CRP was 
statistically significantly higher in moderate and severe OSA groups (16.6% and 45.8%) than the mild and control 
groups (4.1% and 0%) (p < 0.001).

Conclusion: Moderate and severe obstructive sleep apnea were associated independently with elevated serum sP‑
selectin reflecting increased platelet function, elevated inflammatory marker CRP and an increased risk of silent brain 
infarctions.
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Background
Because of the widespread prevalence of obstructive 
sleep apnea (OSA), it has become a common health 
problem, defined by recurrent attacks of hypoxia during 
sleep [1]. Severe OSA has been related to atherosclerosis, 
hypertension, ischemic heart, and cerebrovascular dis-
eases [1–3]. Several inflammatory cascades are triggered 

by OSA that may enhance platelet activation and lead to 
silent brain infarction (SBI), even without other known 
risk factors like diabetes and coronary heart disease [4].

E-, L-, and P-selectins are three forms of cell surface 
proteins on endothelial cells, leukocytes, and platelets. 
By mediating leukocyte recruitment, are supposed to 
enhance the processes of inflammation. Soluble P-selec-
tin (sP-selectin) is one of the most significant proteins 
participating in activation of platelets [5, 6]. sP-selectin 
plays a role in leukocyte adhesion and recruitment, and 
so facilitating development of atherosclerosis [7].

C-reactive protein (CRP) is an inflammatory predic-
tor that participates in development of atherosclerosis, 
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by stimulating coronary arteries smooth muscle cells and 
endothelial cells and by promoting vascular and intracel-
lular cell adhesion molecules expression [8].

By increasing the development of hypertension and 
endothelial dysfunction, OSA may be linked to an 
increased incidence of silent brain infarction (SBI). 
However, earlier research looking into the relationship 
between OSA and SBI have produced incongruent out-
comes [9–11]. This study was conducted to investigate 
the independent impact of OSA on platelet activation 
and development of silent brain infarction.

Methods
This case control study was conducted in the Neurol-
ogy Department, and Diagnostic Radiology Depart-
ment of Suez Canal University Hospital, Ismailia, Egypt, 
between February 2018 to January 2019. Twenty-four 
patients aged ≥ 18  years of both sexes attended to the 
Otolaryngology and Chest outpatient clinics of Suez 
Canal University Hospital diagnosed clinically as OSA by 
professional consultants according to their complains of 
daytime sleepiness, or their bed partner reports of loud 
snoring, gasping, choking, snorting, or interruptions 
in breathing while sleeping or had narrow or “crowded” 
airway, large neck circumference or craniofacial abnor-
malities as retrognathia. Nonsmokers, without evidence 
of systemic infection for minimum 15  days prior to the 
study, and not using any drugs, nonobese with body 
mass index (BMI) < 25 [12] were included. Patients with 
BMI > 25, with any disease as diabetes mellitus, hyperten-
sion, dyslipidemia, atrial fibrillation, ischemic heart dis-
ease, vasculitis, old stroke, and smokers were excluded. 
Twenty-four age, sex and BMI-matched controls were 
obtained from the healthy subjects.

The Suez Canal University faculty of medicine’s eth-
ics committee approved the study after all participants 
signed informed consent forms.

A thorough medical history and examination, complete 
blood picture, vasculitis panel, serum uric acid, serum 
creatinine, liver enzymes, prothrombin time and serum 
albumin, lipid profile, Hb  A1C, fasting and 2 h postpran-
dial blood sugar and erythrocyte sedimentation rate 
(ESR) were performed for each participant in the study.

C-reactive protein (CRP) was estimated using the latex 
agglutination test by (CRP Latex test kit, Immuno-Diag-
nostics, USA, Ref-310-100-31) which checks macroscop-
ically for apparent agglutination directly after taking off 
the slide from the rotator, normal level was < 6 mg/l.

sP-selectin analysis was used to assess increased plate-
let activation, blood samples were collected after doing 
polysomnography (PSG) at 6:00 a.m. and before cen-
trifugation let to clot for 15 min on ice and until analy-
sis the serum was stored at − 40  °C. The sP-selectin 

enzyme-linked immunosorbent assay kit (Sino Gene 
Clon Biotech Co., Ltd, China, catalog No.: SG-10508) was 
utilized to evaluate the sP-selectin human serum levels. 
Following manufacturer’s instructions, ELISA assay was 
conducted on diluted samples. The kit’s assay range was 
1–140 ng/ml.

The translated Arabic form of Epworth Sleepiness 
Scale (ESS) was used to evaluate OSA clinically [13]. The 
total score ranged from 0–24. Excessive daytime sleepi-
ness (EDS) was considered at a score ≥ 10 [14]. Full night 
diagnostic PSG study was carried out for all participants 
started sleep at 10:00  p.m. till 6:00  a.m. A sleep techni-
cian carried out the PSG study using E-Series EEG/
PSG system © Compumedics Limited 2004, Australia 
which included video recording of electroencephalog-
raphy with two frontal, two central and two occipital 
derivations, electrooculography with right and left eye 
derivations, nasal-oral airflow with thermal device, nasal 
pressure, snoring sensor, respiratory effort with abdomi-
nal and thoracic belts, pulse oximetry for oxygen satura-
tion, EMG for submental, right, and left tibialis anterior 
muscles.

Clinical neurophysiology specialist performed sleep 
staging and event scoring manually according to the 
American Academy of Sleep Medicine [15]. An apnea 
episode was defined as a 90% reduction in airflow for 
at least 10  s and Hypopnea occurs when the airflow is 
reduced by 30% or more for at least 10 s, and oxygen sat-
uration drops by 3% or more or associated with arousal 
[15].

The apnea/hypopnea index (AHI) was the apneas and 
hypopneas number per hour of sleep and OSA was cat-
egorized as mild, moderate, and severe as AHI levels of 
≥ 5 to 15, ≥ 15 to 30 and ≥ 30, respectively [16].

A 1.5-Tesla magnetic resonance imaging unit (Achieva; 
Philips Medical Systems, the Netherlands) was utilized 
to scan the entire brain for silent infarctions, result-
ing in 20 axial images. There was an interslice gap of 
2 mm between the slices and the thickness of the slices 
was 5  mm fluid-attenuated inversion recovery (FLAIR), 
T1-weighted images (T1WI), T2-weighted images 
(T2WI), diffusion-weighted, and axial gradient echo 
(GRE) images were acquired [17]. Images were presented 
on a workstation monitor and assessed by a professional 
neuroradiologist who was unaware of the patients’ identi-
ties or diagnosis.

According to the criteria of Yoshida and colleagues 
[18], SBI was defined as lesions with a broadest diam-
eter ≥ 3  mm showing T2WI and FLAIR hyperintensity, 
and T1WI hypointensity, without clinical manifesta-
tions that match to the MRI abnormalities and with lack 
of clinical stroke medical history. The lesions > 3  mm 
in locations with a high frequency of large perivascular 



Page 3 of 8Abd El‑Razek et al. Egypt J Neurol Psychiatry Neurosurg          (2022) 58:134  

spaces, as the lower part of the basal ganglia were not 
considered as infarcts. Infarcts were classified as cortical, 
subcortical, basal ganglia, brainstem, and cerebellar [19].

The IBM SPSS 20.0 software package was applied to 
analyze the data. (Armonk, New York: IBM Corp.) Vari-
ables were analyzed for normality of distribution utilizing 
the Shapiro–Wilk test; categorical variables were ana-
lyzed utilizing the Chi-square test (Monte Carlo). Stu-
dent’s t-test utilized for comparison between two groups 
for normally distributed quantitative variables while 
ANOVA was utilized for the four studied groups, respec-
tively, for quantitative variables that were not normally 
distributed. Mann–Whitney test utilized for comparison 
between two groups and Kruskal–Wallis test between 
different groups. At 5% level, the significance of the find-
ings was assessed.

Results
Forty-eight participants, 24 OSA patients, and 24 con-
trols were involved in this study. The patients’ ages 
ranged from 19 and 53  years (mean = 36.0 ± 10.26) 
and the controls’ ages ranged from 18 and 50  years 
(mean = 35.0 ± 11.01). Fourteen subjects (58.3%) were 
males and 10 (41.7%) were females in patients, while in 
controls, 13 subjects (54.2%) were males, and 11 subjects 
(54.8%) were females. The mean BMI was 21.25 ± 2.27 
for patients, 20.88 ± 2.25 for controls. Between the two 
groups, differences in age, gender, and BMI were statis-
tically non-significant (p value = 0.746, 0.771 and 0.568), 
respectively. The range of ESS in patients was from 
11–22 with a mean (14.33 ± 2.85) and it was statistically 

significantly higher than the controls which ranged 
from 0–8 with a mean (3.08 ± 2.62) (p value = < 0.001) 
(Table 1).

The different sleep parameters including sleep struc-
ture, sleep stages and sleep abnormalities among patients 
and controls are shown in Table 2. The patients were clas-
sified into mild OSA (20.8%), moderate OSA (33.3%), and 
severe OSA (45.8%) based on the AHI (Table 3).

Thirteen (54.2%) patients had elevated sP-selectin 
serum levels, 4 patients (16.7%) had moderate OSA, and 
9 patients (37.5%) had severe OSA, while all patients 
with mild OSA and all controls had normal sP-selectin 
serum level. The serum levels of sP-selectin in controls 
(range 1.0–135.0) (mean = 62.50 ± 45.76) and in mild 
OSA patients (range 25–138) (mean 78.60 ± 51.18) were 
within the normal range but they were higher in moder-
ate OSA patients (range 48–201) (mean = 133.25 ± 53.78) 
and much higher in severe OSA patients (range 96–450) 
(mean = 261.27 ± 106.77) and statistically this difference 
was significant (p value = < 0.001) (Table 4).

Sixteen (66.7%) patients had elevated CRP, 1 (4.1%) 
patient had mild OSA, 4 (16.6%) patients had moderate 
OSA, and 11 (45.8%) patients had severe OSA while all 
controls had normal CRP, and statistically this difference 
was significant (p value = < 0.001) (Table 4).

Eleven (45.8%) patients had silent brain infarction 
(SBI); 2 (8.3%) patients with moderate OSA and 9 (37.5%) 
patients with severe OSA while all patients with mild 
OSA and all controls had no SBI, and statistically this dif-
ference was significant (p value = < 0.001). Nine (81.8%) 
SBI were lacunar SBI, 10 (90.9%) SBI were unilateral, and 
their size was 3–15 mm, 8 (72.7%) SBI were only one, and 

Table 1 Demographics and clinical data among patients and controls

SD: standard deviation; t: Student’s t‑test; U: Mann–Whitney test; χ2: Chi‑square test; BMI: body mass index
* Statistically significant at p ≤ 0.05

Patients (n = 24) Controls (n = 24) Test of sig p

Age (years)

 Mean ± SD 36.0 ± 10.26 35.0 ± 11.01 t = 0.325 0.746

 Median (min.–max.) 35.0 (19.0–53.0) 37.0 (18.0–50.0)

Sex

 Male 14 (58.3%) 13 (54.2%) χ2 = 0.085 0.771

 Female 10 (41.7%) 11 (45.8%)

BMI (kg/m2)

 Mean ± SD 21.25 ± 2.27 20.88 ± 2.25 t = 0.575 0.568

 Median (min.–max.) 21.50 (17.0–24.0) 21.0 (17.0–25.0)

Epworth Sleepiness Scale

 < 10 normal 0 (0%) 24 (100%) χ2 = 48.0* < 0.001*

 ≥ 10 abnormal 24 (100%) 0 (0%)

 Mean ± SD 14.33 ± 2.85 3.08 ± 2.62 U = 0.0* < 0.001*

 Median (min.–max.) 14.0 (11.0–22.0) 2.50 (0.0–8.0)
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the subcortical white matter is the most common site of 
SBI 7 (63.6%) (Table 5).

The serum level of sP-selectin had a significant posi-
tive correlation with ESS, total sleep time (TST), AHI, 
arousal index,  O2 desaturation index, CRP, and num-
ber of SBI, where r = 0.662, 0.662, 0.554, 0.819, 0.641, 
0.565, 0.907 and 0.811 and p = 0.001, 0.005, 0.001, 
0.001, 0.004, 0.001 and 0.001, respectively. It had a 
significant negative correlation with lowest  O2 satu-
ration, r = − 0.445, and p = 0.029, while there was no 
significant correlation between the sP-selectin serum 
level and age and BMI, r = 0.380, 0.147 and p = 0.067, 
0.494, respectively (Table  6). The sP-selectin serum 

Table 2 Sleep parameters among patients and controls

SD: standard deviation; t: Student’s t‑test; U: Mann–Whitney test; REM: rapid eye movement; AHI: apnea–hypopnea index
* Statistically significant at p ≤ 0.05

Patients (n = 24) 
Mean ± SD
Median (min.–max.)

Controls (n = 24) 
Mean ± SD
Median (min.–max.)

Test of sig p

Total sleep time (min.) 348.3 ± 96.9 383.1 ± 39.6 t = 2.277* < 0.05*

332.0 (129.5–479) 353.0 (244–477)

Sleep efficiency % 74.93 ± 11.0 88.75 ± 3.64 t = 5.842* < 0.001*

75.55 (52.10–92.0) 88.20 (81.80–94.50)

Arousal index 23.42 ± 7.75 4.51 ± 2.74 t = 11.266* < 0.001*

26.05 (10.20–36.0) 4.20 (0.80–9.40)

REM% 16.30 ± 11.71 13.36 ± 4.92 U = 273.50 0.958

12.90 (4.90–47.90) 12.30 (4.30–20.50)

AHI 34.79 ± 21.80 1.50 ± 1.18 U = 0.0* < 0.001*

28.85 (8.10–83.10) 1.20 (0.0–3.90)

O2 desaturation Index 8.77 ± 8.22 1.81 ± 2.01 U = 113.0* < 0.001*

8.35 (0.0–25.20) 1.05 (0.0–6.40)

Lowest  O2 saturation 78.58 ± 13.42 90.75 ± 5.16 t = 4.145* < 0.001*

84.0 (50.0–94.0) 92.0 (81.0–97.0)

Table 3 Severity of obstructive sleep apnea among the patients 
(n = 24)

AHI: apnea–hypopnea index

Obstructive sleep apnea No. (%)

Normal (AHI < 5) 0 (0%)

Mild (AHI ≥ 5) 5 (20.8%)

Moderate (AHI ≥ 15) 8 (33.3%)

Severe (AHI ≥ 30) 11 (45.8%)

Table 4 sP‑selectin and C‑reactive protein serum levels among patients and controls

SD: standard deviation; H: H for Kruskal–Wallis test; χ2: Chi‑square test; MC: Monte Carlo
* Statistically significant at p ≤ 0.05

Mild (n = 5) Moderate (n = 8) Severe (n = 11) Controls (n = 24) Test of sig p

sP‑selectin (ng/ml)

 Normal (1–140) 5 (100%) 4 (50%) 2 (18.2%) 24 (100%) χ2 = 29.419* MCp < 0.001*

 > 140 0 (0%) 4 (50%) 9 (81.8%) 0 (0%)

 Mean ± SD 78.60 ± 51.18 133.25 ± 53.78 261.27 ± 106.77 62.50 ± 45.76 H = 25.631* < 0.001*

 Median (min.–max.) 80 (25–138) 147.5 (48–201) 280 (96–450) 65.0 (1.0–135.0)

C‑reactive protein

 < 6 negative 4 (80.0%) 4 (50.0%) 0 (0.0%) 24 (100.0%) χ2 = 38.777* MCp < 0.001*

 ≥ 6 positive 1 (20.0%) 4 (50.0%) 11 (100.0%) 0 (0.0%)

 Mean ± SD 4.80 ± 4.49 7.88 ± 4.45 15.27 ± 3.77 2.67 ± 1.88 H = 29.718*  < 0.001*

 Median (min.–max.) 5.0 (1.0–12.0) 7.50 (2.0–16.0) 16.0 (7.0–19.0) 2.50 (0.0–5.0)
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level and sex had no statistically significant relationship 
(p = 0.312) while it had a highly statistically significant 
relationship with the size of SBI (p = 0.001) (Table  7). 
Severe OSA was found to be highly associated with a 
silent brain infarction more than the mild and moder-
ate OSA, odds ratio (OR): 24.75, [95% CI (2.17–350)] 
(Table 8).

Discussion
The association between OSA and SBI is not well under-
stood, and past research findings have been confounded 
by comorbidities.

The current study investigated sP-selectin level as a 
marker of platelet activation and CRP as inflammatory 
marker and the development of SBI in OSA patients 
not suffering from associated comorbid conditions. 
The rationale of this paper regarding exclusion of other 
comorbid confounding conditions is to assess the inde-
pendent effect of OSA as a risk factor for SBI which is 
potentially modifiable.

The study results showed that gender is equally distrib-
uted in study groups, also there no difference regarding 
the age and BMI in study groups to assess the independ-
ent effect of OSA.

In our study, the patients have a poor quality of sleep 
with shorter total sleep time and more arousals and noc-
turnal awakenings, lower minimal  SpO2 with excessive 
daytime sleepiness in comparison with the control group. 
This is significant because cerebral small vessel disease is 
now believed to be the underlying etiology of most SBIs. 
High AHI indicates that these individuals experienced 
frequent episodes of hypoxia. Thus, our findings support 
the idea that a sleep study could be useful for identifying 
OSA as a risk factor for SBI.

Table 5 Silent brain infarction among patients and controls

χ2: Chi‑square test; MC: Monte Carlo
* Statistically significant at p ≤ 0.05

Silent brain infarction Mild (n = 5) Moderate (n = 8) Severe (n = 11) Controls (n = 24) χ2 MCp

Type

 No infarction 5 (100%) 6 (75%) 2 (18.2%) 24 (100%) 32.650* < 0.001*

 Lacunar 0 (0.0%) 2 (25%) 7 (63.6%) 0 (0%)

 Territorial 0 (0.0%) 0 (0%) 2 (18.2%) 0 (0%)

Laterality

 Unilateral 0 (0.0%) 2 (25.0%) 8 (72.7%) 0 (0%) 32.528* < 0.001*

 Bilateral 0 (0.0%) 0 (0.0%) 1 (9.1%) 0 (0%)

Number

 1 0 (0.0%) 2 (25.0%) 6 (54.5%) 0 (0%) 33.637* < 0.001*

 2 0 (0.0%) 0 (0.0%) 2 (18.2%) 0 (0%)

 3 0 (0.0%) 0 (0.0%) 1 (9.1%) 0 (0%)

Size (mm)

 3–15 0 (0.0%) 2 (25%) 8 (72.7%) 0 (0%) 34.150* < 0.001*

 > 15 0 (0.0%) 0 (0%) 1 (9.1%) 0 (0%)

Site

 Cortical 0 (0.0%) 0 (0.0%) 1 (9.1%) 0 (0%) 37.242* < 0.001*

 Subcortical 0 (0.0%) 2 (25.0%) 5 (45.5%) 0 (0%)

 Basal ganglia 0 (0.0%) 0 (0.0%) 1 (9.1%) 0 (0%)

 Brainstem 0 (0.0%) 0 (0.0%) 1 (9.1%) 0 (0%)

 Cerebellum 0 (0.0%) 0 (0.0%) 1 (9.1%) 0 (0%)

Table 6 Correlation between sP‑selectin (ng/ml) serum level 
and different parameters in patients (n = 24)

rs: Spearman coefficient
* Statistically significant at p ≤ 0.05

sP-selectin (ng/ml)

rs p

Age (years) 0.380 0.067

Body mass index 0.147 0.494

Epworth Sleepiness Scale 0.662 < 0.001*

Total sleep time (min.) 0.554 0.005*

Apnea–hypopnea index 0.819 < 0.001*

Arousal index 0.641 0.001*

O2 desaturation Index 0.565 0.004*

Lowest  O2 saturation − 0.445 0.029*

C‑reactive protein 0.907 < 0.001*

Number of silent brain infarction 0.811 < 0.001*
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According to this study, moderate and severe OSA 
patients had higher levels of sP-selectin than mild OSA 
patients and healthy controls, and this level significantly 
correlates with OSA severity. In agreement with these 
results, Minoguchi and colleagues [20] stated that OSA 
patients had high levels of sP-selectin, with the highest 
levels in severe OSA, followed by moderate OSA, and 
then mild OSA. Chin and colleagues [21] stated that sP-
selectin was high in OSA patients, and CPAP treatment 
did play a role in lowering its level. Cofta and colleagues 
[22] reported that severe OSA had significantly higher 
levels of selectins than in moderate or mild OSA and 
plasma adhesion molecules levels predict severity of OSA 
and participate in occurrence of cardiovascular diseases. 
Patients with OSA had significantly higher levels of solu-
ble vascular cell adhesion molecules and sP-selectin than 
the controls, according to Pilkauskaite and colleagues 
[23]. Chen and colleagues [24] disagreed with the previ-
ous results as they dicovered no significant variations in 
serum adhesion molecules, selectin levels in severe OSA 
patients compared to controls.

In this study, about 45% of moderate/severe OSA who 
had no previous stroke had SBI, which was found to be 
significantly linked to the severity of OSA, and that the 
majority of these SBI were in the subcortical white mat-
ter. This result was higher than that observed in previous 
studies as Minoguchi and colleagues [20], who stated that 
25% moderate-to-severe OSA and 7.7% with mild OSA 
had SBI and 54% of SBI were in subcortical white matter 

followed by (43%) in basal ganglia and thalamus. Hulya 
and colleagues [25] said that severe OSA is a risk fac-
tor for SBI, and Cho and colleagues [26] discovered that 
7.64% of moderate–severe OSA patients had SBI.

According to this study SBI was found to have a higher 
risk of developing if a person had severe OSA [odds ratio 
(OR): 24.75, 95% CI 2.17–350.07], which was higher than 
the results of Cho and colleagues [26] who found a lower 
positive association between moderate–severe OSA and 
SBI [odds ratio (OR): 2.44, 95% CI 1.03–5.80], and they 
concluded that moderate-to-severe OSA was linked to 
SBI and lacunar infarction.

After controlling for possible confounders, this study 
discovered that severe OSA was linked with lacunar SBI 
independently. This is significant since small vessel dis-
ease is assumed to be the cause of the bulk of SBI. These 
patients exhibited many bouts of intermittent hypoxia 
because of their high AHI. Small vessels rely on their 
own processes to adjust to barotrauma in this situation, 
and microvascular damage (remodeling of hypertrophic 
vessel wall, lumen constriction, rarefaction) may ensue, 
leading to cerebral infarction. Also, when intermittent 
hypoxia happens, sympathetic tone may increase, wors-
ening vasoconstriction and leading to more ischemic 
lesions, particularly in the terminal arteries [27]. Other 
mechanisms that may all play a role in the link between 
OSA and SBI involve arterial stiffness [27], hypercoagu-
lability [28], and arrhythmia, especially atrial fibrillation 
[29].

Table 7 Relation between sP‑selectin (ng/ml) and different parameters in patients (n = 24)

H: H for Kruskal–Wallis test; U: Mann–Whitney test
* Statistically significant at p ≤ 0.05

No. sP-selectin (ng/ml) Test of sig p

Min.–max Mean ± SD Median

Sex

 Male 14 25.0–450.0 169.64 ± 130.27 147.50 U = 52.50 0.312

 Female 10 79.0–321.0 194.90 ± 84.19 191.50

Size of silent brain infarction

 Normal 13 25.0–165.0 96.92 ± 47.90 96.0 H = 16.269* < 0.001*

 3–15 mm 10 138.0–450.0 274.90 ± 99.21 284.0

 > 15 mm 1 321

Table 8 Association between OSA and silent brain infarctions

OR: odds ratio; CI: confidence interval; OSA: obstructive sleep apnea
* Statistically significant at p ≤ 0.05

Type Mild + moderate OSA (n = 13) Severe OSA (n = 11) p OR (95% C.I)

Normal 11 (84.6%) 2 (18.2%)

Silent brain infarction 2(15.4%) 9 (81.8%) 0.001* 24.75 (2.17–350.07)
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In the current study, serum CRP levels were found to 
be significantly correlated with sP-selectin levels and 
OSA severity in patients with OSA. Row and colleagues 
[30] reported that long-term persistent hypoxia in OSA 
resulted in activated inflammatory processes with higher 
levels of proinflammatory cytokines. Kanbay and col-
leagues [31], showed that OSA patients had significantly 
higher CRP levels than healthy controls. Furthermore, 
Kor Kmaz [32] discovered that AHI and CRP have posi-
tive associations. However, Guilleminault and colleagues 
[33] in less obese OSA patients, observed no link between 
OSA and serum CRP levels.

There are some limitations to this study that it should 
be repeated in long-term follow-up and independent 
prospective larger studies with ideal representation of 
all severity groups of OSA to evaluate if the therapeutic 
measures of OSA can prevent development of SBI. Also, 
the possibility of using sP-selectin level as a complemen-
tary diagnostic or therapeutic biomarker in OSA patients 
needs to be assessed.

Conclusion
Moderate and severe OSA were associated independently 
with elevated serum sP-selectin reflecting increased 
platelet function, elevated inflammatory marker CRP 
and an increased risk of silent brain infarctions, so it is 
essential to be meticulous for early diagnosis of OSA. It 
is mandatory to conduct randomized controlled stud-
ies determine if therapeutic measures are effective in 
preventing new vascular insults and the possibility of 
development of stroke and cognitive impairment in these 
high-risk patients.
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