
21

©Copyright 2022 by Turkish Sleep Medicine Society / Journal of Turkish Sleep Medicine published by Galenos Publishing House.

Erythrocyte Distribution Width and Central Corneal 
Thickness in Patients with Obstructive Sleep Apnea 
Syndrome

Obstrüktif Uyku Apne Sendromlu Hastalarda Eritrosit Dağılım Genişliği ve Santral 
Kornea Kalınlığının Değerlendirilmesi

 Figen Yavlal,  Rahşan İnan*,  Gülay Kenangil**

Original Article / Özgün Makale

Medicana International İstanbul Hospital, Clinic of Neurology, İstanbul, Turkey
*University of Health Sciences Turkey, Kartal Dr. Lütfi Kırdar City Hospital, Clinic of Neurology, İstanbul, Turkey
**Bahçeşehir University Faculty of Medicine, Department of Neurology, İstanbul, Turkey

Yavlal et al. 
Assessment of EDW and CCT in OSAS

DO I: 10.4274/jtsm.galenos.2021.79663

Journal of Turkish Sleep Medicine 2022;9:21-26

Abstract

Objective: Tissue hypoxia results in an increased erythrocyte distribution 
width (EDW) and secondary ocular complications in obstructive 
sleep apnea syndrome (OSAS). Thus, this study aimed to investigate 
the correlation between EDW and central corneal thickness (CCT) in 
patients with varying OSAS severities.
Materials and Methods: This study included 70 patients with OSAS (23 
mild, 22 moderate, and 25 severe cases) and 30 healthy participants. 
EDW was measured using an automated blood cell counter. CCTs were 
measured by spectral-domain optic coherence tomography.
Results: The EDW values were significantly higher in patients with 
severe OSAS than with moderate (p=0.042) and mild (p=0.015) OSAS. 
Additionally, EDW values were significantly higher in the control group 
than in patients with mild (p=0.011) and moderate OSAS (p=0.038). The 
control group and the patient group did not significantly differ in the 
mean CCT values (p=0.45/p=0.14). No statistically significant correlation 
was found between EDW and CCT values in the control group (r=-0.22, 
p=0.25) or patient group (r=-0.1, p=0.63). The correlations between 
RDW and apnea-hypopnea index (r=0.334, p=0.001) and minimal 
oxygen saturation (r=-0.29, p=0.004) were statistically significant.
Conclusion: Our study revealed that EDW was higher in patients with 
OSAS than control group. Therefore, EDW can be used as an important 
diagnostic tool for the early diagnosis of atherosclerosis risk in patients 
with OSAS. The required metabolic activity for the sustainability of 
corneal transparency is thought to be affected by hypoxia in OSAS.
Keywords: Obstructive sleep apnea syndrome, erythrocyte distribution 
width, central corneal thickness

Öz

Amaç: Obstrüktif uyku apne sendromunda (OUAS) doku hipoksisi eritrosit 
dağılım genişliğinde (EDG) ve sekonder oküler komplikasyonlarda artışa 
neden olur. Bu çalışmada, değişik şiddetlerdeki OUAS hastalarında doku 
hipoksisine bağlı santral kornea kalınlıkları (SKK) ile EDG arasındaki 
ilişkinin değerlendirilmesi amaçlanmıştır.
Gereç ve Yöntem: Çalışmaya yaş ve cinsiyet yönünden benzer 23 
hafif, 22 orta ve 25 ağır dereceli toplam 70 OUAS hastası ile eşlik eden 
komorbiditesi bulunmayan 30 sağlıklı birey alındı. EDG otomatik kan 
sayım cihazı kullanılarak, SKK ise spektral optik koherans tomografi 
yöntemi ile ölçüldü.
Bulgular: Ağır OUAS hastalarında EDG değerleri, orta (p=0,042) ve hafif 
(p=0,015) hastalara oranla daha yüksekti. Kontrol grubunda EDG, hafif 
OUAS (p=0,011) ve orta OUAS (p=0,038) gruplarına kıyasla istatistiksel 
olarak anlamlı daha yüksekken, ortalama SKK değerleri arasında anlamlı 
fark yoktu (p=0,45/p=0,14). Kontrol grubu (r=-0,22 p=0,25) ile 
hasta grubu (r=-0,1 p=0,63) arasında EDG ve SKK değerleri arasında 
istatistiksel olarak anlamlı bir korelasyon yoktu. EDG’nin, apne-hipopne 
indeksi (r=0,334, p=0,001) ve minimum oksijen satürasyonu (r=-0,29, 
p=0,004) ile korelasyonu istatistiksel olarak anlamlıydı.
Sonuç: Çalışmamızda OUAS hastalarında EDG’nin kontrol grubuna göre 
daha yüksek olduğunu bulduk. Bu nedenle EDG, OUAS’li hastalarda 
ateroskleroz riskinin erken teşhisi için önemli bir tanı aracı olarak 
kullanılabilir ve OUAS’de hipoksi korneal saydamlık için gerekli olan 
metabolik aktiviteyi etkilemektedir. 
Anahtar Kelimeler: Obstrüktif uyku apne sendromu, eritrosit dağılım 
genişliği, santral korneal kalınlık
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Introduction

Obstructive sleep apnea syndrome (OSAS) is a disease 
characterised by full (apnea) or partial (hypopnea) upper 
respiratory tract obstruction episodes repeating during sleep, 
and frequently a decrease in blood oxygen saturation (1). 
It is considered that OSAS is not only a respiratory disorder 
that involves apnea and hypopnea, but should also be taken 
as a disease accompanied by systemic inflammation. The 
desaturation and reoxygenation cycles occurring during sleep 
cause a reperfusion damage, giving rise to the release of pro-
inflammatory cytokines (2). As the severity of the OSAS and the 
duration of hypoxia increase, so do the emerging inflammatory 
cytokines (3).
Episodic hypoxia episodes form the basis of the pathogenesis 
of ocular complications in OSAS. Ischemia-reperfusion damage, 
hypercoagulability, the production of free radicals, endothelial 
dysfunction, direct anoxic damage to the optic nerve, 
changes in blood pressure, and excessive sympathetic activity 
cause indirect optic nerve damage (4,5). An interrelation 
between OSAS and ophthalmic pathologies such as glaucoma, 
keratoconus, papilledema, optic neuropathy and non-arteritic 
ischemic optic neuropathy has been reported in the literature 
(6,7).
The reflection of the systemic inflammation caused by acute 
hypoxia to the bone marrow affects erythropoiesis, and induces 
an increase in serum erythropoietin (EPO), and the formation of 
red blood cells (RBCs). The presence of large RBCs disrupts the 
erythrocyte distribution width (EDW), resulting in an increase 
in the EDW (8). 
Since EDW is sensitive to even a small amount of large RBCs, it 
can be used to study its relation with diseases caused not only by 
acute hypoxia, but also episodic or chronic hypoxia. It is known 
that an increase in EDW together with other inflammatory 
cytokines represents an increased risk factor for cardiovascular 
diseases (9,10). EDW is considered to be the memory of 
chronic and serious diseases through hypoxia (11). Therefore, 
EDW can be used as an important diagnostic tool for the early 
detection of ocular complications caused by atherosclerosis 
and hypoxia in patients with OSAS. It has been postulated 
that during respiratory events in the sleep, recurrent episodes 
of hypoxemia and hypercapnia may increase the intracranial 
pressure and sympathetic activation which contribute to the 
development of ocular pathology (7). Knowledge of these 
corneal abnormalities due to sleep disturbances and hypoxemia 
may assist in communication between ophthalmologists and 
sleep specialists, thereby preventing ocular complications in 
patients with OSAS. This study aims at evaluating the correlation 
between EDW and corneal thickness caused by tissue hypoxia 
in patents with OSAS.

Materials and Methods

Participants and study design 

One hundred patients subjected to all-night polysomnography 
(PSG) between January 2018-February 2019 at the Bahçeşehir 
University Faculty of Medicine Hospital Sleep Laboratory due to 

an OSAS diagnosis participated in this study after their informed 
consents were obtained. 
One hundred subjects similar in terms of age and gender were 
divided into four groups according to their apnea-hypopnea 
index (AHI) results. Based on their AHI scores, patients were 
categorized in control group (AHI <5), mild (AHI=5-15), 
moderate (AHI=15-30), and severe OSAS (AHI>30) groups 
according to American Academy of Sleep Medicine (AASM) task 
force criteria (12).
• Thirty cases under 5: Control group, 
• Twenty-three cases between 5-15: Mild OSAS group,
• Twenty-two cases between 15-30: Medium OSAS group
• Twenty-five cases above 30: Severe OSAS group.
As a control group, 30 asymptomatic healthy individuals 
without cardiovascular diseases who visited department of 
neurology outpatient clinic for check-up were enrolled in to 
the study. 
Exclusion criteria were as follows: Impaired cardiopulmonary 
function, defined as the occurrence of respiratory failure, 
pulmonary infection or congestive heart failure; hypertension, 
diabetes mellitus, using antihypertensives, antidiabetics and 
lipid-lowering treatment; chronic alcoholism and smoking; 
malignancy, hyperthyroidism and hypothyroidism; history of 
prolonged use of non-steroid anti-inflammatory drugs or 
anticoagulants; renal and liver insufficiency; known hematologic 
disease such as leukemia or myelodysplastic syndrome; a history 
of recent blood transfusion; active infections, psychiatric sleep 
disorders, sleep respiratory dysfunctions other than OSAS 
(central sleep apnea or Cheyne Stokes respiratory and upper 
airway resistance syndrome); those having a history of eye 
operation, refractive laser surgery, contact lens implantation, 
corneal disease, ocular trauma, vasculitis, dry eye syndrome, 
keratoconus; use of anti-glaucoma medication, and ocular 
hypertension; those under 18 years of age.

Polysomnographic evaluation

The gold standard for diagnosing OSAS is PSG performed at 
sleep laboratories (13). An AHI of over 5 found by PSG performed 
on a patient with symptoms such as snoring, witnessed apnea, 
and excessive daytime sleepiness is considered diagnostic. 
Subjects complaining of snoring and excessive daytime sleepiness 
were subjected to all-night PSG at our sleep laboratory, using our 
48-channel device (MiniScreen, Löwenstein Medical, Germany). 
Electrooculogram (dual-channel), electroencephalography (6 
channels, C4-M1, F4-M1, O2-M1, C3-M2, F3-M2, O1-M2), 
electromyogram from the submental muscle (1 channel), 
leg movements from the bilateral anterior tibial muscle (2 
channels), electrocardiogram, airflow (oronasal thermistor and 
nasal cannula), body position sensor and snoring sensor 
records, and video monitorisation were obtained from all 
subjects. Arterial oxygen saturation recordings were made 
at chest and abdominal muscles by means of respiratory 
effort (2 channel) straps and pulse oximetry. All PSG records 
were manually scored according to the AASM criteria (14) at 
30-second epochs. Apnea was scored as a minimum 10-second 
drop in ≥90% airway amplitude, and hypopnea as a 10-second 
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drop in ≥30% airway amplitude and ≥3% oxygen desaturation. 
AHI represents the number of apnea and hypopnea in 1 hour 
of sleep, and subjects with AHI >5 were identified as the OSAS 
group, and those with AHI<5 as the control group.

Ophthalmic measurement

After the subjects’ pupils were dilated using topical procaine 
hydrochloride 0.5% (Alcon-Couvreur; Puurs, Belgium), their 
central corneal measurements were taken three times using 
ultrasonographic pachymeter (Opticon 2000 SPA; Pacline, 
Rome, Italy). In the recent years, optical coherence tomography 
(OCT) has stood out as an important diagnostic imaging 
technology especially for retinal diseases and glaucoma. This 
technology is capable of displaying pathologies on the retina 
that are hardly noticeable through fundoscopy, in high-
resolution images (15). In ophthalmology, OCT is used also in 
examining other tissues as well as for viewing the retina. It is 
possible to evaluate central corneal thickness (CCT) and the 
thickness of the cornea epithelium using anterior segment OCT 
(16).

EDW

After the PSG records of all subjects were taken, their EDWs 
were measured using an automatic blood cell count device on 
their blood taken in the morning. Their EDW measurements 
were performed using a Beckman Coulter LH-750 Hematology 
Analyzer (Beckman Coulter, Inc., Fullerton, CA, USA) device. 
The normal reference values for EDW in our laboratory are in 
the range of 11.6 and 16.5%.
This research was approved by the Ethics Committee of the 
Faculty of Medicine, Bahçeşehir University (date: 03.04.2019, 
number: 2019-07/01) and was conducted according to 
principles of the Declaration of Helsinki.

Statistical Analysis

The data were analysed using the SPSS packaged software. 
The continuous variables were given as ± standard deviation. 
The One-Way Analysis of Variance (ANOVA, post hoc: Tukey 
HSD for multiple comparisons) was performed for comparing 

independent group variances. The Spearman correlation analysis 
was employed for examining the correlation between variables.

Results

The demographic and clinical profile and polysomnographic 
parameters of the subjects are shown in Table 1. 
The mean age of patients with moderate and severe OSAS was 
higher than that of mild OSAS and controls (p=0.002). Patients 
with moderate and severe OSAS had higher arousal index and 
Epworth score (p=<0.0001, p=0.046), mean oxygen saturation 
was found to be lower, although not statistically significant. 
Body mass index (BMI) increased with disease severity and it 
was found to be higher than the control group (p<0.0001) 
(Table 1). 
The EDW values were 12.6±0.74 in mild OSAS group, 
12.75±0.77 in moderate OSAS group and 13.5±1.67 in severe 
OSAS group. The difference was significant when mild and 
severe OSAS groups were compared (p=0.015), the moderate 
and severe OSAS groups’ EDW results were also significantly 
different (p=0.042) (Table 1). 
The EDW values of mild OSAS and control groups were 
significantly different (p=0.011). P-value was also significant 
between moderate OSAS and control groups (p=0.038). 
Mean corneal thickness was measured as 540.92±33.7/543.68±29.1 
µm for the OSAS group, and as 533.83±34.43/529.4±43.15 µm for 
the control group (p=0.45/p=0.14), the difference between the 
two groups not having been considered statistically significant as 
shown in Table 2. 
In the patient group, the correlation between the EDW values 
and the AHI (r=0.334, p=0.001), the lowest oxygen saturation 
(r=-0.29, p=0.004) and BMI (r=0.338, p=0.004) was found 
statistically significant (Table 3) (Figure 1, 2). 

Discussion

In this study, we evaluated the EDW values and corneal 
thickness, and the relation between them, in control group and 
mild, medium and severe OSAS patients. In our study we found 

Table 1. Demographic and polysomnographic data

Control
(n=30)

Mild
(n=22)

Medium
(n=23)

Severe
(n=25) p*

Age (years) 42.1±2.4 46.7±13.41 55.5±13.1 52.16±11.5 0.002

Gender
Female
Male 

18
9

4
18

6
16

9
17

0.004

Aurosal index (RERA) 5.7±11.6 15.9±9.9 26.2±12.6 30.9±9.9 <0.0001

AHI 1.6±1.2 8.8±3 21.5±4.2 66.8±30.5 <0.0001

Min. SpO2 (%) 85.14±17.5 83.74±6.3 81.05±6.9 66.04±13.3 <0.0001

Mean SpO2 (%) 96.10±17.8 94.13±2.3 93.68±1.8 90.24±4.7 0.531

Epworth scale 6 (1-22) 8 (1-19) 6 (2-15) 9.5 (1-21) 0.046

BMI (kg/m2) 26.46±5.71 28.87±3.05 28.36±3.86 33.36±6.86 <0.0001

EDW (%) 13.05±0.8 12.61±0.7 12.75±0.8 13.57±1.7 0.014

Hgb (g/L) 12.97±1.7 14.33±1.4 13.79±1.5 13.70±1.8 0.026

AHI: Apnea-hypopnea index, BMI: Body mass index, EDW: Erythrocyte distribution width, Min. SpO2: Lowest oxygen saturation
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that the EDW was greater in OSAS patients compared to the 
control group. Also, the EDW values of severe OSAS patients 
were statistically higher compared to those of mild and medium 
OSAS patient groups. However, patient and control groups 
did not show a significant difference with regard to corneal 
thickness.
The fact that the mean age of patients with moderate and 
severe OSAS was higher than that of mild OSAS and controls 
is due to the increase in disease severity with age. Increase 
in aurosal index, decrease in mean oxygen saturation and 
increase in Epworth score also resulted as expected in severe 
and moderate OSAS patients. Since BMI increases with 
disease severity, it was found to be higher in OSAS group 
than the control group which was in line with previous 
studies (17,18).
The desaturation and reoxygenation cycles emerging during 
sleep causes reperfusion damage. Pro-inflammatory cytokines 
are released as a result of developing hypoxia and sympathetic 
discharge (2,3). The reflection of systemic inflammation to the 
bone marrow causes EPO activation, giving rise to erythrocyte 
heterogeneity, which, in turn, results in an increase in EDW (3). 
In our study, while an increase was found also in the EDW’s 
values of medium and severe OSAS patients with a high AHI, an 
inverse proportion was found with minimum oxygen saturation. 
Similar studies carried out in the past also support our findings. 
EDW may not be an ideal indicator for hypoxia. EDW’s 
potential of being sensitive to hypoxic events does denote 
high specificity. EDW increase is also present in acute bowel 
diseases, anaemia and goitre. EDW is also expected to increase 
in methotrexate, the use of nucleoside transcriptase inhibitors, 
and alcohol poisoning.
The onset of a hypoxic disease contributes to the patient’s 
pre-existing hypoxic load. Therefore, a patient with cardiac 
insufficiency and chronic obstructive pulmonary disease will 
be less defensive against hypoxemia secondary to pneumonia. 
Since EDW is a sensitive indicator of hypoxic load, it may 
provide information on morbidity and mortality (19-22).

In ophthalmology, the measurement of CCT is clinically very 
important for the preoperative evaluation of patients prior 
to refractive surgery (23,24). Ophthalmologists currently use 
ultrasound pachymetry (UP) to measure corneal thickness. The 
advantages of UP are its accessibility and portability, and it may 
also be used for evaluating normal corneas (25). 
Being a transparent tissue, the cornea is one of the most 
important steps of the optic function. Oxygen is an important 
parameter for the metabolic activity ensuring the continuation 
of cornea transparency. Anaerobic glycosis increasing due to 
hypoxia causes stromal oedema in the cornea. Long-lasting 
stromal oedema causes changes in keratocyte morphology and 
functions. Studies have demonstrated that an approximately 
2% thinning occurs in the cornea even after the disappearance 

Table 2. Corneal thickness in the participants

Corneal thickness Control OSAS p

Right 533.83±34.43 540.92±33.7 0.45

Left 529.4±43.15 543.68±29.1 0.14

OSAS: Obstructive sleep apnea syndrome

Table 3. Correlation of the EDW values and the polysomnographic 
and clinical parameters

EDW values

r* p

AHI 0.334 <0.0001

Min. SpO2 (%) -0.29 0.004

BMI 0.338 <0.0001

RERA -0.13 0.11

*Pearson correlation constant, AHI: Apnea-hypopnea index, BMI: Body mass 
index, EDW: Erythrocyte distribution width, Min. SpO2: Lowest oxygen 
saturation

Figure 1. Correlation between the EDW values and the lowest 
oxygen saturation

EDW: Erythrocyte distribution width

Figure 2. Correlation between the EDW values and apnea-
hypopnea index

EDW: Erythrocyte distribution width
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of the corneal oedema (26,27). Akbulut et al. (28), in a study in 
which they researched OSAS patients’ proclivity to glaucoma, 
found no distinct thinning in the measured corneal thicknesses 
of OSAS patients. Koseoglu et al. (29) reported that corneal 
thicknesses decreased in the OSAS group compared to the 
control group. It was found that CCT decreases as OSAS severity 
increases. Our study, however, found no significant difference 
between the OSAS groups and the control group in terms 
of corneal thickness. The reason for this may be the smaller 
number of the patients participating in our study. Therefore, 
studies with greater numbers of patients in which the systemic 
effects in OSAS and the impact of tissue hypoxia on the cornea 
are evaluated would be useful.
In several studies, optic nerve damage caused by hypoxia 
has also been demonstrated in OSAS in addition to corneal 
thinning (30). Purvin et al. (31) suggested that OSAS may 
cause papilledema and visual impairment due to an increase in 
intracranial pressure caused by episodic nocturnal hypoxemia. 
Karakucuk et al. (32) demonstrated field of vision defects 
secondary to optic nerve damage caused by cerebral ischemia in 
OSAS patients in spite of normal ophthalmological examination.
Acute bleeding provoking EPO-guided erythropoiesis is followed 
by increases in RDW, but not mean cell volume. Similar increases 
in RDW are followed by many acute diseases with a risk of 
hypoxia, including cardiac insufficiency, pneumonia, atelectasis, 
pulmonary embolism, pneumothorax, and sepsis. The peaks 
reach maximum within 1 month following onset, and drop 
to pre-disease levels approximately 6 months later. In contrast 
to iron deficiency anaemia (IDA), no noticeable change in the 
average RBC dimension accompanies RDW increases following 
diseases related to hypoxia.
While statistically insignificant, it is believed that the metabolic 
activity required for maintaining corneal transparency is affected 
by the hypoxia caused by OSAS. In OSAS, the pathogenesis of 
ocular complications has a multifactor origin with ischemia-
reperfusion damage, hypercoagulability, the production of free 
radicals, and increased oxidation. Indirect optic nerve damage 
emerges secondary to stress, endothelium dysfunction, direct 
anoxic damage to the optic nerve, changes in blood pressure, 
and sympathetic excess activity. 

Study Limitations

The limitations of our study were the lack of knowledge on the 
time of the onset of OSAS symptoms and systemic effect, the 
small number of participants, and the BMI difference between 
the groups. Excluding individuals with known diseases other 
than OSAS suggests that the obtained results developed in 
connection with OSAS’ systemic effects. 

Conclusion

The results of this study revealed that patients with OSAS have 
higher EDW values. EDW showed a positive correlation with AHI 
but an inverse correlation with the lowest oxygen saturation. 
Therefore, EDW might be used as a severity marker of OSAS 
and it could provide an inexpensive and easy tool for evaluating 
OSAS patients in terms of potential tissue hypoxia- associated 

diseases. Prospective studies with larger populations are needed 
to confirm EDW and CCT as a useful severity assessment tool 
in OSAS.
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