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    Abstract
OBJECTIVE: Obstructive sleep apnea syndrome (OSAS) is an episodic disease that is characterized by intermittent partial interruption of breathing during sleep, which results in low oxygen levels in organs and tissues. The characteristic symptoms of OSAS include snoring, apnea or hypopnea, and excessive daytime sleepiness. Our aim is to determine the early diagnosis of diabetes and to initiate treatments for OSAS patients according to the results of polysomnography (PSG) in the sleep polyclinic based on fasting blood glucose and HbA1c levels in patients with known OSAS without diabetes. MATERIALS AND METHODS: Patients who applied to the sleep polyclinic of the Pamukkale University and were diagnosed with OSAS using PSG were included in the study. RESULTS: A total of 44 patients with OSAS and a control group consisting of 47 people meeting these criteria were included. Compared with the control group, the patient groups showed significantly higher Hb values (P < 0.05) and lower mean corpuscular volume (P < 0.05). Significant negative correlations were found between glucose levels and mean O2saturation values in patients with severe OSAS (apnea–hypopnea index > 30) (r = −0.583, P = 0.02). CONCLUSION: In conclusion, even though significant differences were not found in the glucose and HbA1c levels of patients with OSAS, glucose metabolism was deteriorated when saturation was decreased in severe OSAS. Therefore, glucose levels should be observed frequently, particularly in severe cases of OSAS or in patients with hypoxia, regardless of the stage. More attention should also be paid to the development of diabetes.
  


  
    Keywords: Diabetes mellitus, glucose, hypoxia, obstructive sleep apnea syndrome
  


  
    Introduction


    Obstructive sleep apnea syndrome (OSAS) is an episodic disease that is characterized by intermittent partial interruption of breathing during sleep, which results in low oxygen levels in organs and tissues.[bookmark: ft1][1] The characteristic symptoms of OSAS include snoring, apnea or hypopnea, and excessive daytime sleepiness.[bookmark: ft2][2] OSAS occurs in approximately 3%–7% of males and 2%–5% of females in the general population and is a significant cause of mortality and morbidity.[bookmark: ft3][3] OSAS is diagnosed and classified according to the apnea–hypopnea index (AHI) in polysomnography (PSG). AHI> 5 indicates OSAS, with AHI of 5–15 indicating mild, 15–30 indicating moderate, and over 30 indicating severe OSAS.[bookmark: ft4][4]


    Changes in oxygen saturation and frequent awakening episodes in OSAS can also damage respiratory, cardiac, metabolic, and cognitive functions.[bookmark: ft5][5] High hypoxemia and elevated AHI cause dysfunction of the pancreatic beta cells.[bookmark: ft6][6] In previous studies, fasting blood sugar and HbA1c elevation were detected in patients with OSAS. However, the number of studies comparing the hematological parameters and glucose, HbA1c values with OSAS stages is limited. Fasting blood sugar and HbA1c elevation cause atherosclerosis and can lead to cardiovascular diseases.[bookmark: ft7][7]


    Our aim is to determine the early diagnosis of diabetes and to initiate treatments for OSAS patients according to the results of PSG in the sleep polyclinic based on fasting blood sugar and HbA1c levels in patients with known OSAS without diabetes. We also compare fasting blood sugar and HbA1c levels according to the OSAS stages and to detect whether the stages are linked with diabetes mellitus. We also aimed to study whether there is a relationship between OSAS disease and other blood parameters.


    Materials and Methods


    Study population


    Ethical approval was obtained from the University Ethical Board on Human Experiments (approval number 60116787-020/54962). All participants gave their written informed consent to the study. The patients, who had been diagnosed with OSAS by PSG after referring to the sleep clinic of the university with one or more complaints such as snoring, witnessed apnea, and excessive daytime sleepiness were taken to the study. Patients were not included in the study if they had a history of smoking, a previous diagnosis of diabetes, serious heart disease (congestive heart failure, valvular heart disease, etc.), other known lung disease (chronic obstructive pulmonary disease, asthma, interstitial lung disease, lung cancer, etc.), or other chronic diseases (hematological diseases, kidney, and liver diseases). These OSAS patients were divided into mild, moderate, and severe groups according to AHI. Healthy control group was composed of nonsmoker healthy persons who had no illnesses or no sleeping problems (apnea, snoring, excessive daytime sleepiness, insomnia, etc.), that came only for control purposes to the internal medicine clinic. Hemograms, fasting blood sugar, and HbA1c levels were evaluated in both groups.


    Polysomnography


    The examination was made in a single, quiet, dark, heat-controlled room with Philips Respironics alice 6 LDxS sleeping devices. Electroencephalography, electro-oculography, chin electromyography, oral and nasal airflow measurements (nasal-oral “thermistor” and nasal cannulae) were performed. Thorax and abdominal movements were evaluated. Arterial oxygen saturation (with pulse oximeter) and ECG recordings were taken. All records were evaluated by a chest physician specializing in sleep. A hypopnea was defined as a 3% fall or wake in oxygen saturation with at least a 50% reduction in oral and nasal airflow for 10 s or more, while airflow stop for at least 10 s is defined as apnea. The rate obtained by dividing the sum of apnea and hypopnea counts seen in sleep by the hourly sleeping period is called the AHI.


    Statistical analysis


    Statistical analysis of the data was performed using SPSS 17.0 software (SPSS Inc., Chicago, IL, USA). P < 0.05 was considered to be statistically significant. All data are expressed as the mean ± standard deviation (SD). An independent-sample t-test was used to compare the parameters. Spearman's correlation coefficient was used to examine the correlation between continuous variables.


    Before the study, assuming that the difference between the two groups will have a medium effect size (Effect size Cohen d = 0,5), it is calculated that when 100 participants (50 patients and 50 healthy control) were taken for the study 80% power can be obtained with 95% confidence.


    When calculating for correlations, it is assumed that a moderate correlation would be obtained (Effect size |ρ| = 0,4), It was calculated that for the study group, 44 participants would be able to obtain 80% power with 95% confidence.


    In our study, 44 patients and 47 healthy controls were taken. As a result of the power analysis performed by our own results, it is estimated that the power we have obtained is 99% with 95% confidence.


    Results


    A total of 44 patients with OSAS and a control group consisting of 47 people meeting these criteria were included. [Table - 1] shows the demographic characteristics and laboratory findings of the patients and control group. Compared with the control group, the patient groups showed significantly higher Hb values (P < 0.05) and lower mean corpuscular volume (MCV) (P < 0.05). Significant negative correlations were found between glucose levels and mean O2 saturation values in patients with severe OSAS (AHI> 30) (r = −0.583, P = 0.02) [Figure - 1].
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        	Table 1: Demographic characteristics and laboratory findings of obstructive sleep apnea syndrome and control group
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        	Figure 1: Negative correlations between glucose levels and mean O2 saturation
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    Discussion


    The hemoglobin levels in patients with OSAS were 14.76 ± 1.72, which was significantly higher than in the control group. Feliciano et al. found that hemoglobin levels were 15.3 ± 1.1 before treatment and 14.9 ± 1 (P < 0.0001) after treatment in a hematological parameter study on OSAS patients.[bookmark: ft8][8] Hemoglobin levels were elevated in OSAS and significantly decreased with treatment.[bookmark: ft8][8] Erythropoietin levels increase in hypoxic conditions, and there is a tendency for polycythemia to occur.[bookmark: ft9][9],[bookmark: ft10][10]


    The red cell distribution width (RDW) is a part of the hemogram that provides information about the size of circulating erythrocytes and is routinely observed.[bookmark: ft11][11],[bookmark: ft12][12] This parameter is calculated by dividing the SD of the erythrocyte volume by the MCV.[bookmark: ft13][13] In recent studies, RDW has provided essential information for determining the prognosis in acute myocardial infarction, cardiac diseases such as stable coronary artery disease and heart failure,[bookmark: ft14][14],[bookmark: ft15][15],[bookmark: ft16][16] and noncardiac conditions such as stroke, pulmonary hypertension, and intensive care patients.[bookmark: ft17][17],[bookmark: ft18][18],[bookmark: ft19][19] The increase in RDW is attributed to inflammation in these diseases.[bookmark: ft17][17],[bookmark: ft18][18],[bookmark: ft19][19]


    OSAS is also associated with hypoxia, increased oxidative stress, and consequently increased inflammation.[bookmark: ft20][20] For this reason, an increase in RDW is expected in OSAS. However, studies on OSAS suggest that RDW increases [bookmark: ft11][11],[bookmark: ft12][12] or similar.[bookmark: ft21][21] RDW increased in our study, although not significantly. RDW negatively correlates with MCV,[bookmark: ft11][11] which can explain the decrease in MCV. In addition, four of the patients in our study had severe anemia. Accordingly, MCV may be low.


    There was no significant difference between glucose levels and HbA1c levels between the OSAS group and control group. However, there was a negative correlation between mean O2 saturation values and glucose levels in severe OSAS. OSAS and type 2 diabetes mellitus are common comorbidities.[bookmark: ft22][22] There is evidence supporting an independent association between OSAS and impaired glucose metabolism.[bookmark: ft23][23] In a study with 1599 patients by Priou et al., the proportion of patients with AHI <5 and HbA1c >6% was 10.8%, while the proportion of patients with AHI ≥50 and HbA1c >6% was 34.2%.[bookmark: ft24][24] Similarly, in our study, there was a significant, independent association between decreases in saturation levels and HbA1c >6%.[bookmark: ft24][24] This disorder in OSAS and glucose metabolism is linked to intermittent hypoxia.[bookmark: ft25][25]


    The greatest limitation of our study is the limited number of cases. OSAS is associated with comorbid diseases such as heart failure, cardiovascular diseases, stroke, diabetes mellitus, hypertension, chronic obstructive pulmonary disease, and arrhythmia. Thus, the number of cases was reduced considerably since participants with any of these diseases and smokers were excluded from the study.


    Conclusion


    Even though significant differences were not found in the glucose and HbA1c levels of patients with OSAS, glucose metabolism was deteriorated when saturation was decreased in severe OSAS. Therefore, glucose levels should be observed frequently, particularly in severe cases of OSAS or in patients with hypoxia, regardless of the stage. More attention should also be paid to the development of diabetes.


    Financial support and sponsorship


    Nil.


    Conflicts of interest


    There are no conflicts of interest.

  


  
    References


    
      
        	[bookmark: ref1]1.

        	
          
            Banerjee D, Leong WB, Arora T, Nolen M, Punamiya V, Grunstein R, et al. The potential association between obstructive sleep apnea and diabetic retinopathy in severe obesity-the role of hypoxemia. PLoS One 2013;8:e79521.Back to cited text no. 1[PUBMED]
          

        
      


      
        	[bookmark: ref2]2.

        	
          
            Kiciński P, Przybylska-Kuć SM, Tatara K, Dybała A, Zakrzewski M, Mysliński W, et al. Reliability of the Epworth Sleepiness Scale and the Berlin Questionnaire for screening obstructive sleep apnea syndrome in the context of the examination of candidates for drivers. Med Pr 2016;67:721-8.Back to cited text no. 2
          

        
      


      
        	[bookmark: ref3]3.

        	
          
            Papanas N, Steiropoulos P, Nena E, Tzouvelekis A, Maltezos E, Trakada G, et al. HbA1c is associated with severity of obstructive sleep apnea hypopnea syndrome in nondiabetic men. Vasc Health Risk Manag 2009;5:751-6.Back to cited text no. 3[PUBMED]
          

        
      


      
        	[bookmark: ref4]4.

        	
          
            Kosacka M, Korzeniewska A, Jankowska R. The evaluation of body composition, adiponectin, C-reactive protein and cholesterol levels in patients with obstructive sleep apnea syndrome. Adv Clin Exp Med 2013;22:817-24.Back to cited text no. 4[PUBMED]
          

        
      


      
        	[bookmark: ref5]5.

        	
          
            Pujante P, Abreu C, Moreno J, Barrero EA, Azcarate P, Campo A, et al. Obstructive sleep apnea severity is associated with left ventricular mass independent of other cardiovascular risk factors in morbid obesity. J Clin Sleep Med 2013;9:1165-71.Back to cited text no. 5[PUBMED]
          

        
      


      
        	[bookmark: ref6]6.

        	
          
            Tahrani AA, Ali A, Stevens MJ. Obstructive sleep apnoea and diabetes: An update. Curr Opin Pulm Med 2013;19:631-8.Back to cited text no. 6[PUBMED]
          

        
      


      
        	[bookmark: ref7]7.

        	
          
            Kent BD, Grote L, Bonsignore MR, Saaresranta T, Verbraecken J, Lévy P, et al. Sleep apnoea severity independently predicts glycaemic health in nondiabetic subjects: The ESADA study. Eur Respir J 2014;44:130-9.Back to cited text no. 7
          

        
      


      
        	[bookmark: ref8]8.

        	
          
            Feliciano A, Linhas R, Marçôa R, Cysneiros A, Martinho C, Reis RP, et al. Hematological evaluation in males with obstructive sleep apnea before and after positive airway pressure. Rev Port Pneumol (2006) 2017;23:71-8.Back to cited text no. 8
          

        
      


      
        	[bookmark: ref9]9.

        	
          
            Schofield CJ, Ratcliffe PJ. Oxygen sensing by HIF hydroxylases. Nat Rev Mol Cell Biol 2004;5:343-54.Back to cited text no. 9[PUBMED]
          

        
      


      
        	[bookmark: ref10]10.

        	
          
            Locatelli F, Fishbane S, Block GA, Macdougall IC. Targeting hypoxia-inducible factors for the treatment of anemia in chronic kidney disease patients. Am J Nephrol 2017;45:187-99.Back to cited text no. 10[PUBMED]
          

        
      


      
        	[bookmark: ref11]11.

        	
          
            Sökücü SN, Karasulu L, Dalar L, Seyhan EC, Altın S. Can red blood cell distribution width predict severity of obstructive sleep apnea syndrome? J Clin Sleep Med 2012;8:521-5.Back to cited text no. 11
          

        
      


      
        	[bookmark: ref12]12.

        	
          
            Ozsu S, Abul Y, Gulsoy A, Bulbul Y, Yaman S, Ozlu T, et al. Red cell distribution width in patients with obstructive sleep apnea syndrome. Lung 2012;190:319-26.Back to cited text no. 12
          

        
      


      
        	[bookmark: ref13]13.

        	
          
            Evans TC, Jehle D. The red blood cell distribution width. J Emerg Med 1991;9 Suppl 1:71-4.Back to cited text no. 13[PUBMED]
          

        
      


      
        	[bookmark: ref14]14.

        	
          
            Felker GM, Allen LA, Pocock SJ, Shaw LK, McMurray JJ, Pfeffer MA, et al. Red cell distribution width as a novel prognostic marker in heart failure: Data from the CHARM program and the Duke Databank. J Am Coll Cardiol 2007;50:40-7.Back to cited text no. 14[PUBMED]
          

        
      


      
        	[bookmark: ref15]15.

        	
          
            Förhécz Z, Gombos T, Borgulya G, Pozsonyi Z, Prohászka Z, Jánoskuti L, et al. Red cell distribution width in heart failure: Prediction of clinical events and relationship with markers of ineffective erythropoiesis, inflammation, renal function, and nutritional state. Am Heart J 2009;158:659-66.Back to cited text no. 15
          

        
      


      
        	[bookmark: ref16]16.

        	
          
            Dabbah S, Hammerman H, Markiewicz W, Aronson D. Relation between red cell distribution width and clinical outcomes after acute myocardial infarction. Am J Cardiol 2010;105:312-7.Back to cited text no. 16[PUBMED]
          

        
      


      
        	[bookmark: ref17]17.

        	
          
            Ani C, Ovbiagele B. Elevated red blood cell distribution width predicts mortality in persons with known stroke. J Neurol Sci 2009;277:103-8.Back to cited text no. 17[PUBMED]
          

        
      


      
        	[bookmark: ref18]18.

        	
          
            Hampole CV, Mehrotra AK, Thenappan T, Gomberg-Maitland M, Shah SJ. Usefulness of red cell distribution width as a prognostic marker in pulmonary hypertension. Am J Cardiol 2009;104:868-72.Back to cited text no. 18[PUBMED]
          

        
      


      
        	[bookmark: ref19]19.

        	
          
            Wang F, Pan W, Pan S, Ge J, Wang S, Chen M, et al. Red cell distribution width as a novel predictor of mortality in ICU patients. Ann Med 2011;43:40-6.Back to cited text no. 19
          

        
      


      
        	[bookmark: ref20]20.

        	
          
            Passali D, Corallo G, Yaremchuk S, Longini M, Proietti F, Passali GC, et al. Oxidative stress in patients with obstructive sleep apnoea syndrome. Acta Otorhinolaryngol Ital 2015;35:420-5.Back to cited text no. 20[PUBMED]
          

        
      


      
        	[bookmark: ref21]21.

        	
          
            Gunbatar H, Sertogullarindan B, Ekin S, Akdag S, Arisoy A, Sayhan H, et al. The correlation between red blood cell distribution width levels with the severity of obstructive sleep apnea and carotid intima media thickness. Med Sci Monit 2014;20:2199-204.Back to cited text no. 21
          

        
      


      
        	[bookmark: ref22]22.

        	
          
            Foster GD, Sanders MH, Millman R, Zammit G, Borradaile KE, Newman AB, et al. Obstructive sleep apnea among obese patients with type 2 diabetes. Diabetes Care 2009;32:1017-9.Back to cited text no. 22[PUBMED]
          

        
      


      
        	[bookmark: ref23]23.

        	
          
            Pamidi S, Aronsohn RS, Tasali E. Obstructive sleep apnea: Role in the risk and severity of diabetes. Best Pract Res Clin Endocrinol Metab 2010;24:703-15.Back to cited text no. 23[PUBMED]
          

        
      


      
        	[bookmark: ref24]24.

        	
          
            Priou P, Le Vaillant M, Meslier N, Chollet S, Masson P, Humeau MP, et al. Independent association between obstructive sleep apnea severity and glycated hemoglobin in adults without diabetes. Diabetes Care 2012;35:1902-6.Back to cited text no. 24[PUBMED]
          

        
      


      
        	[bookmark: ref25]25.

        	
          
            Oltmanns KM, Gehring H, Rudolf S, Schultes B, Rook S, Schweiger U, et al. Hypoxia causes glucose intolerance in humans. Am J Respir Crit Care Med 2004;169:1231-7.Back to cited text no. 25[PUBMED]
          

        
      

    

  
Figure: 1

  [bookmark: fig_EurasianJPulmonol_2018_20_1_33_231807_f1.jpg][image: ]


  Figure 1: Negative correlations between glucose levels and mean O2
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  Table 1: Demographic characteristics and laboratory findings of obstructive sleep apnea syndrome and control group
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