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Abstract

:

Obstructive Sleep Apnea Syndrome (OSAS) is a respiratory sleep disorder characterised by repeated episodes of partial or complete obstruction of the upper airway during the night. This obstruction usually occurs with a reduction (hypopnea) or complete cessation (apnea) of the airflow in the upper airways with the persistence of thoracic-diaphragmatic respiratory movements. During the hypopnea/apnea events, poor alveolar ventilation reduces the oxygen saturation in the arterial blood (SaO2) and a gradual increase in the partial arterial pressure of carbon dioxide (PaCO2). The direct consequence of the intermittent hypoxia is an oxidative imbalance, with reactive oxygen species production and the inflammatory cascade’s activation with pro and anti-inflammatory cytokines growth. Tumour necrosis factors, inflammatory cytokines (IL2, IL4, IL6), lipid peroxidation, and cell-free DNA have been found to increase in OSAS patients. However, even though different risk-related markers have been described and analysed in the literature, it has not yet been clarified whether specified inflammatory bio-markers better correlates with OSAS diagnosis and its clinical evolution/comorbidities. We perform a scientific literature review to discuss inflammatory and oxidative stress biomarkers currently tested in OSAS patients and their correlation with the disease’s severity and treatment.
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1. Introduction


Obstructive Sleep Apnea Syndrome (OSAS) is a clinical condition characterised by the occurrence, during sleep, of cyclic episodes of complete (apnea) or partial (hypopnea) obstruction of the upper airways for more than 10 s, with the persistence of thoracoabdominal movements [1]. The lack of proper nocturnal alveolar ventilation during apnea episodes usually results in a reduction in the oxygen saturation of the arterial blood (SaO2) and, in the case of prolonged efforts, in a gradual increase in the blood pressure of carbon dioxide (PaCO2) [2].



At the end of apneic events, micro awakenings occur, defined as “arousal“ an electroencephalographic alteration of the micro-and macrostructure of sleep. These nocturnal awakenings are associated with autonomic changes with the sympathetic nervous system’s activation, temporary increase in blood pressure, and tachycardia [3,4,5].



OSAS is a frequent and often underestimated disease, affecting between 2% and 4% of middle-aged women and men. However, it has been estimated in some clinical studies that it can reach a much higher incidence in older people between 20% and 60% in people over 65 years with significant difference in the Apnea-Hypopnea Index (AHI) [6,7].



As described by several authors, OSAS is associated with an increased incidence of cardiovascular diseases such as high blood pressure, ischemic heart disease, arrhythmias, and cerebrovascular problems. Its treatment with increasingly innovative methods provides promising results on reducing associated comorbidities but Continuous Positive Airway Pressure (CPAP) therapy remains a fundamental approach [8,9,10,11,12,13].



Like patients suffering from dysmetabolic syndromes, the obstructive apnea syndrome patients would seem to be characterised by a chronic systemic inflammatory state [14,15,16].



The nocturnal episodes of the upper airways collapse with consequent chronic intermittent hypoxia lead to repetitive cycles of hypoxia and reoxygenation, enhanced systemic oxidative stress and lead to the development of systemic inflammatory-related biomarkers [17,18].



Although the mechanisms linking OSAS to cardiovascular disorders remain fully elucidated, the endothelial dysfunction related to the intermittent hypoxemia and the consequent generation of reactive oxygen species (ROS) and pro-inflammatory molecules—could play an important role. Therefore, different authors hypothesised that the oxidative stress is the behind conditions in OSAS patients that could promote ischemic heart attack and other cardiovascular damages.



Reactive oxygen species (ROS) in particular, cause damage to the vascular endothelium from the early stages of the disease and stimulates the expression of the adhesion molecules of leukocytes (L-selectin, integrins) and related endothelial adhesion molecules (E-selectin, P-selectin, ICAM-1, VECAM-1) [19,20]. Endothelial lesion resulting from these biomolecular alterations, it would seem to lead to the microvascular damage of patients with OSAS [19].



The pathway consisting of reactive oxygen species induced by intermittent hypoxia (ROS) and the inducible transcription factor of hypoxia-1 (HIF-1) is responsible for deleterious cardiovascular outcomes, including aortic dissection development [21].



The resulting imbalance between oxidative stress from increased oxygen free radicals and an ineffective antioxidant capacity can be quantified through various inflammatory biomarkers, molecules generated by the oxidation of nucleic acids, proteins and lipids and expression of multilevel cell damage [22,23,24,25,26]. On the other hand, increased ROS production resulting from the hypoxia/reoxygenation cycles can increase cytokines and adhesion molecules’ expression linked to endothelial dysfunction and cardiovascular disease.



Ordinarily, oxidative stress biomarkers were defined as a large comprehensive species, including both the factors liberated as free oxygen radicals and plasma markers of systemic inflammation.



Usually, oxidative stress biomarkers have been defined as a large complete species, including both factors released as oxygen free radicals and plasma markers of systemic inflammation. However, to fully understand the physiopathogenic mechanisms of the systemic inflammatory process, the different pro-inflammatory patterns and circulating inflammatory markers must be identified and specified (Table 1).



Macrophages play a fundamental role in the inflammatory process and polymorphonuclear neutrophils. Through the oxidative burst process, macrophages produce a whole series of molecules and the reactive oxygen species, including substances reactive to thiobarbituric acid, 8-OHdG and asymmetric dimethylarginine (Figure 1). Therefore, it is essential to correctly discriminate between the various classes of molecules and the respective oxidative pathway involved through blood and urine assays in OSAS patients with cardiovascular disorders and metabolic diseases such as type II diabetes mellitus neurodegenerative disorders between which cognitive dysfunctions.



This manuscript has revised the existing literature regarding oxidative stress and inflammation biomarkers expression in obstructive OSAS patients classifying the main inflammation biomarkers of a hyperexpression found in OSAS patients. This review tries to clarify what has been reported and discussed to date about the different inflammatory markers in OSAS patients.




2. Materials and Methods


Study Protocol


A review of medical literature was conducted using PubMed, Cochrane, and EMBASE databases from 2000 to 2020. Two authors (A.M.) and (G.I.) independently selected articles by title, abstract and full text. The study’s inclusion was then discussed with an additional author (S.T.) to formulate a suitability judgment. Thus, we applied during the literature revision the following Inclusion criteria: full-text English articles; studies with the adult population or animals; reported values for at least one of the markers of interest. Duplicate results have been removed.



We utilized the main specific keywords in regards such as obstructive sleep apnea, oxidative stress, inflammation biomarkers, protein C reactive, tumour necrosis factor-alpha (TNF-α), interleukin 6 (IL-6), interleukin 8 (IL-8), cell-free DNA, NADPH oxidase, liperoxidation products, advanced oxidation protein products (AOPP), 8-hydroxy-2-deoxyguanosine, nitrite and nitrate, serum NOX2, Asymmetric dimethylarginine (ADMA), arginase, antioxidant system, glutathione, vitamin C and vitamin E.





3. Results and Discussion


The characteristic imbalance between pro-inflammatory and anti-inflammatory factors leads to increased oxidative stress, mainly due to increased oxygen free radicals and an ineffective antioxidant capacity [23,24].



The different molecules involved in chronic systemic inflammation, whose quantification is possible through various inflammatory blood or urinary biomarkers deriving from nucleic acids, proteins and lipids are described in Table 2.



The repeated cycles of chronic hypoxia/reoxygenation and sleep fragmentation that lead to increased ROS production, circulating cytokines and adhesion molecules in OSAS patients are correlated in the literature to cardiovascular, metabolic and neurodegenerative comorbidities (Table 3).



3.1. Oxidative Stress Markers


3.1.1. Leukocytes’ Oxidative Derived


The respiratory burst or oxidative burst is responsible for producing and releasing reactive oxygen species such as superoxide anion, hydrogen peroxide, and hypochlorite anion [36]. Different triggering stimuli, including the hypoxia characteristic of the OSAS pathology, could originate the reaction [37]. This process is enzyme-mediated, specifically by nicotinamide adenine dinucleotide phosphate oxidase (NADPH oxidase), reducing free oxygen O2 to superoxide the subsequent cascade production of other reactive molecules such as anions hydroxide, peroxide, hypochlorite, and nitrogen monoxide [38]. Moreover, this step is precisely responsible for the oxidation of the biological compounds such as lipids, proteins and DNA and the impaired plasma concentration of associated oxidative markers [39].



Schulz et al. reported in 2000 that neutrophil superoxide generation is higher in OSAS patients than healthy subjects [27]. In particular, the comparison of superoxide release after stimulation in 18 untreated OSAS patients revealed significantly increased levels than the two control groups of 10 healthy volunteers and 10 patients without OSAS (p < 0.01 for each analysis).



Moreover, the authors stated that CPAP therapy reduces the superoxide release characteristic of the respiratory burst and a consequent improvement on the genesis of disorders cardiovascular [37]. Only two nights of CPAP therapy reduced superoxide release by 43% compared to the initial levels (p < 0.01).




3.1.2. NADPH Oxidase


Numerous studies in the literature demonstrate the upregulated NADPH enzyme expression in OSAS patients’ leukocytes due to the hypoxic stimulus [41,42,43,44,45,46,47,48,49,50].



As demonstrated by Liu et al. as the expression of specific polymorphisms of the NADPH phagocytic oxidase subunit is significantly increased in OSAS patients compared to healthy subjects (p < 0.01) demonstrating the correlation of the gene with the pathology [51]. Likewise, polymorphism’s functional mechanisms entail pathophysiological consequences such as oxidative modifications of LDL, intimal lymphocytic infiltration, and successive formation of atherosclerosis [41,42,43].



Furthermore, experimental studies on mouse models have shown the neurobehavioral disorders and hypertension associated with OSAS and increased oxidative stress and inflammation, defining NADPH oxidase as a possible therapeutic target for the obstructive disease [44,45,46].




3.1.3. Liperoxidation Products


The exponential increase in oxygen free radicals released by leukocyte cells leads to the production of biological compounds of peroxidation lipids and corresponding biomarkers.



Among the reactive substances that reflect the increase in lipid peroxidation are the thiobarbituric acid reacting substances and malonaldehyde, reactive substances are deriving from the oxidation of fatty acids with three or more double bonds [48].



As demonstrated by several literature studies, thiobarbituric acid reactive species and malondialdehyde are significantly correlated with the severity of OSAS [48,49,50,51,52,53,54].



Another marker is represented by the Isoprostanes that derive mainly arachidonic acid, considered reliable and detectable oxidative stress biomarkers. Its high concentration in cardiovascular disorders and atherosclerosis improve vasoconstrictor tone and can, therefore, contribute to higher arterial hypertension in OSAS patients [23,53,54,55,56,57,58].



In literature, it is shown how the increase of these substances causes a higher cardiovascular risk. Furthermore, CPAP treatment has proven effective in reducing the blood concentration of peroxidised lipids and the risk of associated comorbidity [48,49,59]




3.1.4. Advanced Oxidation Protein Products (AOPP)


Protein oxidation products and related markers quantifiable through blood or salivary assays are used to quantify OSAS-induced oxidative stress [59,60,61,62,63,64]. These include advanced oxidation protein products (AOPP) whose correlation with oxidative stress from hypoxemia is well known in the literature [18,65,66,67,68,69].



The analysis of AOPP levels in patients with severe and moderate OSAS compared to mild and healthy is significantly higher, correlating biomarkers to the apnea-hypopnea index’s severity [62,63]. He et al. found a correlation between neurocognitive impairment in patients with moderate to severe OSAS is associated with oxidative stress expressed with AOPP biomarker [70].



Continuous positive airway pressure (CPAP) treatment has been shown to have a significant effect on serum AOPP values [60,61]. Furthermore, very strong negative correlations (r = −0.987, p < 0.001) between total antioxidant capacity and AOPP levels were demonstrated [65]



The AOPP salivary test showed similar trends to other oxidative stress biomarkers found in response to CPAP treatment with higher diagnostic values in the morning than in the evening (p < 0.05) [67,68].



Opposite results have been found by Mancuso et al. concerning the correlation between protein damage by AOPP levels and OSAS severity [37]. Besides, the OSAS in pregnant women plays a different role in oxidative stress than the general population, with significantly lower values in women with OSAS than in the controls group (p-value < 0.0001) [69].



Yağmur AR et al. investigated the correlation between the levels of advanced oxidative protein products (AOPP) and the polysomnographic parameters in OSAS patients undergoing CPAP treatment, finding significantly higher AOPP values in severe and moderate OSAS [42].




3.1.5. Circulating Free DNA


In the literature, high concentrations of cell-free serum DNA have been detected in many acute inflammatory diseases such as stroke, cancer, heart attack or autoimmune diseases, and obstructive sleep apnea [70,71].



The biomarker examination expresses oxidative damage from oxygen free radicals in OSAS patients resulting from the degradation of fragmented nucleic acids and released to the blood plasma mainly as nucleosomes [72,73].



Circulating DNA free from serum cells is present in small-sized serum quantities of healthy individuals and is often quantified by sampling the b-globin gene [74].



Significantly higher outcomes were found in patients with severe and moderate OSAS than in subjects with mild or healthy OSAS [75]. Bauçà et al. demonstrated an association between AHI and dsDNA and nucleosomes’ concentration through a significant linear correlation analysis [47]. The authors showed that nucleosome and dsDNA levels were higher in OSAS patients than in the control group (1.47 ± 0.88 vs. 1.00 ± 0.33; p < 0.001 and 315.6 ± 78, 0 ng/mL vs. 282.6 ± 55.4 ng/mL; p = 0.007 respectively).




3.1.6. 8-Hydroxy-2-deoxyguanosine


8-Hydroxy-2-deoxyguanosine (8-OHdG) is a product derived from the oxidation of deoxyribonucleic acid (DNA) used in the literature to evaluate oxidative stress damage [76,77,78,79,80,81,82]. Several studies have reported a correlation between the severity of OSAS and 8-OHdG, as well as the total antioxidant capacity (TAC) [68]. Moreover, urinary excretion (8-OHdG) has been positively correlated in patients with OSAS [77].



Jurado et al. provided a further demonstration of the validity of the biomarker, enrolling 46 patients with OSAS (mean ± SD AHI 49 ± 32.1) and 23 non-OSAS subjects (AHI 3 ± 0.9) [83]. The authors found a significant increase in the levels of malondialdehyde and 8-hydroxyoxiguanosine and a subsequent significant improvement in the oxidative stress of malondialdehyde (p = 0.001), 8-hydroxyoxiguanosine (p = 0.001) and carbonyl protein (p = 0.021).





3.2. Systemic Inflammation Markers and Circulating Cytokines


The interaction effect between obstructive gravity of sleep apnea syndrome (OSAS), serum levels of the different pro and anti-inflammatory cytokines (IL-6IL-10, IL-4, IL-2) or inflammation markers (protein C reactive, tumour necrosis factor-α) in literature is still debated [35,78,79]. Despite several authors reporting that patients with the combination of an acute cardiovascular event and sleep apnea have increased inflammatory markers like protein C reactive (CRP), IL1 a, IL-8, IL-6, TNF-α [35,75,80,81,82,83,84]



3.2.1. Tumour Necrosis Alpha Factor (TNF-alpha)


The tumour necrosis alpha factor (TNF-alpha) is a central element in the modulation of systemic inflammation. The pro-inflammatory cytokine TNF-α promotes atherosclerosis by inducing the expression of cellular adhesion molecules that mediate adhesion of leukocytes to the vascular endothelium [83,84,85]. Circulating levels of TNF-α have been reported to correlate with signs of early atherosclerosis amongst healthy middle-aged men [86,87,88,89,90,91]. They are predictive of coronary heart disease and congestive cardiac failure. Moreover, persistently increased levels of TNF-α after myocardial infarction is predictive of future coronary events.



TNF concentration was found to be elevated in patients with OSAS compared to healthy subjects while Continuous Positive Airway Flow (CPAP) treatment is capable of normalising TNF values [84,85,86].



Vgontzas et al. reported a significant reduction in somnolence with the TNF-α etanercept receptor antagonist in a small pilot study [92]. At the same time, McNicholas et al. subsequently identified TNF-α among the various biomarkers, significantly correlated with the oxygen desaturation index in the OSAS patients [88,89].



Furthermore, mild OSAS is associated with an increase in pro-inflammatory systems and a corresponding reduction in anti-inflammatory systems, particularly IL-1 beta decreasing [89].



Arnardottir et al. demonstrated a significantly high correlation between BMI, the oxygen desaturation index, the hypoxia time and the minimum oxygen saturation (SaO2) of OSAS patients but not with the AHI index [87].



Oyama et al. in 2012 enrolled thirty-two patients diagnosed with OSAS in their study. They estimated oxidative markers before and after three months of CPAP therapy, finding plasma concentrations significantly decreased of tumour necrosis factor-α (p < 0.05), interleukin IL-6 (p < 0.01), IL-8 (p < 0.01) with CPAP therapy. However, IL-1β levels persisted unaltered (p = 0.42) [61].




3.2.2. Protein C Reactive


The association of CRP with OSAS has been a subject of debate in recent years with differing conclusions in various studies that have explored the relationship.



Serum CRP levels, as demonstrated by a recent meta-analysis, are higher in patients with OSAS than in the healthy control group and a correlation between the highest body mass index and AHI and CRP values [80,81]. Yokoe et al. observed higher CRP levels in 30 patients with obstructive sleep apnea syndrome than in healthy subjects [36].




3.2.3. Endothelial Related Markers


Endothelial dysfunction resulting from oxidative stress from hypoxemia is the crucial mechanism of many cardiovascular disorders such as atherosclerosis, hypertension and renal failure [15,47,58,64,65,91].



The damage from oxygen free radicals involves the expression of inflammatory cytokines and adhesion molecules (ICAM-1, VCAM-1, E-selectin), the infiltration of neutrophils and monocyte into the vascular wall of the inflammatory cells and the lower production of nitric oxide [18,19].



Nitric oxide or nitrogen monoxide (NO) is synthesised by a family of enzymes called NO synthase (NOS) thanks to the essential amino acid L-arginine. Of the three enzyme isoforms, the endothelial allows the vascular production of NO, mediating vasodilating effect, and platelet aggregation [9,12].



Different oxidative stress pathways can influence the production of NO, such as the synthesis of peroxynitrite by interaction with superoxide or the action of dimethylarginine (ADMA). It interferes with the formation of NO at high levels, the activity of the enzyme dimethylarginine dimethylaminohydrolase is reduced, leading to higher ADMA levels [13,92,93].



The quantification of NO is possible by indirect testing of its oxidative derivatives such as nitrite and nitrate [10,11]. The marker of endothelial apoptosis (CEC) represents a direct sign of cell death induced by various cardiovascular disorders and oxidative stress, at a high concentration in subjects suffering from OSAS compared to healthy subjects and sensitive to medical treatment with CPAP [17].





3.3. Antioxidant System Impairment


The antioxidant system constitutes a set of endogenous defence mechanisms of the organism capable of protecting against related radical damage, constituted by types of antioxidants such as enzymes such as superoxide dismutase, catalase, peroxidase or molecules such as glutathione, vitamin C and vitamin E [23,72].



OSAS patients present an imbalance between the production of oxidative agents and the balancing performed by the antioxidant system defined as total antioxidant capacity (TAC) [24,25].



Superoxide is a fundamental cellular oxidising agent whose dismutation is catalysed by the family of superoxide dismutase (SOD), a series of metallic enzymes. The enzyme allows the dissociation of the superoxide anion into molecular oxygen and hydrogen peroxide in health patients while in OSAS patients have been described lower plasma levels (SOD) [94,95].



Molecules such as glutathione, vitamin C, and vitamin E contribute to improving the state of oxidative stress in patients with OSAS, as shown in the literature in association with CPAP therapy [96,97]. Moreover, oxidative stress contributes to sleep behaviour in patients with OSAS, and the intake of antioxidants improves sleep quality in them [98,99].



Sales et al. found decreased antioxidants in patients with OSAS, suggesting a correlation between antioxidant and neuropsychological alterations in obstructive sleep apnea.



In particular, they observed decreased vitamin E (p < 0.006), superoxide dismutase (p < 0.001) and vitamin B11 (p < 0.001) whereas increased homocysteine levels (p < 0.02).




3.4. Physiopathological Features and Inflammatory Profiles


The association of obstructive sleep apnea (OSAS) and various cardiovascular disease forms, including hypertension, stroke, heart failure (HF), coronary heart disease, and atrial fibrillation is well established in the literature [100,101,102,103,104,105].



Peppard et al. in a cross-sectional study reported a total of 1,023/ 6424 participants (16%) with at least one manifestation of cardiovascular disease, in particular with heart failure and stroke (HR 2.38, CI:1.22–4.62; HR 1.58, CI 1.02–2.46) [106].



Moreover, Johnson et al. in a meta-analysis of 2,343 ischemic or hemorrhagic stroke and TIA patients, found patients with recurrent strokes had a higher rate of sleep breathing disorder (AHI > 10) than initial strokes (74% versus 57%, p = 0.013) [104]. Several authors have recently suggested that OSA / IH mechanisms that induce oxidative stress and inflammation through repeated cycles of upper airway collapse and consequent increase in sympathetic activity could lead to augmented chemoreflex [107,108,109,110,111,112,113]. Nanduri et al. proposed in 2017 an experimental protocol on rodents exposed to chronic intermittent hypoxia to simulate the alterations in oxygen saturation during obstructive sleep apnea [110]. The authors, analysing the molecular mechanisms related to long-term chronic intermittent hypoxia, revealed increased DNA methylation of the genes encoding for antioxidant enzymes and how treatment with decitabine normalised ROS levels as well as reflex chemosensory and blood pressure. The same authors have focused on the role of inducible factors linked to intermittent hypoxia in OSAS patients with comorbidities such as hypertension and type 2 diabetes. Not only the chronic intermittent hypoxia correlated with an increase in HIF-1α protein and a decrease in HIF-2α, but the increased ROS themselves provided to stimulate chemoreflex and the sympathetic nervous system with hypertension [111].



However, despite obesity and hypertension are comorbidities associated with augmented chemoreflex patients, the CPAP treatment has not demonstrated significant results on the sympathetic system activity [19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87,88,89,90,91,92,93,94,95,96,97,98,99,100,101,102,103,104,105,106,107,108,109,110,111,112,113,114].



Liu et al. in 2016 demonstrated in a meta-analysis the significant blood pressure reduction, both diurnal and a mean nocturnal diastolic blood pressure in 457 total patients treated with CPAP [115]. CPAP therapy in sleep apnea has also been shown to effectively reduce the patients’ sympathetic nervous system’s action and, therefore, the proarrhythmic activity [115,116,117,118].



Furthermore, Bradley et al. reported a reduction in mortality among patients who achieved a significant improvement in AHI < 15 events after CPAP [119].



A further characteristic of sleep breathing disorders is the sleep fragmentation which induces an alteration of phlogosis markers, including TNF-α [117,118]. Kaushal et al. reported in KO mice, a linear correlation between sleep fragmentation and higher circulating TNF-α values, despite preserved sleep duration [120].



In this regard, Wang et al. analysed the relationship between obstructive sleep apnea and the status of endothelial progenitor cells (EPCs), premature circulating cells reduced in both number and function in OSAS patients [121]. The authors also reported how CPAP therapy could affect EPCs by reducing systemic inflammation and sympathetic activation.



Although there are countless studies on oxidative stress in patients with obstructive sleep apneas in the literature, few authors analysed the role of inflammatory mediators in OSAS understood as a systemic inflammatory disease. In scientific studies among the oxidative stress biomarkers, those most analysed are protein C reactive (CRP), IL-6 o TNF-α [84,85,86,90].



Among the most debated topics in the literature is the correlation between systemic inflammation and cardiovascular comorbidity, the prevalence of which is higher in OSAS patients [19]. Li et al. analysed how through the study of 58 patients with obstructive sleep apnea, assessed objective and subjective daytime sleepiness concerning pro-inflammatory cytokines, demonstrating a high association with interleukin-6 (IL-6) [122].



Furthermore, as demonstrated by Kritikou et al., men with OSAS have increased CRP, IL-6, insulin resistance and leptin values compared to healthy patients [123].



However, discordant parameters were obtained after using CPAP for two months, showing no change in reducing these oxidative stress biomarkers.



Another relevant finding has been reported by Gottlieb et al., who compared the effects of CPAP treatment on OSAS patients over 12 weeks with decreasing plasma levels of protein C reactive [124]. However, while CPAP did not cause a decrease in CRP on its own, weight loss did change blood levels.



In 2015 an interesting multicentre study was carried out on obstructive sleep apnea and cardiovascular complications [125]. Analysis of the effect of CPAP treatment for 6 months in 391 patients, compared to non-use of therapy, showed no significant changes in interleukin 6 (IL-6), IL-10, protein C reactive, tumour necrosis factor (all p values > 0.05).



Furthermore, very contrasting data are present in the literature on oxidative stress biomarkers’ role, often validated through comparative studies on the consequences of treatment on these molecules’ serum levels.



Another phenomenon capable of reducing obstructive apneas in OSAS patients is that both weight loss and moderate-intensity aerobic exercise have been ascertained.



Just Borges et al. studied 39 patients diagnosed with OSAS by subjecting them to exercise and CPAP treatment [18]. Nevertheless, these measures have not effectively reduced oxidative stress measured through inflammatory profiles to oxidate lipids and proteins, pro and anti-inflammatory cytokines or circulating free DNA levels. Paradoxically, the levels of AOPP and IL-17A in individuals undergoing CPAP without the humidifier have increased.



Rodriguez et al. have recently conducted a multicentre and randomised study analysing different biomarkers of inflammation in 247 women diagnosed with moderate-severe OSAS [89]. They evaluated the effects of ventilatory treatment with CPAP compared to conservative therapy on tumour necrosis factor α (TNFα), interleukin 6 (IL-6), protein C reactive (CRP), brain-derived neurotrophic factor, intercellular adhesion molecule 1 (ICAM-1), superoxide dismutase (SOD) and catalase (CAT). They observed that after 12 weeks of follow-up, there had been no changes between the study group and the control group in any of the oxidative stress biomarkers evaluated. However, in women with CPAP use at least 5 h per night, TNFα levels decreased compared to the control group.



The evaluation of the new biomarker consisting of circulating endothelial cell levels (CEC) is an innovative technique that allows direct information on endothelial damage in the OSAS patient. The increase in circulating endothelial cells occurs typically in other pathologies, such as typing in myocardial injury and atherosclerotic peripheral vascular disease [126].



Endothelial impairment is a linking mechanism between obstructive sleep apnea and cardiovascular disease. The profiles of endothelial microparticles and endothelial progenitor cells reflect the degree of impairment of the endothelium, correlating with the severity of OSAS [127,128,129]. In this regard, Yun et al. recruited 104 patients by dividing them into two groups based on the diagnosis of OSAS and measured the change in the index of endothelial progenitor cells and microparticles after 4–6 weeks of CPAP therapy [127].



Another essential index was the intimate-average carotid thickness (IMT) as a marker of atherosclerosis. The analysis of the data obtained showed higher endothelial damage indices in OSAS subjects compared to non-OSAS questions. In contrast, the carotid IMT index was correlated with the severity of OSAS. Therefore, this study showed how OSAS leads to an increase in endothelial microparticles related to obstructive apnea but only partially responsive to treatment.





4. Data Limitations


Although several studies in the literature report a significant correlation between OSAS and numerous inflammatory biomarkers, other authors affirm conflicting results especially in the results after antioxidant therapy or OSA treatment (several authors reported similar inflammatory biomarkers’ value after positive airway pressure (PAP) therapy). A further contrasting aspect is represented by choosing the most suitable inflammatory marker among those available today, both as a direct inflammatory index and to test the body’s antioxidant capacity. These problems are also exacerbated by the typology of studies in the literature on this subject. Some authors have chosen retrospective study designs among the analyses reported, certainly less reliable than prospective ones. They also did not correlate the group of patients analysed with a control group, or the experimental antioxidant therapeutic results were tested on the animal but not human subjects.




5. Conclusions


Obstructive sleep apnea syndrome is a widely diffused disease strictly interconnected through the chronic systemic inflammatory substrate to different cardiovascular, metabolic and neurodegenerative comorbidities. The two fundamental pathophysiological mechanisms represented by chronic intermittent hypoxia and sleep fragmentation interact variably with the immune system triggering pro-inflammatory pathways, lymphocyte cells, monocytes up to endothelial cells.



Monitoring the circulating levels of countless inflammation markers plays a crucial role in the early identification of associated systemic risk, including the development of cardiovascular diseases. Furthermore, as expressed in the literature, the same treatment with continuous positive airway pressure in OSAS patients could improve inflammatory markers. However, some confounding factors can sometimes affect the outcomes obtained. Through a critical analysis of the underlying mechanisms and possible therapeutic implications, new approaches to the patient with sleep apnea syndrome will emerge in the future.
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Figure 1. Flow chart OSAS flogosis pathway. Abbreviations: PMN oxidative burst, polymorphonuclear neutrophils; TBRSA, thiobarbituric acid reactive substances; Urinary 8-OHdG, urinary excretion of 8-hydroxy-2’-deoxyguanosine; ADMA, Asymmetric dimethylarginine; FRAP, ferric reducing antioxidant power; SOD, Superoxide dismutase; d-ROMs, reactive oxygen metabolites GSH, Glutathione; AOPP, Advanced Oxidation Protein Products; ROS, Reactive oxygen species; CV, Cardiovascular; HIF, Hypoxia-inducible factor; MMP, Matrix metalloproteinase. 
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Table 1. Main classifications of obstructive sleep apnea syndrome OSAS-related immunophlogystic biomarkers.
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	OXIDATIVE STRESS MARKERS
	Reactive Oxygen Species (Peroxides, Superoxide, Hydroxyl Radical)



	
	Nicotinamide adenine dinucleotide phosphate oxidase (NADPH)



	
	Liperoxidation Products



	
	Advanced Oxidation Protein Products (AOPPs)



	
	Circulating free DNA



	
	8-Hydroxy-2-deoxyguanosine



	SYSTEMIC INFLAMMATION MARKERS AND CIRCULATING CYTOKINES
	IL2, IL4, IL6



	
	Tumour necrosis alpha factor (TNF-alpha)



	
	Protein C reactive



	
	Endothelial related markers (E-selectin, P-selectin, ICAM-1, VECAM-1)



	ANTIOXIDANT SYSTEM
	Superoxide dismutase, peroxidase, catalase



	
	Glutathione, Ferric reducing/antioxidant power (FRAP)



	
	Vitamin C



	
	Vitamin E

Vitamin B11, B12
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Table 2. Main biomarkers analysed in the literature divided by physiopathogenetic clusters.
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Leukocytes’ Oxidative Derived




	
Authors

	
Study Features

	
Outcomes Observed






	
R Schulz, S Mahmoudi, K Hattarm et al. (2000) [27]

	
18 OSAS patients compared vs. two control groups of 10 healthy volunteers and 10 patients without OSAS

	
↑ Superoxide Release markedly increased for each comparison (p < 0.01)




	
Liu HG, Zhou YN, Liu K et al. (2010) [28]

	
30 OSAS patients vs. 23 healthy controls

	
↑ NADPH oxidase p22phox mRNA in sputum samples was significantly higher in OSAS (p < 0.05).




	
E Hopps, B Canino, V Calandrino et al. (2014) [29]

	
48 patients with OSAS, subdivided into two subgroups:

Low 21 subjects (AHI < 30)

High 27 subjects (AHI > 30)

	
↑ TBARS and AHI value (r = 0.88, p < 0.0001)

↑ TBARS and ODI (r = 0.88, p < 0.0001)




	
Lavie L, Vishnevsky A, Lavie P (2004) [30]

	
114 patients with OSAS (55 without CVD and 59 with CVD) vs. 30 non-apneic controls.

	
↑ TBARS and Peroxides higher in the morning than in controls and positively correlated with RDI (p < 0.01)




	
Alzoghaibi MA, Bahammam SA (2005) [31]

	
34 hypertensive patients with severe obstructive sleep apnea syndrome (OSAS).

	
= SOD concentrations unchanged after CPAP treatment (0.22  ±  0.09 vs. 0.22  ±  0. U/mL).

↓ TBARS levels after CPAP treatment (2.81  ±  0.27 vs. 2.47  ±  0.35 mmol/mL, respectively, p  <  0.005).




	
Ntalapascha M, Makris D, Kyparos A et al. (2012) [24]

	
18 patients with severe OSAS and 13 controls included in the study.

	
↑ GSH/GSSG overnight ratio and GSH significantly different than controls (p  =  0.03 and p  =  0.048).

= Plasma protein carbonyls, erythrocyte catalase activity, 8-isoprostane, SOD, TBARS, and TAC plasma values not different (p  >  0.05).




	
Systemic Inflammation Markers and Circulating Cytokines




	
Ifergane G, Ovanyan A, Toledano R et al. (2016) [32]

	
43 patients with acute stroke and sleep apnea

	
↑ correlation between AHI, IL-6 (ρ = 0.37, p = 0.02) and PAI-1 (ρ = 0.31, p = 0.07).




	
Lin CC, Liaw SF, Chiu CH et al. (2016) [33]

	
35 patients with moderately severe to severe OSAS vs. 20 healthy controls

	
↓ SIRT1 was lower (p < 0.01)

↑ TNF-α was higher (p < 0.01)




	
Volná J, Kemlink D, Kalousová M et al. (2011) [34]

	
51 patients suspected for OSAS included

	
↑ hsCRP and ODI (R = 0.450, p = 0.001)

↑ hsCRP AHI (R = 0.479, p = 0.001)

↑ hsCRP SpO2 < 90 (R = 0.480, p = 0.001).




	
Wu MF, Chen YH, Chen HC et al. (2020) [35]

	
100 patients included in the final analysis (63 Normal to Moderate OSAS while 37Severe OSAS)

	
↑IL-6 level for all OSAS severity and sex had an interaction effect on (p = 0.030).

↑ CRP (p = 0.001) and ↑ IL-6 (p = 0.000) levels were higher in the obese group than in the non-obese group independently of OSAS severity and sex.




	
Yokoe T, Minoguchi K, Matsuo H, et al. (2003) [36]

	
30 patients with OSAS and 14 obese control subjects.

	
↑ Levels of CRP significantly higher in patients with OSAS than in the control group (p < 0.001)

↑ IL-6 significantly higher in patients with OSAS than in the control group (p < 0.05)




	
Antioxidant System Impairment




	
Mancuso M, Bonanni E, Lo Gerfo A et al. (2012) [37]

	
41 untreated patients with a new diagnosis of OSAS vs. 32 healthy subjects

	
↑AOPP higher than in controls (293.4 ± 109.7 mmol/L vs. 203.2 ± 45.2 mmol/L; (p < 0.0005)

↓ FRAP lower (95% CI for the mean 0.518–0.579 mmol/L vs. 0.713–0.875 mmol/L; p < 0.0001).

↓ Total GSH lower (95% CI for the mean 0.389–0.449 nmol/μL vs. 0.574–0.713 nmol/μL; (p < 0.0001).




	
Katsoulis K, Kontakiotis T, Spanogiannis D et al. (2011) [38]

	
32 OSAS patients without comorbidities

	
↓ TAS significantly decreased compared with the measurement before (1.68  ±  0.11 vs. 1.61  ±  0.10 mmol/l, p  <  0.01).




	
Simiakakis M, Kapsimalis F, Chaligiannis E et al. (2012) [39]

	
66 total subjects referred (42 patients with OSAS vs. 24 controls)

	
↑The levels of d-ROMS were significantly higher (p = 0.005) in the control group

↓ levels of antioxidant capacity in OSAS patients significantly lower (p = 0.004).




	
Sales LV, Bruin VM, D’Almeida V, et al. (2013) [40]

	
14 patients with obstructive sleep apnea vs. 13 controls

	
↓ vitamin E lower levels of (p < 0.006)

↓ superoxide dismutase (p < 0.001) ↓ vitamin B11 (p < 0.001) ↑ homocysteine higher concentrations (p < 0.02)

= Serum concentrations of vitamin C, catalase, glutathione and vitamin B12 unaltered.








Abbreviations: TBARS, thiobarbituric reactive substances; SOD, Superoxide dismutase; GSH, Glutathione reduced; GSSG, Glutathione oxidised; SIRT1, Sirtuin 1; hsCRP, high sensitive protein C reactive; FRAP, ferric reducing antioxidant power; d-ROMs, reactive oxygen metabolites; OSAS, Obstructive sleep apnea syndrome; CVD, Cardiovascular disease; RDI, Respiratory Disorder Index; CPAP, Continuous Positive Airway Pressure; TAC, Total antioxidative capacity; AHI, Apnea-Hypopnea Index; TNF, Tumor Necrosis Factor; CRP, Protein C reactive; AOPP, Advanced Oxidation Protein Products; TAS, Total antioxidant status.
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Table 3. Response to CPAP treatment on Oxidative Stress Biomarkers in Prospective Studies. Abbreviations: NS, not specified.






Table 3. Response to CPAP treatment on Oxidative Stress Biomarkers in Prospective Studies. Abbreviations: NS, not specified.





	References
	Study Design
	Features
	Pretreatment Scores
	Post Treatment Outcomes





	Del Ben et al. 2012 [41]
	Prospective Study
	Patients n = 138 (47diagnosed with primary snoring and 91 OSAS)

Serum levels of soluble NOX2-derived peptide

urinary 8-iso-PGF2α
	Severe OSAS patients:

sNOX2-dp (pg/mL) ↑ but NS

Serum NOx (uM/mL) ↑ but NS

urinary 8-iso-PGF2α ↑ p < 0.001
	Severe OSAS patients after CPAP:

Urinary 8-iso-PGF2α (pg/mL) ↓ p = 0.007

sNOX2-dp (pg/mL) ↓ p = 0.003

Serum NOx (uM/mL) ↓ but NS



	Yagmur et al. 2020 [42]
	Prospective Study
	Patients n  =  165 (125 diagnosed with OSAS, 40 control group)
	AOPP:

Severe OSAS vs. Mild ↑ p < 0.05

Severe OSAS vs. Control ↑ p < 0.05
	AOPP ↓ p = 0.36 but NS



	Mancuso et al. 2012 [37]
	Prospective Study
	Patients n  =  73 (41 diagnosed with OSAS, 32 control group)
	- AOPP ↑ p <0.0005

- Ferric reducing antioxidant power (FRAP) ↓ p < 0.0001

Total glutathione (GSH) p < 0.0001
	AOPP unchanged NS

FRAP levels ↑ p < 0.005

GSH not been re-evaluated



	Celec et al. 2012 [43]
	Prospective Study
	Patients n  =  89 diagnosed with OSAS

TBARS

AOPP

Carbonyl stress (AGEs)

Total antioxidant capacity (TAC)
	TBARS

AOPP

Carbonyl stress (AGEs)

Total antioxidant capacity (TAC)
	TBARS ↓ p  <  0.03

AOPP ↓ but NS

Carbonyl stress (AGEs) ↓p <  0.02).

Total antioxidant capacity (TAC) NS



	Ye L et al. 2010 [44]
	Prospective Study
	Patients n  =  179 (127 diagnosed with OSAS, 52 control group)
	Serum DNA (ng/mL) ↑ p < 0.01

malonaldehyde (MDA) (nmol/mL) ↑ p < 0.01

IL-6 (pg/mL) ↑ p < 0.01
	Serum DNA (ng/mL) ↓ p < 0.01

malonaldehyde (MDA) (nmol/mL) ↓ p= 0.04

IL-6 (pg/mL) ↓p < 0.01



	Muñoz-Hernandez et al. 2015 [45]
	Prospective Study
	Patients n  =  30 diagnosed with OSAS, no control group.
	cell free-DNA = 187.93 ± 115.81 ng/mL
	cell free-DNA (121.28 ± 78.98 ng/mL) ↓ p < 0.01



	Karamanlı et al. 2014 [46]
	Prospective Study
	Patients n  =  35 diagnosed with OSAS and treated with CPAP, no control group.
	Nitrotyrosine 17.3  ±  30.7 pg/mL

IL-6 1.1  ±  2.3 pg/mL

TNF-α 28.9  ±  1.35 pg/mL

8-Isoprostane 5.7  ±  7.9 pg/mL

CRP 8.3  ±  8.5 mg/l
	Nitrotyrosine 4.6  ±  3.4 ↓ p = 0.037

IL-6 0.3  ±  0.2 ↓ p = 0.000

TNF-α 26.8  ±  1.9 ↓ p = 0.000

8-Isoprostane 3.0  ±  1.6 ↓ p = 0.027

CRP 6.2  ±  4.3 ↓ p = 0.064
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