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Objective: This meta-analysis aims to determine whether ocular surface alterations are associated with disease severity in patients with obstructive sleep apnea–hypopnea syndrome (OSAHS).
Methods: The protocol for this systematic review and meta-analysis was registered in PROSPERO. We conducted the search in six electronic databases (China National Knowledge Infrastructure, EMBASE, Cochrane Library, Web of Science, Wanfang, and PubMed) from since the construction of the databases to 30 December 2022. The standard mean difference (SMD) and correlation coefficients are reported as measures of the effect size in the presence of retrieved data. In addition, the random effects model or fixed effects model was used in a combined analysis. Stata 11.0 and R 3.6.1 were used for statistical analyses of the data.
Results: A total of 15 studies satisfied the inclusion criteria for this study. The prevalence of floppy eyelid syndrome (FES) and dry eye syndrome in patients with obstructive sleep apnea–hypopnea syndrome was 40 and 48%, respectively. In addition, the Schirmer 1 value and tear break-up time (TBUT) were remarkably reduced in patients with OSAHS when compared to that of the controls. The ocular surface disease index (OSDI) scores, Oxford corneal staining scores, and the rates of loss in the meibomian glands were elevated in patients with obstructive sleep apnea–hypopnea syndrome when compared to that of the controls, especially those with severe disease. Moreover, the Schirmer 1 value and tear break-up time exhibited a negative correlation with the apnea–hypopnea index (AHI), and the OSDI showed a positive association with the apnea–hypopnea index.
Conclusion: Patients with OSAHS had a greater prevalence of FES than the healthy controls. They also showed lower Schirmer 1 value and tear break-up time but had a higher OSDI, Oxford corneal staining scores, and rates of loss in the meibomian glands than the healthy controls.
Clinical Trial Registration: (https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=392527).
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1 INTRODUCTION
Obstructive sleep apnea–hypopnea syndrome (OSAHS) is a severe and potentially fatal sleep disease characterized by recurring apneic events and awakenings through all stages of sleep, leading to enhanced oxidative stress, sympathetic activity, and inflammatory response (Wang et al., 2020; Fiedorczuk et al., 2023). The most prominent feature of this condition is chronic intermittent hypoxia, which stimulates chronic inflammatory processes, attenuates antioxidant mechanisms, and increases the production of reactive oxygen products during the reoxygenation phase (Vaccaro et al., 1992; Vakil et al., 2018; Ma et al., 2019). Patients with OSAHS have an increased risk of cardiovascular diseases (CVDs), like hypertension, heart failure, and coronary heart disease (Kohler, 2015; Stansbury and Strollo, 2015). Oxidative stress, sympathetic activity, and systemic inflammatory reactions are linked to chronic intermittent hypoxia that might impact the ocular vasculature (Kohler and Stradling, 2010). In addition, OSAHS is linked to multiple ocular surface diseases, such as floppy eyelid syndrome (FES), meibomian gland dysfunction, and dry eye (Lin et al., 2022; Liu et al., 2022; Mavigok et al., 2022), which are in turn associated with elevated blood carbon dioxide levels due to prolonged intermittent hypoxia. This results in alterations in the hemodynamics which includes high nighttime variations in blood pressure and dilated and enlarged cerebral blood vessels. These variables interfere with the natural hemodynamics of the eye and ultimately lead to the onset and progression of a range of ocular surface diseases (Dhillon et al., 2007; Grover, 2010).
Ocular surface diseases damage the ocular surface structures and functions, thus directly affecting the visual function in patients, which further deteriorates their mental health and quality of life (Tomic et al., 2013). The common ocular surface diseases are floppy eyelid syndrome (FES), dry eye, keratoconus, and meibomian gland dysfunction (Brautaset et al., 2015; Kim et al., 2018; Phillips et al., 2019). Schirmer 1, tear break-up time (TBUT), ocular surface disease index (OSDI), intraocular pressure, meibomian gland (MG) loss rates, and corneal fluorescein staining are important indices to evaluate ocular surface disease. The most common dry eye diagnostic tests are Schirmer 1, TBUT, and OSDI (Abusharha et al., 2022). Schirmer 1 is considered the gold standard method for measuring tear production (Veloso et al., 2020), while TBUT is the traditionally used method to measure and assess tear-film stability in the clinic (Hwang et al., 2020). The OSDI is used to assess the symptoms associated with dry eyes (Alanazi et al., 2022), and it has been extensively used as the method of evaluating corneal injuries, particularly injuries to the epithelium, by staining injured corneal sites with fluorescein (Fukuda and Sasaki, 2012). Accurate measurements of the intraocular pressure (IOP) are the key to diagnosing and monitoring glaucoma (Lee et al., 2021). The quantification of the area of MG loss is of importance when assessing meibomian gland dysfunction (MGD) (Deng et al., 2022). MGD may contribute to evaporative dry eye and aqueous-deficient dry eye, according to the International Workshop on Meibomian Gland Dysfunction (Lin et al., 2017). Previous studies have reported that patients with OSAHS have higher OSDI scores and corneal fluorescein staining scores but lower TBUT and Schirmer value than do healthy controls. These associations suggest the compromised ocular surface characteristics in patients with OSAHS, which might increase the risk of developing dry eye syndrome (Acar et al., 2013; Karaca et al., 2016). However, the study by Gunes et al. (2023) reports that the AHI seems to be insignificantly related to Schirmer values and OSDI scores. The relationship between the AHI and ocular surface parameters have to be further investigated. The dysfunction of the lid glands is another significant factor contributing to the development of dry eye syndrome (Baudouin et al., 2016). Two previous studies have examined the possible involvement of the MG in OSAHS, demonstrating that patients with OSAHS, particularly those with a severe condition, often have MG atrophy (Karaca et al., 2019; Muhafiz et al., 2020). Recently, the assessment of ocular surface disorders using non-invasive screening has become more common. Therefore, ocular surface evaluation in patients with OSAHS should not be neglected. A previous meta-analysis conducted by Garcia-Sanchez et al. (2022) examined the association between ocular diseases and OSAHS. They reported that OSAHS increased the risk of glaucoma and diabetic retinopathy. Cheong et al. (2023) also revealed in a meta-analysis that patients with OSAHS have a considerably elevated risk of FES. Nevertheless, the aforementioned studies did not analyze the ocular surface characteristics in patients with OSAHS. In addition, no previous meta-analysis has explored dry eye prevalence in OSAHS. Dry eye, being one of the most prevalent ocular surface disorders, should be considered by clinicians when treating patients with OSAHS. In addition, the relationship between the relevant dry eye screening indicators and AHI requires further in-depth studying.
Consequently, this study aims at providing a more comprehensive meta-analysis of the existing data to compare the ocular surface assessment outcomes between healthy controls and patients with OSAHS. Furthermore, we analyze the relationship between ocular surface changes and severity of the condition in patients with OSAHS.
2 MATERIALS AND METHODS
This review conforms with the guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). The protocol of the review is also registered in PROSPERO (CRD 42023392527).
2.1 Search strategy
Six databases (China National Knowledge Infrastructure, Wanfang, Web of Science, Cochrane Library, EMBASE, and PubMed) were searched for all the relevant published literature from since the construction of the databases till 30 December 2022. We used the following strategy for searching free text: (“sleep apnea” OR “nocturnal hypoxia” OR “nocturnal hypoxemia” OR “OSA” OR “obstructive sleep apnea” OR “obstructive sleep apnea syndrome” OR “syndrome, obstructive sleep apnea” OR “obstructive sleep apnea” OR “sleep apnea, obstructive”) AND (“ocular surface”) AND (“trial” OR “cohort” OR “case-control” OR “observational” OR “longitudinal” OR “study” OR “cross-sectional”). We further conducted manual searches of the bibliographies of reviews and included studies but obtained no additional relevant records.
2.2 Study selection
Two authors (JS and JH) used the citation management system EndNote 20 to independently identify publications that met the criteria. After screening the potential articles using titles and abstracts, complete texts were screened for final decisions regarding inclusion and exclusion of articles. The research subjects of the literature were adults (age ≥18 years). All adult randomized controlled trials (RCTs) and observational studies reporting any connection between OSAHS and ocular surface alterations in patients compared to healthy controls were included. The respiratory disturbance index, apnea–hypopnea index (AHI), and clinical diagnoses of OSAHS were used to quantify the incidence and severity of the disease [e.g., International Classification of Diseases (ICD) diagnostic codes] (Bindi et al., 2022). The degree of severity of OSAHS was measured based on conventional standards. The following OSAHS severity criteria based on the AHI apply to adults: normal, AHI <5; mild, AHI 5–14; moderate, AHI 15–29; and severe, AHI ≥30 (McCann et al., 2009; Bitners and Arens, 2020). We also included academic dissertations, conference abstracts, and other forms of gray literature that satisfied the aforementioned requirements. However, experiments conducted using animal, reviews, case reports, and letters were not considered.
2.3 Data extraction
The data from each publication were extracted by three researchers (SJ, LZ, and HJ) and standardized into a common spreadsheet format that included all the relevant details, such as name of the first author, publication year, research design, setting, sample size, participant’s demographics, percentage of males, applicable exposures and interventions, outcomes, control variables, statistical methods, and ocular surface examination items.
2.4 Literature quality evaluation
Since the studies that satisfied the inclusion criteria were all observational, we assessed the potential for bias using the Newcastle–Ottawa Scale (Stang, 2010). Studies were evaluated based on their potential for bias and given a risk of bias rating of either high (<5 stars), moderate (5–7 stars), or low (≥8 stars).
2.5 Statistical analysis
The retrieved data were summarized and analyzed with the aid of the R (v. 3.6.1) and Stata (v. 11.0) statistical software programs. The standard mean difference (SMD) was used with a 95% confidence interval (CI) to describe the continuous variables after normalization. A meta-analysis was conducted using Spearman’s correlation coefficients (CORs) to probe the links between Schirmer 1, TBUT, OSDI, and AHI scores in patients with OSAHS. Spearman’s product-moment COR was not likely to be dependent on the sample distribution based on the standard error, which is often reliant on the significance of the rank COR. Fisher transformation was employed to make direct comparisons across all CORs. Afterward, the analysis was completed using the transformed values as input values before reverting them to CORs (Chen et al., 2013). The calculated effect size (small, ≤0.3; moderate, 0.3–0.5; and large, >0.5) was analyzed using Cohen’s criterion. Moreover, Spearman’s COR was employed to study the correlation between Schirmer 1, TBUT, OSDI, and AHI scores. In line with this explanation, the following formula has been cited by multiple research reports as a means of transforming Pearson’s COR to Spearman’s COR:r = 2 sin (rs [image: image]where r and rs denote the CORs calculated using Pearson’s and Spearman’s methods, respectively (Wang et al., 2019). The heterogeneity of the data was analyzed by chi-square and Cochran’s Q tests. The degree of heterogeneity was evaluated with the I2 statistic (low heterogeneity was indicated by 25%, moderate by 50%, and high by 75%). The study heterogeneity was considered low when the I2 value was <50% and high when it was ≥50%. We used both fixed and random effects models to account for the possibility of perfect (zero) homogeneity across the studies.
We evaluated the possibility of publication bias and sensitivity analysis if more than 10 studies were included. As a part of the sensitivity analysis, individual studies were each removed to see how their results affected the overall effect size. To assess the existence of publication bias, we used Egger’s tests and linear regression.
3 RESULTS
3.1 Retrieved and included articles in review
Overall, 163 research studies that were relevant to the topic were compiled from the databases. After the removal of duplicates, 145 articles were screened. After excluding 116 obviously irrelevant references while screening the abstracts and titles, the total number of studies was 29. After downloading the 29 publications, we examined the complete texts in detail. As per the inclusion and exclusion criteria, 12 publications were excluded. The following parameters were used to exclude these publications: three reviews, two letters to the editor, five lacked applicable data, and two were experiments on animals. Finally, 17 publications (Kadyan et al., 2010; Acar et al., 2013; Karaca et al., 2016; Fox et al., 2017; Liu and Gao, 2017; Acar et al., 2018; Karaca et al., 2019; Cristescu and Mihaltan, 2020; Muhafiz et al., 2020; Bi et al., 2022; Bonacci et al., 2022; Lin et al., 2022; Liu et al., 2022; Mavigok et al., 2022; Pu et al., 2022; Ulutas et al., 2022; Gunes et al., 2023) were included in the meta-analysis (Figure 1). For the patients with OSAHS, six studies (Acar et al., 2013; Karaca et al., 2019; Muhafiz et al., 2020; Lin et al., 2022; Liu et al., 2022; Ulutas et al., 2022) examined the incidence of FES and four studies examined the incidence of dry eye (Acar et al., 2018; Liu et al., 2022; Pu et al., 2022; Gunes et al., 2023) (Table 1). Sixteen articles (Kadyan et al., 2010; Acar et al., 2013; Karaca et al., 2016; Fox et al., 2017; Liu and Gao, 2017; Acar et al., 2018; Karaca et al., 2019; Cristescu and Mihaltan, 2020; Muhafiz et al., 2020; Bi et al., 2022; Bonacci et al., 2022; Lin et al., 2022; Mavigok et al., 2022; Pu et al., 2022; Ulutas et al., 2022; Gunes et al., 2023) compared the ocular surface assessment outcomes of the patients with OSAHS and healthy controls. Seven publications (Karaca et al., 2016; Cristescu and Mihaltan, 2020; Muhafiz et al., 2020; Lin et al., 2022; Liu et al., 2022; Pu et al., 2022; Gunes et al., 2023) reported a COR between Schirmer 1 and AHI scores (either Spearman’s or Pearson’s). Pearson’s or Spearman’s COR between TBUT and AHI scores was reported in six research studies (Karaca et al., 2016; Muhafiz et al., 2020; Lin et al., 2022; Liu et al., 2022; Pu et al., 2022; Gunes et al., 2023). Pearson’s or Spearman’s CORs were presented between OSDI and AHI scores in four publications (Karaca et al., 2016; Liu et al., 2022; Pu et al., 2022; Gunes et al., 2023). All the included studies examined adult participants only. The PRISM process flow for choosing and vetting publications from the literature is depicted in Figure 1. As shown in Table 1, the included studies provide basic information about their results.
[image: Figure 1]FIGURE 1 | Process flowchart depicting the stages of selecting relevant literature and outcomes depending on the reporting items of the selected meta-analysis.
TABLE 1 | Characteristics of included studies.
[image: Table 1]3.2 Prevalence of FES in patients with OSAHS
Six articles reported the number of patients with OSAHS having combined FES. Thus, these articles, involving 627 patients with OSAHS and 286 patients who were FES-positive, were subjected to a combined analysis. The meta-analysis showed that the total prevalence rate of FES in the patients with OSAHS was 40% (95% CI, 0.37–0.43; p < 0.001; Figure 2A).
[image: Figure 2]FIGURE 2 | Prevalence of floppy eyelid syndrome (FES) and dry eye syndrome in patients with OSAHS as determined by the random effects model. (A): FES; (B): dry eye syndrome.
3.3 Prevalence of dry eye in patients with OSAHS
Four articles reported patients with OSAHS having comorbid dry eye. These articles, involving 346 patients with OSAHS and 159 patients with dry eye, were subjected to a combined analysis. The meta-analysis results illustrate that the total prevalence of dry eye in the patients with OSAHS was 48% (95% CI, 0.37–0.60; p < 0.001; Figure 2B).
3.4 Differences in Schirmer 1 values between patients with OSAHS and healthy subjects
Eleven studies provided Schirmer 1 data for patients with OSAHS and normal controls. Patients with OSAHS had lower Schirmer 1 values than the normal controls (SMD, −0.64; 95% CI, −0.89 to −0.39; p < 0.001; I2, 82%). The influence of the severity of illness on the Schirmer 1 values of the patients was investigated using subgroup analysis, which was completed using the disease severity parameter. The subgroup analysis results indicated that the participants in the groups with mild (SMD, −0.24; 95% CI, −0.48 to −0.01; p = 0.044), moderate (SMD, −0.72, 95% CI, −1.24 to −0.20; p = 0.006), and severe (SMD, −0.91; 95% CI, −1.38 to −0.44; p < 0.001) OSAHS all exhibited lower Schirmer 1 values than the healthy participants. In addition, the Schirmer 1 values showed a more significant decrease with increasing disease severity (Figure 3; Table 2).
[image: Figure 3]FIGURE 3 | Forest plot depicting the SMD and its 95% CI for Schirmer 1 value in patients with integral OSAHS when compared with the healthy controls in the meta-analysis. SMD, standard mean difference; CI, confidence interval; and OSAHS, obstructive sleep apnea–hypopnea syndrome.
TABLE 2 | Ocular surface parameter comparing between the control and case groups for OSAHS.
[image: Table 2]3.5 Differences in TBUT between OSAHS patients and healthy subjects
Fourteen articles reported data on TBUT outcomes in patients with OSAHS and normal controls. TBUT was shown to be substantially lower in the patients diagnosed with OSAHS than in the healthy participants (SMD, −0.78; 95% CI, −1.02 to −0.54; p < 0.001; I2, 84.4%). Subsequently, the disease severity was considered for the subgroup analysis. In the group of patients diagnosed with mild OSAHS, there was no significant difference in the TBUT values between the patients with OSAHS and healthy participants (SMD, −0.24; 95% CI, −0.48 to −0.01; p = 0.055). However, in both the moderate and severe OSAHS groups, the patients had lower TBUT than the healthy subjects (SMD, −0.91; 95% CI, −1.31 to −0.51; p < 0.001 and SMD, −1.07; 95% CI, −1.37 to −0.76; p < 0.001, respectively). In addition, the TBUT values showed a more significant decrease with increasing disease severity (Figure 4; Table 2).
[image: Figure 4]FIGURE 4 | Comparison of the TBUT values between the patients with integral OSAHS and controls, shown as a forest plot of the SMD and its 95% CI. SMD, standard mean difference; CI, confidence interval; OSAHS, obstructive sleep apnea–hypopnea syndrome; TBUT, tear break-up time.
3.6 Differences in OSDI scores between OSAHS patients and healthy subjects
Eleven articles provided data on the OSDI scores in patients with OSAHS and healthy controls. The OSDI scores were substantially higher in the patients diagnosed with OSAHS than in the healthy controls (SMD, 1.19; 95% CI, 0.76–1.61; p < 0.001; I2, 93.9%). Subsequently, the severity of the illness was considered when performing the subgroup analysis. In the group of patients having mild OSAHS, there was no significant difference in terms of OSDI scores between the patients with OSAHS and healthy participants (SMD, 0.62; 95%, CI, −0.02 to 1.25; p = 0.056). However, in both the moderate and severe OSAHS groups, the patients had higher OSDI scores than the healthy subjects (SMD, 1.33; 95% CI, 0.46–2.19; p = 0.003 and SMD, 1.75; 95% CI, 0.66–2.84; p = 0.002, respectively). In addition, the OSDI scores showed a more significant increase with increasing disease severity (Figure 5; Table 2).
[image: Figure 5]FIGURE 5 | Meta-analysis of the SMD and 95% CI for the OSDI scores among the patients with integrated OSAHS and controls, shown as a forest plot. SMD, standard mean difference; CI, confidence interval; OSAHS, obstructive sleep apnea–hypopnea syndrome; OSDI, ocular surface disease index.
3.7 Differences in Oxford corneal staining scores between patients with OSAHS and healthy controls
Four articles provided data on the Oxford corneal staining scores for patients with OSAHS and healthy controls. The patients with OSAHS did not show a significant variation in their Oxford corneal staining scores when compared to the healthy controls (SMD, 0.31; 95% CI, −0.04 to 0.66; p = 0.081; I2, 83.8%). Subsequently, the severity of the illness was subjected to subgroup analysis. No significant difference was observed in the Oxford corneal staining scores between the patients with OSAHS and healthy controls in the groups with patients having mild and moderate OSAHS (SMD, −0.04; 95% CI, −0.52 to 0.43; p = 0.866 and SMD, 0.36; 95% CI, −0.46 to 1.18; p = 0.388, respectively). However, in the group with patients having severe OSAHS, the patients had higher Oxford corneal staining scores than did the healthy controls (SMD, 0.61; 95% CI, 0.21–1.01; p = 0.003; Table 2).
3.8 Differences in intraocular pressure between patients with OSAHS and healthy controls
Five studies provided data on the intraocular pressure in patients with OSAHS and healthy controls. There was no significant difference between the intraocular pressure in patients with OSAHS and the healthy controls (SMD, 0.43; 95% CI, −0.03 to 0.89; p = 0.064; I2, 80.7%; Table 2).
3.9 Differences in MG loss rates between patients with OSAHS and healthy controls
The comparison between the MG loss rates in patients with OSAHS and healthy controls was reported in three studies. The patients with OSAHS had a higher incidence of MG atrophy than the normal participants (SMD, 0.69; 95% CI, 0.25–1.13; p = 0.002; I2, 89.7%; Table 2).
3.10 Correlational meta-analysis of Schirmer 1, TBUT, OSDI, and AHI scores
Seven studies reported Spearman’s or Pearson’s CORs between Schirmer 1 and AHI scores (Table 3). The severity of OSAHS may be evaluated using the AHI score. The “meta” R soft package was used to conduct a meta-analysis on the findings of the Schirmer 1 and the AHI scores recorded from the patients with OSAHS. The results suggested an effect size of −0.24 (95% CI, −0.43 to 0.04; p = 0.019; I2, 74%) for the correlation between the Schirmer 1 values and AHI scores (Figure 6A). The correlation between TBUT and AHI scores was reported in six publications using either Spearman’s or Pearson’s CORs (Table 3). The results showed a correlation effect value of −0.30 between the TBUT and AHI scores (95% CI, −0.39 to −0.22; p < 0.001; I2, 28%; Figure 6B). The correlation between the OSDI and AHI scores was reported in four studies using either Spearman’s or Pearson’s COR (Table 3). The correlation effect value between the OSDI and AHI scores was 0.34 (95% CI, 0.06–0.57; p = 0.019; I2, 85%; Figure 6C).
TABLE 3 | Correlation coefficients of included studies.
[image: Table 3][image: Figure 6]FIGURE 6 | Funnel plot displaying the associations between the Schirmer 1, TBUT, OSDI scores, and AHI in terms of effect sizes. (A) Schirmer 1; (B) TBUT; and (C) OSDI scores. TBUT, tear break-up time; OSDI, ocular surface disease index.
3.11 Publication bias and sensitivity analysis
No study was identified as having a potential source of heterogeneity in the sensitivity analysis (Figure 7). The publication bias was determined using the Egger’s linear regression based on the p values and 95% CIs of the prevalence of FES (p = 0.475; 95% CI, −7.92 to 15.57), Schirmer 1 value (p = 0.082; 95% CI, −7.77 to 0.50), TBUT (p = 0.390; 95% CI, −6.00 to 2.42), OSDI (p = 0.406; 95% CI, −1.87 to 0.78), and Oxford corneal staining scores (p = 0.09; 95% CI, −1.95 to 21.19). Figure 8 shows the findings that were determined to be unaffected by the publication bias.
[image: Figure 7]FIGURE 7 | Sensitivity analysis of the influence of subsequent testing on the overall findings by systematically omitting specific studies. (A) Prevalence of FES; (B) Schirmer 1 value; (C) TBUT; (D) OSDI; and (E) Oxford corneal staining scores. FES, floppy eyelid syndrome; TBUT, tear break-up time; OSDI, ocular surface disease index.
[image: Figure 8]FIGURE 8 | Publication bias of the included studies assessing the prevalence of laryngopharyngeal reflux in the patients with OSAHS was evaluated using funnel plots. (A) Prevalence of FES; (B) Schirmer 1 value; (C) TBUT; (D) OSDI; and (E) Oxford corneal staining scores. FES, floppy eyelid syndrome; TBUT, tear break-up time; OSDI, ocular surface disease index.
4 DISCUSSION
The eye is a critical organ responsible for vision in humans. The ocular surface performs an indispensable function in the refraction and defense of the eye. The ocular surface anatomy includes corneal epithelium, conjunctiva, and appendages associated with the stabilization of the tear film (Kanellopoulos et al., 2012; Lin et al., 2019). OSAHS is closely associated with damage to several body systems, such as cardiovascular, endocrine, neurological, and ocular surfaces (Lu et al., 2017). This study reported a higher prevalence of OSAHS among patients with eyelid laxity syndrome and dry eye (40 and 48%, respectively). In addition, patients with OSAHS experienced significant changes in the dry eye parameters. Higher OSAHS severity was associated with worsening of dry eye metrics, and the absence of the lid gland was more pronounced in patients with OSAHS. However, there were no substantial differences in the IOP between patients with and without OSAHS. Additionally, the effect of OSAHS severity on the changes in the ocular surface parameters was further analyzed. The AHI values were negatively correlated with the values of Schirmer 1 and TBUT, but positively correlated with the OSDI scores.
Over the past 25 years, an increasing number of studies have investigated ocular surface disorders in patients with OSAHS, with a primary emphasis on dry eye, eyelids, and ocular surface. Cheong et al. (2023) revealed a positive association between OSAHS and eyelid laxity syndrome, and the increase in OSAHS severity was linked to a significant elevation in the risk of FES. Our findings indicate that the patients with OSAHS have a greater risk of developing concomitant FES. Patients who suffer from OSAHS and FES have lower levels of elastic fibers in specific organs of the body, which highlights a probable association between both conditions. This phenomenon provides evidence that the underlying processes could be closely related, even though these mechanisms manifest themselves as two distinct medical conditions. Biological studies in patients with OSAHS and FES have revealed a significant reduction in the number of elastic fibers in certain areas of the body, such as the zygomatic plate, eyelid skin, and uvula (Wang et al., 2016; Nijjar et al., 2022). A previous study has shown that the concentration of the elastic fiber was low in the eyelids and orbicularis oculi muscles of individuals with FES (Idowu et al., 2019). Similarly, the elastin fiber content was significantly low in the uvula and other parts of the pharynx in the patients with OSAHS (Series et al., 2004). Degradation in the elastin fiber is linked to the upregulation of matrix metalloproteinases (MMPs). As per the findings of a previous report, patients with FES have considerably low levels of elastin fiber, which has been associated with higher concentrations of MMPs in the eyelids (Schlotzer-Schrehardt et al., 2005), which in turn lead to the laxity of the eyelids. In apnea and hypopnea, patients with OSAHS experience hypoxic events, which contribute to ischemia-reperfusion damage and enhance oxidative stress due to the enhanced formation of reactive oxygen species (Passali et al., 2015; Stanek et al., 2021). A positive association between MMP overexpression and OSAHS was also been revealed in a meta-analysis by Franczak et al. (2019). Thus, OSAHS promotes the degradation of elastin fibers that results in eyelid laxity via angiogenesis, sympathetic stimulation, systemic and vascular inflammatory processes, and endothelial dysfunction. These findings further justify the biological rationale for the higher rate of combined FES in patients with OSAHS.
Dry eyes develop when tear hypertonicity from evaporation causes damage to the ocular surface. This may happen either directly or indirectly by promoting inflammation (Kamoi et al., 2011). Patients with OSAHS often suffer from dry eyes due to inflammation (Acar et al., 2013; Wang et al., 2016). Pu et al. (2022) confirmed that the prevalence of dry eyes in patients with OSAHS was 42.2% and reached even higher levels—as high as 67.5%—in patients with poor sleep quality. The prevalence of dry eyes in patients with OSAHS in the present study was 48%, which is consistent with previous findings. The ocular surface assessment methods for dry eyes in this study included Schirmer 1 test, TBUT, OSDI, and Oxford corneal staining scores. Overall, the Schirmer 1 and TBUT values were dramatically reduced in patients with OSAHS, whereas the OSDI and Oxford Corneal Staining Score values were substantially increased, particularly in patients with severe disease. Therefore, OSAHS may be a risk factor for dry eyes, and the severity of dry eyes may be correlated with that of OSAHS. In patients with hyperosmolar inflammation, apoptosis of the corneoconjunctival epithelium and cup cells is more likely to occur, which in turn worsens the tear film instability. In addition, tear film instability and tear hyperosmolarity induce inflammation that can lead to a vicious cycle of chronic inflammation of neurogenic origin, and thus increase disease severity (Beckman et al., 2020; Wu et al., 2021; Kasetsuwan et al., 2022). Exposure to intermittent hypoxia in patients with OSAHS leads to systemic inflammatory response and elevated levels of proinflammatory cytokines, such as interleukins 1, 6, and 18 and tumor necrosis factor (Carneiro-Barrera et al., 2022). Cytokines that are generated as a result of injured epithelial cells and dilated conjunctival arteries are the main cause underlying prolonged inflammation. In patients with OSAHS, the increase in the AHI is accompanied by an increase in mechanical stress, hypoxia rates, and ocular surface inflammatory processes. This leads to greater irritation of the lacrimal gland, which in turn leads to diminished corneal sensitivity and attenuated tear secretion. Furthermore, the loss of the lid gland and culet cell function deteriorates the tear film quality and contributes to further exacerbation of the dry eye condition. Two very recent meibography studies have provided evidence that MGD can be implicated in the pathophysiology of OSAHS-related dry eyes (Karaca et al., 2019; Muhafiz et al., 2020). Karaca et al. (2019) reported that patients with severe OSAHS had significantly higher upper eyelid meiboscore values than those having normal snoring patterns, which is in line with the findings of our investigation. These results suggest that ocular surface diseases in patients with OSAHS involve not only tear disorders but also eyelid problems.
In this study, the intraocular pressure (IOP) of the patients with OSAHS was not significantly different than that of the healthy controls. Geyer et al. (2003) observed a correlation between the AHI, glaucoma, and the IOP. Moreover, a study by Mavigok et al. (2022) showed that the included population did not have OSAHS associated with glaucoma, in which typical visual field defects and retinal nerve fiber layer analysis involvement were not observed. In their study, the IOP was in the normal range in both the cases and control groups. On the other hand, Mehta et al. (2022) showed that the association between OSA and glaucoma was influenced by ethnicity, with Malays having a twofold increased risk of glaucoma if they had an intermediate or higher risk of OSA. Lee et al. (2022) observed a correlation between OSAHS and primary closed-angle glaucoma, but not primary open-angle glaucoma. Glaucoma may have many different forms, each of which results in a distinct patient group and a set of diagnostic criteria. The relationship between OSAHS and glaucoma is still a controversial issue. Therefore, the findings of this study have to be further confirmed by expanding the sample size and conducting subgroup analysis for the different types of glaucoma.
In our study, the degree of ocular surface alterations was associated with the severity of OSAHS. As described in the Results section, the AHI values increased and the indicators of ocular surface examination worsened with increase in the number of episodes of apnea and hypoxia. Acar et al. (2013) and Kadyan et al. (2010) measured the TBUT values and evaluated the severity of alterations to the ocular surface using the Schirmer test. According to their findings, the Schirmer values were inversely associated with the TBUT values in terms of OSAHS severity, where a comparatively lower level of tear film was observed in patients with severe OSAHS than in healthy controls. Increased severity of OSAHS leads to more severe nocturnal intermittent hypoxia and increased severity of FES in the affected patients. The clinical symptoms of the patients are characterized primarily by ocular irritation and worsening of dry eyes.
Compared with previously published meta-analyses, this study included recently published high-quality studies, which in turn yields more reliable results. Second, previous reviews have emphasized the systematic evaluation of the association between ocular surface disease and the risk of developing OSAHS. However, the quantitative data from the ocular surface assessment in this review are subjected to combined analysis that lead to more intuitive and refined results. In addition, our findings illustrate a higher rate of comorbid conditions of FES and dry eyes in patients with OSAHS. Therefore, clinicians should consider the ocular surface changes in patients when evaluating OSAHS. According to the present study results, we recommend that patients with severe OSAHS should undergo ocular surface examination at the ophthalmology department. Longitudinal evaluation of ocular surface changes and tear film performance, which include MG dysfunction and cornea fluorescein staining, is required in patients with OSAHS. Accordingly, OSAHS should be considered by ophthalmologists when diagnosing patients who present with dry eye or MG damage of unknown etiology. Overall, our findings are valuable for the early intervention and treatment of combined ocular surface disorders in patients with OSAHS.
However, there are a few limitations to the current study. Covariates like age, sex, and body mass index were not considered in the analytical model used in this study, which could contribute to heterogeneity. Furthermore, many of the included studies did not control for these relevant confounding factors. For instance, age is a crucial confounding factor. As one gets older, the number of elastin fibers decreases, and the lipid metabolism becomes less efficient (De Gregorio et al., 2021). The differences observed between the different age groups might affect the results. However, the participants in all the included studies were adults. The mean age of most participants was in the range of 38–55 years. We could not detect significant differences in the ocular surface assessment outcomes among the different age groups. Thus, it is necessary to conduct further research to verify whether OSAHS can affect the ocular surface disease evaluation when including more children and older adults. As a result of the high prevalence of obesity among people who have OSAHS and ocular surface illness, obesity is considered to be a confounding factor for OSAHS and ocular surface abnormalities (Mastrota, 2008; Bayat et al., 2022). Therefore, the presence of OSAHS and ocular surface disease may only be a collateral phenomenon related to obesity in these patients, and there could be no actual association between OSAHS and ocular surface alterations. Moreover, in the included studies, OSAHS was diagnosed using a variety of approaches, which may affect the accuracy of the true OSAHS sample size.
5 CONCLUSION
As per the findings of this meta-analysis, patients who have OSAHS have a remarkably increased risk of developing FES and dry eye. Additionally, patients with OSAHS usually present with ocular surface alterations. In these patients, early detection and treatment of ocular surface lesions could prevent severe and potentially irreversible ocular surface disease. Accordingly, additional in-depth future studies are required to identify whether there is a link between the risk of OSAHS and alterations in the ocular surface.
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1337 1517 0sDI
BiXDc | 2022 css 23 2 PSG Chima | 4111255 4158 % NA 6 | Schirmer, TBUT, and
15.17 0sDI
FoxTpa | 2017 ccs 33 35 PSG America | 532154 485163 25/43 ] Corneal staining
Fox Tpb | 2017 ccs 70 35 PSG America | 527 £ 113 485:163 55/50 8 Corneal staining
Fox Tpe | 2017 ccs 63 35 PSG America | 555123 485163 58/40 8 Corneal staining
Gunesla | 2022 css 23 29 PSG Turkey 4757 £ 4286 = 3328 7 | Schirmer, TBUT, and
1052 1254 0sDI
Gunesb | 2022 css 27 2 PSG Turkey 4726 + 4286 % 30122 7 | Schirmer, TBUT, and
1151 1254 0sDI
Guneslc | 2022 css 27 29 PSG Turkey 5126 + 4286 + 38/18 7 | Schirmer, TBUT, and
1209 1254 ospI
Karaca EEa | 2016 css 15 50 PSG Turkey | 421108 469122 37/28 6 Schirmer, TBUT,
OSDI, and 10P
Karaca EEb | 2016 css 15 50 PSG Turkey | 526 %106 469%122 4124 6 Schirmer, TBUT,
OSDI, and 10P
Karaca EEc | 2016 css 2 50 PSG Turkey | 490£92 469122 45125 6 Schirmer, TBUT,
OSDI, and 10P
Karaca I | 2019 css 36 u PSG Turkey | 508 %83 479105 22/5 7 Schirmer, TBUT,
0SDI, and corneal
staining
Lin PWa | 2022 css 53 26 PSG China 38 365 NA 8 Schirmer, TBUT,
(328-445)  (31-49) OSDI, and corneal
staining
Lin PWb | 2022 css 2 2 PSG China 405 365 39/40 8 Schirmer, TBUT,
(32-50) (31-49) OSDI, and corneal
staining
Lin PWe | 2022 css 60 2 PSG China 43 365 3632 8 Schirmer, TBUT,
(35-48.5) (31-49) OSDI, and corneal
staining
Liu M 2017 ccs 63 4 PSG China | 421%1L1 43886 3709 6 TBUT and OSDI
LiuSH | 2022 css 103 NA PSG China | 38175 NA 9617 6 | Schirmer, TBUT, and
0sDI
Mavigok E | 2022 ccs 31 30 PSG Turkey 5109 + 4713+ 7024 7 Schirmer, TBUT,
1089 1549 OSDI, and 10P
Muhafiz E | 2020 ccs 32 27 PSG Turkey 45.06 + 773+ 4119 6 | Schirmer and TBUT
1295 739
PuQ 2022 ccs 125 125 PSG China 5412 % 5372 65/21 7 Schirmer, TBUT,
1299 13.03 0SDI, and corneal
staining
Bonaci E | 2022 ccs 35 37 PSG Italy 1031 £36  1L1£341 3042 7 0P
Kadyan | 2010 ccs 89 2 PSG Engand | 5575+ 553107 92/23 8 10P and TBUT
1097
Ulutas HG | 2022 css 47 47 PSG Turkey | 4577 £9.6 4426 + 154/96 7 Schirmer, TBUT,
854 OSDI, and 10P
Cristescu | 2020 cs 65 39 PSG Romania 34-98 36-94 NA 7 Schirmer and IOP
TR
STOP-BANG

OSAHS, obstructive sleep apnea hypopnea syndrome; NOS, Newcastle-Ottawa Scale; a, mild; b, moderate; c, severe; NA, not available; OSDI, Ocular Surface Disease Index; TBUT, tear film
break-up time; IOP, intraocular pressure; CCS, case-control study; CSS, cross-sectional study. PSG: polysomnography STOP-BANG: the snoring, tiredness, observed apnea, high blood Pressure
(STOP)-body mass index, age, neck circumference, and gender (BANG) questionnaire.
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Ocular surface parameter

SMD (95% Cl)

(study = n)
Schirmer 1
 Mild (Kohler, 2015) ~024 (-0.48 t0 0.01) 0.044 145 0321
Moderate (Kohler, 2015) -0.72 (-1.24 t0 0.20) 0.006 828 <0001
Severe (Stansbury and Strollo, 2015) ~0.91 (~1.38 to 0.44) <0001 820 <0.001
VTBUT
i (Stansbury and Strollo, 2015) ~0.24 (-0.48 to 0.01) 0055 318 0185
Moderate (Stansbury and Strollo, 2015) ~091 (-1.31 to 0.51) <0001 755 <0001
Severe (Kohler and Stradling, 2010) ~1.07 (-1.37 to 0.76) <0.001 @3 o010
OSDI scores
Mild (Stansbury and Strollo, 2015) 062 (~0.02 to 1.25) 0056 892 <0.001
Moderate (Stansbury and Strollo, 2015) 133 (046-219) 0.003 942 <0.001
Severe (Stansbury and Strollo, 2015) 175 (0.66-2.84) 0.002 961 <0001
Oxford corneal staining scores
Mild (Vaccaro et al, 1992) ~0.03 (-0.38 to 0.31) 0850 579 | 0.068
Moderate (Vaccaro et al., 1992) 028 (~0.29 to 0.84) 0343 866 <0.001
Severe (Vaccaro et al,, 1992) 047 (0.07-0.86) 0021 722 <0001
Intraocular pressure (Vakil et al., 2018) ‘ 043 (~0.03 to 0.89) 0.64 80.7  <0.001
Rates of loss in the meibomian glands (Kohler and Stradling, 2010) 0.69 (0.25-1.13) 0.002 89.7  <0.001

Ph, Phercrogencitys OSDI, Ocular Surface Disease Index; TBUT, tear film breakup time.
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