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Objectives: This study investigates the association between blood cystatin-C (Cys-C) and monocyte-to-high-density lipoprotein cholesterol ratio (MHR), both established inflammatory markers, with the severity of obstructive sleep apnea (OSA) in male patients.



Methods: A total of 117 male participants who underwent overnight polysomnography (PSG) between February 2019 and December 2022 were included. Based on the apnea-hypopnea index (AHI), participants were categorized into three groups: G1 (AHI < 5 events/hour, n = 9; control group), G2 (5 ≤ AHI < 30 events/hour, n = 32), and G3 (AHI ≥ 30 events/hour, n = 76). Serum Cys-C and MHR levels were measured and analyzed for their correlation with OSA severity. Multivariate logistic regression and receiver operating characteristic (ROC) analyses assessed their diagnostic value, while restricted cubic spline (RCS) analysis examined potential nonlinear relationships.



Results: Cys-C and MHR levels increased with OSA severity and showed significant positive correlations with AHI (Cys-C: r = 0.084, P < 0.05; MHR: r = 0.1286, P < 0.05). In multivariate regression, MHR remained an independent correlate of OSA severity (adjusted OR = 47.130, 95% CI: 1.014–6.692, P = 0.008), whereas Cys-C lost statistical significance after adjusting for confounders. RCS analysis found no significant nonlinear relationship (P > 0.05). ROC analysis showed that combining Cys-C and MHR modestly improved diagnostic accuracy (AUC = 0.6622, 95% CI: 0.554–0.77). Subgroup analysis indicated that severe OSA patients with hypertension had higher Cys-C and MHR levels compared to those without hypertension, though the differences were not statistically significant (P > 0.05).



Conclusions: Cys-C and MHR are positively associated with OSA severity, with MHR emerging as a stronger independent biomarker. Incorporating these markers into OSA risk stratification may enhance clinical assessment and targeted interventions. Future large-scale prospective studies are needed to validate their prognostic value and clinical utility.



KEYWORDS
hypertension, obstructive sleep apnea, cystatin-C, monocyte to high-density lipoprotein cholesterol ratio, obesity, inflammation





1 Introduction

Obstructive sleep apnea syndrome (OSA) is a common sleep-related breathing disorder characterized by recurrent upper airway partial or complete obstruction during sleep, leading to intermittent hypoxia and disrupted sleep architecture (1). With an estimated prevalence of 4% in China, OSA significantly impacts public health and socio-economic systems (2). The apnea-hypopnea index (AHI), derived from overnight polysomnography (PSG), is the gold standard for assessing OSA severity (3). However, PSG is resource-intensive and fails to capture the inflammatory and metabolic disturbances underlying OSA pathophysiology. The identification of accessible blood-based biomarkers may complement PSG, providing a more practical and efficient diagnostic approach.

The hallmark symptoms of OSA include snoring and apnea episodes, which, in severe cases, may lead to hypoxemia, carbon dioxide retention, respiratory failure, and pulmonary encephalopathy. In extreme scenarios, nocturnal hypoxia can result in sudden death (4). Chronic inflammation plays a central role in OSA pathophysiology, with intermittent hypoxia triggering systemic inflammation, oxidative stress, and endothelial dysfunction, thereby increasing cardiovascular risks (4, 5). Traditional inflammatory markers, such as C-reactive protein (CRP) and erythrocyte sedimentation rate, are well-established indicators but lack specificity in reflecting the complex inflammatory mechanisms of OSA. In contrast, cystatin-C (Cys-C) and the monocyte-to-high-density lipoprotein cholesterol ratio (MHR) may provide more targeted insights into OSA-associated inflammation (6, 7).

Cys-C, a cysteine protease inhibitor, is widely used as a sensitive biomarker of glomerular filtration rate and early renal impairment (8–10). Recent studies have highlighted its role in systemic inflammation and cardiovascular disease (11). Elevated serum Cys-C levels have been correlated with OSA severity and are independently associated with an increased risk of cardiovascular events and mortality (12). Moreover, Cys-C modulates protease hydrolysis, elevates blood homocysteine levels, and influences neutrophil migration and endothelial stability, thereby contributing to vascular inflammation and dysfunction in OSA (13).

MHR serves as an indicator of chronic vascular inflammation and is extensively studied in cardiovascular diseases (7). Monocytes and macrophages regulate inflammatory cytokine production and vascular remodeling, whereas high-density lipoprotein cholesterol exerts anti-inflammatory effects by suppressing monocyte activation and promoting cholesterol efflux (14). Elevated MHR levels have been associated with OSA severity, particularly in patients with hypertension (15), reflecting heightened systemic inflammation and oxidative stress (16). Both Cys-C and MHR are inflammatory biomarkers that contribute to cardiovascular disease and hypertension, conditions frequently exacerbated by OSA-related intermittent hypoxia and reoxygenation cycles (17, 18). These processes induce oxidative stress, endothelial dysfunction, and inflammatory responses, further worsening cardiovascular outcomes (19).

Although Cys-C and MHR have been investigated in relation to cardiovascular disease, their roles in OSA patients, particularly those with comorbid hypertension, remain incompletely understood. Given the cross-sectional design of this study, we emphasize that Cys-C and MHR serve as diagnostic markers of OSA severity rather than predictors of disease progression. Inflammatory biomarkers are crucial in OSA assessment, primarily for evaluating disease severity rather than establishing causal relationships.

The primary objective of this study is to examine the association between Cys-C, MHR, and OSA severity and to determine their potential as diagnostic biomarkers. This study seeks to establish whether these markers reflect the degree of systemic inflammation in OSA patients and their utility in identifying individuals at higher risk for comorbid conditions. By investigating the combined role of Cys-C and MHR in OSA, this study contributes to the understanding of inflammation-driven pathophysiological mechanisms and their clinical relevance. The findings may provide valuable insights into the potential applications of these biomarkers in risk stratification and disease management, thereby improving diagnostic approaches for OSA.



2 Material and methods


2.1 Participants

This study adheres to the principles of the Helsinki Declaration and has received approval from the Ethics Committee of the Second Affiliated Hospital of Fujian Medical University (IRB No. 2017-78 and 2020-160). A total of 117 male participants were enrolled in the study between February 2019 and December 2022. Written informed consent was obtained from all participants.

All participants underwent overnight PSG (SOMNOscreen™ plus PSG+, SOMNOmedics GmbH, Randersacker, Germany), which was conducted by trained technologists at the Sleep Medicine Center from 10 p.m.–8 a.m. The participants were newly diagnosed with OSA and had no prior history of medication treatment.

Exclusion criteria included participants with a history of OSA treatment, prior uvulopalatopharyngoplasty or continuous positive airway pressure therapy, antihypertensive medication use, active smoking, alcohol dependence, recent caffeine consumption or vigorous exercise, and those diagnosed with periodic limb movement disorder or severe insomnia. All participants underwent a comprehensive clinical evaluation to ensure eligibility.

Hypertension was defined as clinic blood pressure (BP) ≥140/90 mmHg, home BP ≥135/85 mmHg, or a 24 h ambulatory BP average of ≥130/80 mmHg. On the day of PSG monitoring, baseline characteristics were recorded, including age, average heart rate, blood pressure elevation index, average systolic blood pressure, and average diastolic blood pressure. Height and weight were measured to calculate body mass index (BMI). To ensure accuracy, all heart rate and blood pressure measurements were standardized and conducted in a quiet environment under controlled conditions.



2.2 PSG

All participants followed standardized preprocessing procedures before undergoing polysomnography (PSG) performed with a computerized polysomnographic system, to ensure the accuracy and consistency of the data. This included instructions for participants to avoid alcohol, caffeine intake, and strenuous exercise on the night before the monitoring, as these factors could affect sleep. All connections strictly followed the international 10–20 system, and scoring and analysis were conducted according to the AASM 2.6 version standards. PSG scoring was performed by professionally trained technicians to ensure data consistency and accuracy. On the evening of the examination, participants reported to the hospital and were fitted with various monitoring devices, including those for electroencephalography, electrocardiography, monitoring of eye movements and jaw muscles, thoracoabdominal respiratory movements, airflow through the nose and mouth, pulse oximetry, and snoring. A full-night PSG examination was conducted. The diagnostic results were analyzed and interpreted by the hospital's sleep technicians to calculate the apnea-hypopnea index. According to the diagnostic criteria established by the American Academy of Sleep Medicine in 2007, 3 all enrolled participants were categorized based on their AHI as follows: the G1 group (AHI < 5 events/hour, n = 9), as a control group; the G2 group (5 ≤ AHI < 30 events/hour, n = 32); and the G3 group (AHI ≥ 30 events/hour, n = 76). Considering that hypertension is a common complication of OSA and that OSA is an independent risk factor for hypertension, 15 the severe OSA group was further divided into two subgroups based on the presence or absence of a history of hypertension. These subgroups include severe OSA with hypertension (n = 44) and without hypertension (n = 32).



2.3 Blood biochemistry analysis

The morning following PSG monitoring, fasting venous blood samples were collected from all participants to conduct a comprehensive biochemical analysis. This analysis included measurements of cystatin-C (Cys-C) and additional inflammatory and metabolic biomarkers relevant to the study. Biochemical assessments were performed using the Mindray BS-280 fully automated biochemical analyzer (Mindray, Shenzhen, China), which ensured precision in measuring various parameters. The analyzer was calibrated prior to each testing session to maintain data accuracy and consistency. Specific assays were conducted for each biomarker, including enzymatic methods for lipid profiles and immunoturbidimetric methods for Cys-C, following manufacturer guidelines. Quality control samples were run alongside each batch to validate the reliability of results.



2.4 Blood cells analysis

Fasting venous blood samples were also collected to measure blood cell indices, including monocytes (MO) and high-density lipoprotein cholesterol (HDL-c). Blood cell evaluations were performed using the Mindray BC-7500 fully automated hematology analyzer (NMT, Shenzhen, China). The monocyte to high-density lipoprotein cholesterol ratio (MHR) was calculated based on the ratio of MO to HDL-c.



2.5 Statistical analysis

Statistical analyses were conducted using IBM SPSS Statistics software (version 29.0.1.0) and R software (version 4.1.1). Normally distributed data are presented as mean ± standard deviation (X ± SD), with intergroup comparisons performed using one-way analysis of variance (ANOVA) and independent samples t-test. Non-normally distributed data are reported as median and interquartile range P50, (P25, P75), analyzed using the Kruskal–Wallis (KW) test and Mann–Whitney U test. The analyses also included Spearman correlation analysis, simple linear regression and ordinal logistic regression. P values less than 0.05 were considered statistically significant. To robustly assess the associations between Cys-C, MHR, and severity OSA, the analyses adjusted for potential confounders such as age and BMI using a multivariate ordinal logistic regression framework. Considering the impact of renal function on Cys-C levels and the significant correlation of glomerular filtration rate with age, age was included as a critical covariate to control for its potential influence on the outcomes. The receiver operating characteristic (ROC) curve was utilized to calculate and compare the area under the curve (AUC), evaluating the diagnostic performance of Cys-C and MHR in assessing OSA severity. Additionally, restricted cubic spline (RCS) analysis was conducted to explore potential nonlinear relationships between Cys-C, MHR, and OSA severity.




3 Results


3.1 Characteristics of patients

As presented in Table 1, significant differences were observed among the groups in age, BMI, average heart rate, mean systolic blood pressure, and mean diastolic blood pressure (P < 0.05). The G1 group had a lower age compared to the G2 and G3 groups, while the G3 group exhibited a higher BMI and average heart rate than the G2 group. Additionally, pairwise comparisons of mean systolic and diastolic blood pressure among the three groups showed significant differences (P < 0.05), with both parameters increasing progressively with OSA severity.


TABLE 1 Characteristics, polysomnography (PSG), blood biochemistry, and blood cell of all subjects.
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3.2 PSG

Comparisons of PSG-related indicators among the three groups revealed that the N1 stage percentage, AHI, oxygen desaturation index, SIT90, and SIT80 were significantly higher in the G3 group than in the G1 and G2 groups (P < 0.05). In contrast, the N3 stage percentage and minimum SpO₂ were lower in the G3 group compared to the G1 and G2 groups, with these differences also reaching statistical significance (P < 0.05). However, no significant differences were observed in other PSG-related indicators among the three groups (P > 0.05; Table 1).



3.3 Blood biochemistry and blood cells

In the comparison of blood indicators among the G1, G2, and G3 groups, patients in the G3 group exhibited significantly higher levels of Cys-C and GGT compared to those in the G1 and G2 groups. Additionally, TG, UA, and Apo-B/Apo-A levels were elevated in both the G2 and G3 groups relative to the G1 group, with statistically significant differences (P < 0.05; Table 1).

Patients in the G3 group also showed significantly higher levels of MHR, RBC, HGB, HCT, and RET compared to those in the G1 group. Moreover, MHR and RBC levels were higher in the G3 group than in the G2 group, with these differences reaching statistical significance (P < 0.05; Table 1).



3.4 Correlation results

Spearman correlation analysis and simple linear regression demonstrated a positive correlation between Cys-C and AHI (r = 0.316, P < 0.001), with the regression equation Y = 0.001708X + 0.8231 (F = 10.55, R² = 0.084, P < 0.05; Figure 1A). Similarly, MHR exhibited a positive correlation with AHI (r = 0.347, P < 0.001), with the regression equation Y = 0.001967X + 0.2651 (F = 16.97, R² = 0.1286, P < 0.05; Figure 1B). Through 1,000 bootstrap resampling iterations, the 95% confidence interval (CI) for the correlation coefficient between AHI and Cys-C was 0.137–0.475 (P < 0.001), confirming their association. Similarly, the 95% CI for the correlation coefficient between AHI and MHR was 0.171–0.501 (P < 0.001), further validating the correlation (Figure 1).


[image: Figure 1]
FIGURE 1
The correlation analysis between the apnea-hypopnea index (AHI) and cystatin-C (Cys-C) (A), as well as the monocyte-to-high-density lipoprotein cholesterol ratio (MHR) (B).


Spearman correlation analysis also assessed the relationship between Cys-C and multiple variables. Cys-C was positively correlated with AHI (r = 0.316, P < 0.001), N1 stage percentage (r = 0.202, P = 0.029), oxygen desaturation index (r = 0.291, P = 0.001), SIT90 (r = 0.286, P = 0.002), and SIT80 (r = 0.216, P = 0.019). A negative correlation was observed between Cys-C and minimum SpO₂ (r = −0.227, P = 0.014; Table 2). Similarly, MHR was positively correlated with AHI (r = 0.347, P < 0.001), oxygen desaturation index (r = 0.303, P < 0.001), SIT90 (r = 0.245, P = 0.008), and SIT80 (r = 0.262, P = 0.004). A negative correlation was observed between MHR and minimum SpO₂ (r = 0.285, P = 0.002; Table 2).


TABLE 2 The spearman correlation of cystatin-C (Cys-C) and monocyte-to-high-density lipoprotein cholesterol ratio (MHR) with polysomnography (PSG) parameters.
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3.5 Logistic regression results

The results of logistic regression analysis indicate that Cys-C is a risk factor for OSA severity. An increase in Cys-C levels is associated with a significant upward trend in OSA severity (β = 2.546, OR = 12.76, 95% CI: 0.391–4.701, P = 0.021). This suggests that for every 1-unit increase in Cys-C, the likelihood of OSA severity increasing by one grade is 12.76 times higher. After 1,000 bootstrap resampling verifications, the 95% CI for the regression coefficient of AHI and Cys-C was 0.479–6.006 (P < 0.001), further confirming their association.

Similarly, MHR was identified as an independent risk factor for OSA severity, with OSA severity progressively increasing with higher MHR levels (β = 4.226, OR = 68.44, 95% CI: 1.423–7.029, P = 0.003). Specifically, for every 1-unit increase in MHR, the likelihood of OSA severity increasing by one grade is 68.44 times higher. After 1,000 bootstrap resampling, the 95% CI for the regression coefficient of AHI and MHR was 2.006–7.000 (P < 0.001), reinforcing the association between AHI and MHR.

In multivariate ordinal logistic regression analysis, adjustments were made for potential confounders, including age and BMI. While the initial analysis demonstrated significant associations between Cys-C, MHR, and OSA severity, adjustments for age and BMI attenuated the effect of Cys-C, rendering it statistically non-significant (β = 1.944, OR = 6.99, 95% CI: −0.300–4.187, P = 0.089). Conversely, MHR remained a robust and statistically significant independent factor (β = 3.853, OR = 47.14, 95% CI: 1.014–6.692, P = 0.008). These findings suggest that after adjusting for age and BMI, MHR maintains a stronger and more independent association with OSA severity (Table 3).


TABLE 3 Logistic regression analysis of cystatin-C (Cys-C) and monocyte-to-high-density lipoprotein cholesterol ratio (MHR).

[image: Table 3]



3.6 Analysis of RCS

RCS analysis indicated no significant nonlinear relationship between Cys-C, MHR, and AHI severity within the assessed ranges. Figure 2A shows the association between Cys-C and AHI severity, with no significant nonlinear effects (P-overall = 0.285, P-nonlinear = 0.536), suggesting a stable relationship across the observed range. Similarly, Figure 2B illustrates the association between MHR and AHI severity, where no significant nonlinear effects were observed (P-overall = 0.299, P-nonlinear = 0.473), indicating a consistent trend across the examined range.


[image: Figure 2]
FIGURE 2
Non-linear relationships between cystatin-C (Cys-C) (A) and monocyte-to-high-density lipoprotein cholesterol ratio (MHR) (B) with AHI severity assessed by restricted cubic spline. The red lines represent the estimated effects, while the shaded areas denote the 95% confidence interval. Vertical lines indicate the threshold values for Cys-C (0.729) and MHR (0.577). The analysis revealed no significant non-linear relationships between these biomarkers and AHI severity.




3.7 Comparison of severe OSA patients with and without hypertension

In the comparison between severe OSA patients with and without hypertension, those with hypertension exhibited significantly higher mean systolic and diastolic blood pressures than those without hypertension (P < 0.05). However, no significant differences were observed in other clinical indicators between the two groups (Table 4). Regarding PSG parameters, patients with severe OSA and hypertension had higher sleep efficiency, oxygen desaturation index, and SIT80 compared to those without hypertension (P < 0.05). Conversely, arousal time after sleep onset and minimum oxygen saturation were lower in the severe OSA with hypertension group than in the non-hypertensive group (P < 0.05). No significant differences were found in blood biochemical and blood cell parameters between severe OSA patients with and without hypertension. However, Cys-C (0.86 ± 0.12 vs. 0.99 ± 0.15, P > 0.05) and MHR (0.25 ± 0.13 vs. 0.42 ± 0.19, P > 0.05) exhibited an increasing trend in the hypertensive group (Figure 3).


TABLE 4 Characteristics, polysomnography (PSG), blood biochemistry, and blood cell of the severe obstructive sleep apnea (OSA) patients.
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FIGURE 3
No significant differences were observed in cystatin-C (Cys-C) levels (A) or monocyte-to-high-density lipoprotein cholesterol ratio (MHR) levels (B) between severe obstructive sleep apnea (OSA) patients with and without hypertension. ns, No statistical difference.




3.8 Receiver operating characteristic (ROC) curve

ROC curve analysis was performed to assess the diagnostic value of Cys-C and MHR in relation to OSA severity. The area under the curve (AUC) for Cys-C was 0.638, with a sensitivity of 64.5% and a specificity of 59.4%. For MHR, the AUC was 0.628, with a sensitivity of 62.8% and a specificity of 90.6%. When both biomarkers were combined, the AUC improved to 0.662, with an increased sensitivity of 72.4% but a lower specificity of 56.2% (Figure 4, Table 5).
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FIGURE 4
Receiver operating characteristic (ROC) curves for cystatin-C (Cys-C) and monocyte-to-high-density lipoprotein cholesterol ratio (MHR).



TABLE 5 Predictive value of cystatin-C (Cys-C) and monocyte-to-high-density lipoprotein cholesterol ratio (MHR) in determining patient with OSA.
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4 Discussion

This study demonstrated elevated levels of Cys-C and MHR in OSA patients, with the highest levels observed in severe cases. Both biomarkers showed a positive correlation with AHI, which was further validated through bootstrap resampling. While Cys-C and MHR exhibited potential as auxiliary diagnostic markers for OSA, only MHR remained a significant independent association after adjusting for age and BMI, reinforcing its reliability in assessing OSA severity. However, neither marker demonstrated sufficient sensitivity to severe OSA in hypertensive patients.

Inflammation plays a multifaceted role in OSA, with recurrent hypoxia during sleep triggering systemic immune activation, leading to increased inflammatory cytokines and immune cell activity (4, 7, 18). These inflammatory responses contribute to endothelial dysfunction and atherosclerosis, underlying the cardiovascular complications commonly observed in OSA patients. The biomarkers examined in this study, Cys-C and MHR, serve as indicators of this inflammatory burden, potentially reflecting disease severity.

Traditionally recognized as a sensitive kidney function biomarker, Cys-C is also involved in vascular function and inflammation (20, 21). Studies have reported that Cys-C levels correlate with OSA severity and oxygen desaturation, even in the absence of chronic kidney disease (22). Furthermore, Cys-C levels tend to decrease following CPAP treatment, suggesting its potential role in cardiovascular risk stratification (23). Additionally, Cys-C interacts with homocysteine, amplifying endothelial dysfunction and oxidative stress, particularly in hypertensive OSA patients (24–26), underscoring its relevance in OSA, hypertension, and cardiovascular health.

MHR reflects the balance between monocyte-driven inflammation and HDL-mediated anti-inflammatory effects, providing insights into systemic inflammation in OSA. Elevated MHR levels strongly correlate with OSA severity, positioning it as a promising marker for disease progression (22, 27). Beyond OSA, MHR is recognized as an inflammatory marker associated with major cardiovascular risks, cardiac events, and hypertensive end-organ damage (15, 28). These findings align with existing research, highlighting the central role of inflammation in OSA pathogenesis. As OSA severity progresses, Cys-C and MHR levels increase, suggesting their potential role in reflecting disease progression. Combining these markers may provide a more comprehensive diagnostic approach.

OSA is a well-established risk factor for hypertension (18). In this study, severe OSA patients with hypertension exhibited a non-significant increasing trend in Cys-C and MHR levels compared to those without hypertension. This discrepancy may be attributed to the small sample size, limiting statistical power, as well as unadjusted confounding factors such as individual inflammatory responses and vascular function variability. Intermittent hypoxia in OSA exacerbates oxidative stress and endothelial inflammation, particularly in hypertensive patients, potentially contributing to elevated Cys-C and MHR levels (15). Larger-scale studies are warranted to further establish their role as biomarkers for inflammation and oxidative stress in severe OSA with hypertension, thereby enhancing their clinical utility.

The role of Cys-C as an inflammatory and cardiovascular biomarker remains complex. Elevated Cys-C levels have been associated with inflammation in atherosclerosis and vulnerable plaque formation, while low levels have been linked to impaired infection resistance and chronic low-grade inflammation, potentially contributing to plaque progression (29, 30). Experimental studies suggest that Cys-C deficiency enhances cysteine protease activity, triggering vascular remodeling and inflammation (Ref. 31). Conversely, elevated Cys-C levels may represent a compensatory response to acute inflammation, which normalizes in chronic conditions (32, 33). The weaker correlation of Cys-C with OSA severity in this study, compared to MHR, may reflect these intricate regulatory dynamics. MHR, as a more robust inflammation marker, demonstrated stronger associations with OSA severity, particularly in patients with coexisting cardiovascular risks, reinforcing its clinical relevance (34).

Beyond its well-established impact on cardiovascular health, inflammation has also been increasingly recognized for its role in other physiological processes, including bone metabolism. Recent studies have identified the systemic inflammation response index as a composite inflammatory marker associated with both cardiovascular disease and bone health, suggesting a broader involvement of inflammation in disease pathogenesis (35). In OSA, chronic low-grade inflammation, driven by recurrent hypoxia and oxidative stress, may not only exacerbate hypertension, atherosclerosis, and heart failure but also impair bone metabolism, potentially increasing the risk of osteoporosis and fractures.

While, obesity is a major contributor to OSA severity, as it promotes airway narrowing, increases upper airway collapse risk, and exacerbates intermittent hypoxia, worsening disease progression (36). Recent studies have identified alternative obesity indices, such as waist-to-weight index (37) and body roundness index (38), which have also been associated with adverse OSA outcomes. Beyond mechanical airway obstruction, obesity is linked to chronic low-grade inflammation, potentially contributing to elevated Cys-C and MHR levels and increasing cardiovascular risk (39). These findings underscore the importance of considering obesity-related factors when assessing OSA severity and associated complications. To minimize BMI-related confounding effects, we adjusted for BMI in multivariate analyses, and MHR remained an independent marker of OSA severity, whereas Cys-C lost statistical significance, reinforcing MHR serves as a more robust biomarker of OSA-related inflammation, independent of obesity-related influences, reinforcing its potential clinical utility in assessing disease severity.

Other inflammatory markers, including neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, eosinophil-to-lymphocyte ratio, monocyte-to-lymphocyte ratio, and systemic immune-inflammation index, were also analyzed in this study. However, due to a lack of statistical significance, these results were not presented. Previous research suggests that these ratios are commonly used as inflammatory biomarkers to assess OSA diagnostic value and severity indicators (40). Further research is needed to clarify their roles in pathophysiology of OSA.

This study has several limitations. The small sample size necessitates validation in larger cohorts to ensure greater statistical power and reproducibility. Additionally, the cross-sectional design precludes causal inference, making it unclear whether changes in Cys-C and MHR contribute to OSA progression or simply reflect disease characteristics. The underlying regulatory mechanisms of Cys-C and MHR in OSA and their potential effects on blood pressure regulation were not explored. Despite adjustments for known variables, unmeasured confounders may still influence the results.

Future longitudinal studies are needed to assess temporal changes in Cys-C and MHR, clarify their causal relationships with OSA severity, and evaluate their predictive value for OSA progression and cardiovascular outcomes. Moreover, incorporating a broader range of clinical and laboratory variables would provide a more comprehensive understanding of OSA pathophysiology. Given the well-established role of obesity in OSA, future research should stratify participants based on obesity levels to better delineate how Cys-C and MHR influence OSA severity across different obesity phenotypes. While this study demonstrates the associations between Cys-C, MHR, and OSA severity, these biomarkers should not be solely relied upon for clinical decision-making. Further research should explore their mechanistic roles in OSA-related inflammation and cardiovascular dysfunction, as well as investigate potential therapeutic interventions targeting these pathways. Expanding sample sizes and conducting multicenter studies will enhance the generalizability and clinical relevance of these findings.

These results highlight the potential of Cys-C and MHR as biomarkers for assessing OSA severity and cardiovascular risk. Integrating these markers into clinical practice may improve early identification of high-risk patients and facilitate targeted interventions to reduce cardiovascular complications and improve patient outcomes.



5 Conclusion

This single-center cross-sectional study highlights the significant association between Cys-C, MHR, and OSA severity, with both biomarkers increasing progressively with disease severity and exhibiting positive correlations with AHI. While Cys-C showed potential as an OSA severity correlate, MHR emerged as a more robust independent marker, maintaining significance after adjusting for confounders such as age and BMI. The combined assessment of Cys-C and MHR further improved diagnostic accuracy, suggesting their complementary roles in capturing the inflammatory and cardiovascular implications of OSA. However, their ability to distinguish between severe OSA patients with and without hypertension remains limited, warranting further investigation. Future large-scale, longitudinal, and multicenter studies are essential to validate these findings, refine their clinical applicability, and establish their prognostic value in OSA management and cardiovascular risk assessment, ultimately contributing to improved patient outcomes.
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