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Abstract

Objectives: It is well established that systemic inflammatory responses induced by intermittent hypoxia are
associated with disease severity in obstructive sleep apnea syndrome (OSAS). This study aimed to investigate
the association between the C-reactive protein-to-albumin ratio (CAR), hematological inflammatory markers,
and disease severity in OSAS, and to assess their diagnostic performance for predicting moderate-to-severe
OSAS.

Materials and Methods: We included 230 individuals aged 18-65 years who underwent full-night
polysomnography in our sleep laboratory between June 2025 and December 2025. Participants were classified
as normal, mild, moderate, or severe OSAS according to the apnea-hypopnea index (AHI). Serum C-reactive
protein (CRP) and albumin levels were measured in all participants, and CAR, neutrophil-to-lymphocyte ratio
(NLR), and systemic immune-inflammation index (SII) were calculated. Independent predictors of moderate-
to-severe OSAS were assessed using multivariable logistic regression analyses. The discriminative
performance of inflammatory markers was evaluated using receiver operating characteristic (ROC) curve
analysis.

Results: As OSAS severity increased, CRP, CAR, NLR, and SII levels showed a significant upward trend, whereas
serum albumin levels decreased (all p <0.001). In multivariable analyses, CAR, NLR, and SII were independently
associated with the presence of moderate-to-severe OSAS. ROC analysis demonstrated that CAR had the highest
diagnostic accuracy for distinguishing moderate-to-severe OSAS.

Conclusion: Increasing OSAS severity is associated with a marked elevation in systemic inflammatory burden.
CAR may serve as a supportive inflammatory marker for identifying patients with moderate-to-severe OSAS.
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Introduction

Obstructive sleep apnea syndrome (OSAS) is characterized by recurrent collapse or
instability of the upper airway during sleep, leading to intermittent hypoxemia and repeated
arousals that disrupt normal sleep architecture and systemic physiological regulation.!
Epidemiological studies report that the prevalence of OSAS among adults aged 30-60 years
is approximately 24% in men and 9% in women. In addition, the landmark study by
Benjafield et al. demonstrated that nearly one billion individuals worldwide are affected by
0OSAS.2 Obesity, typically assessed by body mass index (BMI), represents the most important
risk factor for OSAS. In addition, advancing age, male sex, alcohol consumption, cigarette
smoking, and upper airway anatomical features also contribute to the development of the

disease.3

Intermittent hypoxia, increased sympathetic activity, and sleep fragmentation—hallmark
features of OSAS pathophysiology—trigger systemic inflammatory responses that
contribute to the development of cardiovascular, metabolic, and neurodegenerative
complications. Experimental and clinical evidence suggests that inflammation is not merely
a consequence of OSAS but may also exacerbate upper airway collapsibility, thereby
perpetuating disease severity and facilitating excessive daytime sleepiness.# In this context,
elevated levels of inflammatory mediators such as C-reactive protein (CRP), tumor necrosis
factor-a, interleukin-6, and interleukin-8 have been consistently reported in patients with

OSAS.5

CRP is a liver-derived positive acute-phase reactant that rapidly increases in response to
inflammation or infection. In contrast, albumin is a negative acute-phase reactant with
antioxidant and anti-inflammatory properties. The C-reactive protein-to-albumin ratio
(CAR) has therefore emerged as a composite index that may more comprehensively reflect
the severity of systemic inflammation and has been suggested to be associated with adverse
clinical outcomes. Previous studies have demonstrated that CAR is linked to prognosis in

various clinical conditions, including stroke, malignancy, and sepsis.®7
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On the other hand, neutrophil activation accompanied by suppression of lymphocyte
responses represents a key component of systemic inflammatory processes. The neutrophil-
to-lymphocyte ratio (NLR), which integrates these two opposing cellular responses, has been
widely used as a prognostic marker in numerous clinical settings, particularly in
malignancies, chronic inflammatory diseases, and cardiovascular disorders.8-10 However,
data regarding the clinical and prognostic value of NLR in patients with OSAS remain limited.
More recently, the systemic immune-inflammation index (SII), calculated as platelet x
neutrophil/lymphocyte, has been proposed as a potentially more sensitive indicator among
peripheral blood inflammatory markers.10 Nevertheless, the clinical significance of SII and

its relationship with disease severity in OSAS have not yet been fully elucidated.

Given that a substantial proportion of patients with undiagnosed OSAS initially present to
primary care settings, simple and accessible inflammatory markers may support early
identification, facilitate risk stratification, and guide appropriate referral for
polysomnography. In this context, this study explores whether CAR and other hematological
inflammatory indices, including NLR and SII, are associated with increasing clinical severity

in patients with OSAS.

Materials and Methods

This retrospective study included newly diagnosed OSAS patients aged 18-65 years who had
not received any previous OSAS-specific treatment, including CPAP therapy, and were
evaluated in our sleep laboratory between June 2025 and December 2025. Patients
diagnosed with mild, moderate, or severe OSAS based on full-night polysomnography (PSG),
as well as individuals with normal PSG findings who met the inclusion criteria, were included
in the analysis. OSAS severity was classified according to the apnea-hypopnea index (AHI).
Participants with an AHI <5 were classified as normal, those with 5 < AHI <15 as mild OSAS,
those with 15 < AHI <30 as moderate OSAS, and those with an AHI > 30 as severe OSAS .11
Ethical approval was obtained from the Kayseri City Hospital Ethics Committee (Approval
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No. 628, November 4, 2025). Given that data were analyzed retrospectively, individual

informed consent was not obtained.

Demographic data, including age, sex, and body mass index (BMI), were recorded for all
participants. Blood samples were obtained on the same day as polysomnography evaluation,
and serum albumin and CRP levels were measured to calculate CAR, NLR, and SII values.
Individuals with a history of malignancy, inflammatory or rheumatologic diseases, chronic
infections, acute infection, chronic obstructive pulmonary disease, chronic liver disease, or

recent antibiotic or anti-inflammatory drug use were excluded from the study.

Statistical Analysis

All statistical procedures were conducted using SPSS software (version 22.0). Sample size
estimation was performed using G*Power software (version 3.1). Based on a one-way
ANOVA model (fixed effects, omnibus test), an alpha level of 0.05, a statistical power of 80%,
and a medium effect size (Cohen’s f = 0.25), the minimum required sample size was
estimated to be approximately 180 participants. This approach was selected during the
study planning stage to estimate the sample size required for comparisons across the four
OSAS severity groups. Because some variables were not normally distributed, non-
parametric methods were subsequently used for group comparisons. The final study
population consisted of 230 participants, exceeding the minimum required sample size and

ensuring adequate statistical power for the planned analyses.

Prior to comparative analyses, the distribution pattern of continuous variables was
evaluated using the Kolmogorov-Smirnov test to determine the appropriate analytical
approach. Variables were summarized in accordance with their distributional

characteristics, whereas categorical data were presented as frequencies and percentages.

Group differences across OSAS severity levels were examined using non-parametric
methods when distributional assumptions were not met and chi-square testing for

categorical variables. Statistical significance was defined as p < 0.05.
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To identify independent determinants of clinically relevant disease (AHI 215 events/hour),
multivariable logistic regression models were constructed. Adjustment was made for age,
sex, and BMI in all models. Given the potential overlap between inflammatory indices, CAR,
NLR, and SII were evaluated separately. Associations are expressed as odds ratios with 95%

confidence intervals. Model fit was assessed using calibration testing.

Discriminative performance was explored using ROC curve methodology, with overall
accuracy quantified by the area under the curve. Cut-off values were selected based on

optimal combined sensitivity and specificity.

Results

A total of 230 participants were included in the study and classified according to OSAS
severity as normal (n = 49), mild (n = 27), moderate (n = 39), or severe OSAS (n=115). There
was no statistically significant difference in age among the groups (45.8 + 12.4,48.0 + 11.1,
46.6 £ 10.6,and 49.7 + 10.0 years, respectively; p = 0.246). Male sex predominated across all
groups, and the proportion of male participants increased significantly with increasing OSAS
severity (normal: 61.2%, mild OSAS: 66.7%, moderate OSAS: 71.8%, severe OSAS: 77.4%; p
<0.001).

Significant differences were observed among the groups in terms of BMI, WBC, neutrophil
count, CRP, albumin, NLR, CAR, and SII (all p <0.001). BMI, CRP, CAR, NLR, and SII values
showed a progressive increase from the normal group to the severe OSAS group, whereas
albumin levels decreased significantly with increasing OSAS severity. In contrast, no
significant differences were observed in lymphocyte or platelet counts among the groups (p

= 0.583 and p = 0.539, respectively) (Table 1).
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Table 1. Distribution and comparison of inflammatory and hematological parameters

according to OSAS severity

Variable Normal Mild Moderate Severe H(x*) p-value
Age 458+ 12.4 48.0+11.1 46.6 £10.6 49.7 £10.0 3.44  0.246

BMI (kg/m?) 27.8(25.4-32.4) 28.1(27.0-30.1) 30.1(27.8-36.0) 34.4(30.1-38.1) 4193 <0.001
WBC (x103/uL) 7.6 (6.4-9.3) 8.1 (6.9-9.7) 9.4 (7.9-10.4) 9.6 (8.1-11.5)  20.63 <0.001
Neutrophil 4.4 (3.5-5.2) 4.5 (3.7-5.9) 5.5 (4.1-6.8) 5.9 (4.6-7.3) 28.37 <0.001
(x103/pL)

CRP (mg/L) 1.2 (0.7-1.8) 2.6 (1.5-4.6) 2.7 (1.9-7.7) 3.6 (2.3-6.8) 7430 <0.001
Albumin (g/L) 46 (44-47) 45 (44.5-46) 45 (43.5-45.5) 44 (43-45) 23.60 <0.001
NLR 1.4 (1.2-1.7) 1.5(1.3-1.9) 1.7 (1.3-2.1) 1.9 (1.6-2.4) 34.08 <0.001
CAR 0.02 (0.01-0.04) 0.05(0.03-0.11) 0.06 (0.04-0.18) 0.08 (0.05-0.16) 76.87 <0.001
SII 384 (289-493)  410(321-546)  435(338-561) 508(388-695) 21.33 <0.001
Lymphocyte 2.9 (2.4-3.3) 2.7 (2.5-3.5) 3.1(2.3-3.9) 2.8 (2.3-3.4) 1.95 0.583

(x10°/uL)

Platelet (x10%/uL) 257 (223-287) 280 (243-317) 262 (237-287) 267 (229-320) 217  0.539

Kruskal-Wallis test statistic; BMI, body mass index; CAR, C-reactive protein-to-albumin ratio; CRP, C-reactive
protein; NLR, neutrophil-to-lymphocyte ratio; OSAS, obstructive sleep apnea syndrome; SII, systemic immune-
inflammation index; WBC, white blood cell count. Data are presented according to their distribution
characteristics. Non-normally distributed variables are expressed as median (interquartile range), whereas
normally distributed variables are presented as mean #* standard deviation. Group comparisons were
performed using the Kruskal-Wallis test for continuous variables and the chi-square test for categorical

variables.
Multivariable logistic regression analyses were performed to identify independent
predictors of moderate-to-severe OSAS. To avoid multicollinearity, CAR, NLR, and SII were
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evaluated in separate regression models adjusted for age, sex, and BMI. In Model 1, CAR
emerged as a strong and independent predictor of moderate-to-severe OSAS (OR = 1.158,
95% CI: 1.068-1.257; p <0.001). In Model 2, increased NLR values were independently
associated with OSAS severity (OR =5.379,95% CI: 2.442-11.848; p <0.001). In Model 3, SII
was also independently associated with the presence of moderate-to-severe OSAS (OR =
1.004, 95% CI: 1.002-1.006; p <0.001). Across all models, older age, male sex, and higher
BMI remained significant predictors of moderate-to-severe OSAS (Table 2). Hosmer-
Lemeshow goodness-of-fit testing demonstrated acceptable calibration for all multivariable

logistic regression models (Model 1: p = 0.18, Model 2: p = 0.41, and Model 3: p = 0.42).

Table 2. Multivariable Logistic Regression Models for Predicting Moderate-to-Severe OSAS

Variable Model 1: CAR Model 2: NLR Model 3: SII

OR (95% CI) p OR (95% CI) p OR (95% CI) p
Age (years) 1.07 (1.04-1.11) <0.001 1.08 (1.04-1.11) <0.001 1.08 (1.04-1.12) <0.001
Male sex 5.44 (2.29-12.92) <0.001 4.90(2.08-11.51) <0.001  6.04 (2.56-14.25) <0.001
BMI (kg/m?) 1.17 (1.08-1.26) <0.001 1.22(1.13-1.31) <0.001 1.20 (1.12-1.29) <0.001

CAR (per 0.01 1.16(1.07-1.26) <0.001 — — — —

increase)

NLR — —  5.38(244-11.85) <0.001 — —

SII — — — — 1.004 (1.002-1.006) <0.001

BM]I, body mass index; CAR, C-reactive protein-to-albumin ratio; CI, confidence interval; NLR, neutrophil-to-
lymphocyte ratio; OR, odds ratio; OSAS, obstructive sleep apnea syndrome; SII, systemic immune-inflammation

index. Independent predictors of moderate-to-severe OSAS (AHI = 15 events/hour) were evaluated using
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multivariable logistic regression analysis. To minimize potential collinearity among inflammatory indices, CAR,

NLR, and SII were analyzed in separate adjusted models.

In ROC curve analyses, CAR demonstrated the highest diagnostic performance for
discriminating moderate-to-severe OSAS, with an AUC of 0.811. CRP showed good
discriminative ability (AUC = 0.807), whereas NLR demonstrated acceptable discriminative
performance (AUC = 0.718). In contrast, neutrophil count (AUC = 0.613), WBC count (AUC =
0.651), and SII (AUC = 0.668) exhibited more limited discriminative capacity. Because serum
albumin levels were inversely associated with OSAS severity, the reciprocal albumin value
(1/albumin) was used in ROC analysis, revealing a moderate discriminative ability for

albumin (AUC = 0.663) (Table 3, Figure 1).

Table 3. ROC Analyses of Inflammatory Markers for Predicting Moderate-to-Severe OSAS

Marker AUC (95% CI) p-value  Optimal Cut-off Sensitivity (%) Specificity (%)
CAR 0.811 (0.747-0.871) <0.001 >0.045 80.5 67.1
CRP (mg/L) 0.807 (0.752-0.862) <0.001 22.0 80.2 65.3
NLR 0.718 (0.649-0.781) <0.001 >1.45 82.7 51.5
Neutrophil (x 0.613 (0.546-0.680) <0.001 >34 75.6 42.5
10°/uL)

WBC 0.651 (0.611-0.751) <0.001 =78 77.4 40.3
(x103/pL)

SII 0.668 (0.595-0.736) <0.001 =340 81 54.2
Albumin 0.663 (0.584-0.744) <0.001 <425 79.2 64.6
(g/L)

AUC, area under the curve; CI, confidence interval; CAR, C-reactive protein-to-albumin ratio; CRP, C-reactive
protein; NLR, neutrophil-to-lymphocyte ratio; OSAS, obstructive sleep apnea syndrome; SII, systemic immune-

inflammation index; WBC, white blood cell count. The discriminatory capacity of each marker was evaluated
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using receiver operating characteristic (ROC) curve analysis. Diagnostic performance was quantified by the

AUC, and optimal cut-off values were determined using the Youden index.

Comparison of ROC Curves for Predicting Moderate-to-Severe OSAS
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Figure 1. Comparison of ROC curves for systemic inflammatory markers in predicting
moderate-to-severe OSAS.

Among the evaluated inflammatory markers, CAR yielded the highest AUC (0.811), indicating
superior discriminatory performance for identifying moderate-to-severe OSAS. NLR (AUC =
0.718) and SII (AUC = 0.668) demonstrated comparatively lower performance. The diagonal
reference line represents no discrimination (AUC = 0.5). All evaluated indices were

significantly associated with clinically significant OSAS (AHI = 15).

Discussion

This study comprehensively demonstrates the association between OSAS severity and
systemic inflammatory responses using both humoral (CAR) and cellular (NLR, SII)
biomarkers. Our findings indicate that systemic inflammatory burden increases
progressively with advancing OSAS severity and that CAR, NLR, and SII are independently
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associated with the presence of moderate-to-severe OSAS. Notably, the superior diagnostic
accuracy of CAR compared with the other markers (AUC: 0.811) supports the notion that this

ratio reflects the inflammatory processes underlying OSAS in a more integrative manner.

Intermittent hypoxia, a hallmark pathophysiological feature of OSAS, induces a process
resembling recurrent ischemia-reperfusion injury at the tissue level, leading to enhanced
generation of reactive oxygen species.1? This increased oxidative stress burden has been
shown to shift the balance between two major transcriptional pathways in neutrophils—
hypoxia-inducible factor-1a (HIF-1a) and nuclear factor kappa B (NF-kB)—toward a pro-
inflammatory response. Unlike chronic sustained hypoxia, OSAS-specific intermittent
hypoxia appears to induce relatively insufficient HIF-1a-mediated adaptive responses while
selectively activating the NF-kB pathway. Enhanced NF-kB activation, in turn, promotes the
expression of pro-inflammatory cytokines such as TNF-q, IL-6, and IL-8, thereby amplifying
the systemic inflammatory response.13 At the cellular level, intermittent hypoxia has been
associated with delayed neutrophil apoptosis through preservation of antiapoptotic
mechanisms (Bax/Mcl-1 balance), resulting in prolonged neutrophil survival, whereas
lymphocyte responses—particularly at the level of CD4+ T cells—appear to be suppressed,
leading to immune dysfunction.14-1> The elevated NLR and SII values observed in our study
may therefore reflect this cellular imbalance and the hypoxia-driven inflammatory cascade
as manifested in peripheral blood parameters. Moreover, oxidative stress-induced
consumption of antioxidant proteins such as albumin provides a plausible biochemical

explanation for the observed increase in CAR.

Several large-scale studies have reported an association between elevated CRP levels and
severe OSAS.1¢ Lundetrze et al. demonstrated that severe OSAS was an independent predictor
of CRP levels exceeding 3 mg/L.17” However, CRP levels may also be influenced by comorbid
conditions such as diabetes and chronic obstructive pulmonary disease, as well as by obesity,
age, and sex, which limits its ability to reflect inflammatory burden and disease severity
when used in isolation.1® Consequently, interest has increasingly shifted toward composite

biomarkers that allow a more comprehensive assessment of the acute-phase response. In
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this context, the CAR, which integrates a positive acute-phase reactant that increases during
inflammation with a negative acute-phase protein that decreases under inflammatory and
oxidative stress conditions, has emerged as a more balanced and reliable index of systemic
inflammation.1® Recent studies have demonstrated associations between CAR and disease
severity or prognosis in cardiovascular, infectious, and inflammatory conditions.20
Specifically for OSAS, Hizli et al. reported that CAR may be useful in discriminating moderate
and severe disease.?l Consistent with these findings, our multivariable and ROC analyses
indicate that CAR outperforms other inflammatory markers in predicting the presence of

moderate-to-severe OSAS.

The NLR represents a composite marker that simultaneously reflects two opposing cellular
components of the inflammatory response. While neutrophils indicate ongoing nonspecific
inflammation and innate immune activation, lymphocytes reflect adaptive and regulatory
immune responses. Accordingly, NLR is considered a holistic inflammatory biomarker that
captures both cellular inflammation and immune balance.?2 Elevated NLR has been
associated with disease severity, prognosis, and mortality in a wide range of systemic
inflammatory conditions, including cardiovascular disease, chronic kidney disease,
inflammatory bowel disease, and familial Mediterranean fever.23 In OSAS, intermittent
hypoxia, sympathetic activation, and oxidative stress resulting from repetitive apneic-
hypopneic events may enhance neutrophil activation while suppressing lymphocyte
function, leading to increased NLR values. Indeed, previous studies and meta-analyses have
reported a stepwise increase in NLR with increasing OSAS severity, and the greatest

elevations have been reported in patients with severe OSAS. 24-25

Consistent with the existing literature, our results demonstrate increasing neutrophil counts
and decreasing lymphocyte counts with advancing OSAS severity, resulting in significantly
elevated NLR values, particularly in patients with moderate-to-severe OSAS. Importantly,
NLR remained independently associated with moderate-to-severe OSAS even after
adjustment for age, sex, and BMI, supporting its potential role as a marker of OSAS-

associated cellular inflammation.
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The SII is a biomarker that integrates neutrophils, platelets, and lymphocytes into a single
formula, thereby providing a comprehensive assessment of inflammatory and immune
status.26 Neutrophils reflect inflammatory and oxidative stress responses, platelets play
active roles in inflammation, endothelial dysfunction, and thrombosis, and lymphocytes
represent adaptive and regulatory immune responses. The combined evaluation of these
three cellular components renders SII a more inclusive index than individual parameters
alone.2” In OSAS, intermittent hypoxia-induced oxidative stress, sympathetic activation, and
endothelial dysfunction may promote neutrophil activation and platelet reactivity while
suppressing lymphocyte function, suggesting a biological basis for the relevance of SII in this

condition.28

Although previous studies have examined the relationship between OSAS and SII, findings
regarding the association between SII and disease severity have been inconsistent. While
Topuz et al. reported a significant association between OSAS severity and SII, Golen et al.
failed to demonstrate such a relationship.2°-30 In the present study, SII was significantly
associated with OSAS severity after adjustment for potential confounders such as age, sex,
and BMI. Furthermore, the independent association of SII with moderate-to-severe OSAS in
multivariable logistic regression analyses helps reconcile previous discrepancies and
suggests that SII may serve as a clinically meaningful marker of systemic inflammatory
burden in OSAS. Nevertheless, the limited discriminative performance of SII in ROC analyses
indicates that this index may be more appropriate as an indicator of inflammatory load

rather than as a stand-alone diagnostic tool.

Obesity represents one of the strongest risk factors for OSAS and is itself associated with
chronic low-grade systemic inflammation. In the present study, BMI increased progressively
with OSAS severity, raising the possibility that obesity may have contributed to the observed
elevations in inflammatory biomarkers. To address this issue, all multivariable regression
models were adjusted for BMI, which remained a significant predictor of moderate-to-severe

OSAS in all models. Nevertheless, residual confounding related to obesity cannot be
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completely excluded, and the observed associations should be interpreted within this

context.

Several limitations should be acknowledged. The retrospective and single-center design may
limit the generalizability of our findings. In addition, comorbid conditions commonly
associated with OSAS, including hypertension, diabetes mellitus, cardiovascular disease, and
dyslipidemia, were not systematically evaluated in the analyses. As these conditions may
independently influence systemic inflammatory biomarkers, their potential confounding
effects cannot be completely excluded. Furthermore, although OSAS severity was classified
according to the apnea-hypopnea index (AHI), which remains the standard parameter for
disease grading, other polysomnographic variables reflecting nocturnal hypoxemia and
sleep fragmentation, such as the oxygen desaturation index, minimum oxygen saturation,
T90, and arousal index, were not evaluated. Future studies incorporating these parameters
may provide a more comprehensive assessment of the relationship between sleep-
disordered breathing and systemic inflammation. Additionally, the optimal cut-off values
identified for CAR, NLR, and SII were derived from a single retrospective cohort and were
not externally validated. Therefore, these thresholds should be interpreted with caution and
require confirmation in independent prospective cohorts before routine clinical
implementation. Nevertheless, the relatively large sample size and the use of multivariable

models with appropriate adjustments enhance the robustness and reliability of the results.

In summary, this study provides a comprehensive evaluation of the relationship between
OSAS severity and systemic inflammation using both humoral and cellular biomarkers. Our
data demonstrate that increasing OSAS severity is characterized by progressive elevations
in both cellular (NLR, SII) and humoral (CAR) inflammatory burden. The identification of
these markers as independent predictors of moderate-to-severe OSAS, together with the

superior diagnostic performance of CAR, highlights their potential clinical utility.

Collectively, these findings support the concept that OSAS is not merely a mechanical
disorder of upper airway obstruction but a multisystem disease accompanied by systemic
inflammation, oxidative stress, and immune dysregulation. Given that a substantial
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proportion of undiagnosed OSAS patients initially present to primary care settings, easily
obtainable and low-cost inflammatory biomarkers such as CAR, NLR, and SII may provide
supportive information regarding inflammatory burden and disease severity. These markers
may be considered adjunctive biomarkers alongside established clinical and
polysomnographic assessments. Future prospective studies are warranted to clarify their

prognostic value and to determine their potential role in clinical practice.

Ethical Considerations: This study was reviewed and approved by the Kayseri City Hospital
Ethics Committee (Approval No. 628, November 4, 2025). Given that data were analyzed

retrospectively, individual informed consent was not obtained.
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