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Background: Heightened inflammatory state is considered a key factor linking obstructive sleep apnea (OSA) with cardiovascular
disease (CVD).

Objective: This study aimed to assess the level of novel hematologic inflammatory biomarkers including neutrophil-to-lymphocyte
ratio (NLR), monocyte-to-lymphocyte ratio (MLR), ratio of neutrophil count to HDL level (NHR), ratio of monocyte count to HDL
level (MHR), monocyte count multiplied by neutrophil-to-lymphocyte ratio (SIRI) in OSA patients, and explored the relationships
between these inflammatory biomarkers and cardiovascular risk.

Methods: This study enrolled 974 patients with OSA and all data were collected after admission. Spearman correlation was used to
explore the correlations between sleep parameters and inflammatory indices. Logistic regression and receiver operating characteristic
(ROC) analysis were employed to assess the association between the novel hematologic inflammatory indices and CVD in OSA
patients.

Results: Correlation analysis showed that most inflammatory indices were closely related to nocturnal hypoxia in OSA patients.
Multivariate logistic regression suggested that NLR (OR=1.085, 95% CI: 1.017-1.158), MLR (OR=3.708, 95% CI: 1.322-10.404),
NHR (OR=1.074, 95% CI: 1.020-1.131), MHR (OR=2.116, 95% CI: 1.205-3.715), and SIRI (OR=1.148, 95% CI: 1.035-1.272) were
positively correlated with CVD in OSA patients after adjusting all confounding factors. Moreover, the area under the curve (AUC) of
NLR, MLR, NHR, MHR, and SIRI for discriminating OSA patients with CVD was 0.734, 0.735, 0.736, 0.734, and 0.735, respectively,
after adjusting for all confounders.

Conclusion: Inflammatory indices including NLR, MLR, NHR, MHR, and SIRI were promising biomarkers for CVD in OSA
patients, which might aid in the early identification of CVD risk in clinical. These easily obtainable markers may facilitate CVD risk
stratification in OSA patients.
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Introduction

Obstructive sleep apnea (OSA) is a common sleep breathing disorder characterized by repeated airway collapse or
obstruction during sleep, resulting in hypopnea and apnea, and further leading to several physiologic disturbances such as
intermittent hypoxia (IH), sleep fragmentation (SF).! The global prevalence of OSA is rising year by year, a recent study
estimated that one in seven of the world’s adult population had OSA.? A large amount of evidence has shown that OSA is
an independent risk factor for metabolic, cardiovascular, and neuropsychiatric diseases and other complications.’
Besides, excessive daytime sleepiness of OSA patients was significantly associated with road traffic accidents.* OSA
not only brings health and life burden but also increases the economic burden, which is associated with a high prevalence
of costly comorbidities and accidents.>®
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OSA is associated with an increased incidence of various cardiovascular diseases (CVD) including systemic arterial
hypertension, coronary artery disease, congestive cardiac failure, and stroke.” The prevalence of OSA in patients with
coronary heart disease, stroke, heart failure, and arrhythmia has been reported to be higher than 50%.% A meta-analysis
showed that OSA was associated with a 94% relative increase in the risk of cardiovascular death.” For moderate to severe
OSA, Continuous positive airway pressure (CPAP) is the standard treatment.'® OSA patients who adhere to CPAP may

have improvement in adverse cardiovascular conditions, but low CPAP adherence will not have the same effect, !

early
identification of high-risk individuals may facilitate clinical management.

As we all know, OSA is considered to be a low-grade chronic inflammatory disease, the inflammation induced by IH
and SF is involved in the formation of various adverse outcomes in OSA patients.'>'* Inflammation is one of the
signaling mechanisms connected OSA to CVD.' TH can promote the secretion of pro-inflammatory factors, and recruit
and activate inflammatory cells, leading to impaired vascular endothelial function.'> Many novel immunoinflammatory
markers derived from complete blood count emerged to have predicted effects for CVD. The ratio of different kinds of
white blood cell counts has been reported to reflect the balance of inflammatory and immune responses.'®'* Moreover,
recent studies have shown that ratios combining leukocyte counts with high-density lipoprotein cholesterol (HDL)
capture both pro-inflammatory and anti-inflammatory or anti-atherogenic processes. By integrating markers of inflam-
mation and lipid metabolism, these composite indices may provide a more comprehensive assessment of CVD risk.?’
Besides, the fact that these biomarkers are calculated from routine laboratory data makes them exceptionally practical
and accessible tools for risk stratification, offering a cost-effective strategy that can be implemented without the need for
costly, specialized assays.

Currently, no study has systematically evaluated the association of multiple hematological inflammatory biomarkers
(NLR, MLR, NHR, MHR, and SIRI) with CVD risk in OSA patients. CVD includes coronary heart disease, stroke, and
heart failure, all of which have been associated with systemic inflammation and OSA. We hypothesized that systemic
inflammatory indices, especially HDL-based inflammatory indices, would show a strong association with the risk of
cardiovascular disease since they capture both pro-inflammatory activity and impaired HDL-mediated vascular
protection.

Methods
Study Design and Subjects

In this study, we retrospectively enrolled 2185 subjects who were admitted to the sleep medicine center at the Second
Xiangya Hospital of Central South University from 2017 to 2023, and the study flow diagram is shown in Figure 1. All
participants underwent polysomnography (Alice LDE, Philips, USA) or wore the portable sleep monitor (NOX T3,
ResMed, USA) on the first night in the hospital. Exclusion criteria for subject enrollment included: (1) age of less than 18
years; (2) malignant disease; (3) active inflammatory disease; (4) severe life-threatening infection; (5) surgery within the
last week; (6) missing sleep data or clinical data. Finally, 1304 subjects were included in this study, and we divided them
into the non-OSA group and the OSA group according to the apnea-hypopnea index (AHI). Respiratory events were
scored in accordance with the American Academy of Sleep Medicine 2017 recommended criteria:*' apnea was defined as
the absence of airflow for >10 seconds, hypopnea was defined as a >30% reduction in airflow for >10 seconds associated
with either a>3% oxygen desaturation or the occurrence of an electroencephalographic arousal. The diagnosis of OSA
was confirmed if the apnea-hypopnea index (AHI) was >5 events per hour. A total of 974 OSA patients were enrolled in
the present study.

This study was approved by the medical ethics Committee of the Second Xiangya Hospital of Central South
University, approval number [Acceptance no. LYEC2024-0078], and informed consent was signed by each individual.
This study was conducted in accordance with the principles of the Declaration of Helsinki.

Hematology Test and Assessment of the Inflammatory Indices
Fasting venous blood samples of all subjects were collected in the morning after sleep monitoring and were sent to the
laboratory department in the hospital. The blood samples were analyzed in the central laboratory of our hospital, and that
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Figure | Study flow diagram.

laboratory staff were blinded to the CVD status of all participants. Complete blood counts were measured using an
automated hematology analyzer (Sysmex XN-1500, Kobe, Japan). Serum lipid profiles were assessed using enzymatic
methods on a fully automated biochemical analyzer (Roche Cobas C702, Mannheim, Germany). We recorded the results
of high-density lipoprotein cholesterol (HDL) and blood routine test including white blood cell (WBC), neutrophils
(NEU), platelet (PLT), lymphocyte (LYM), eosinophilic granulocyte (EO), and monocyte (MON). We utilized the data
from hematology test to calculate the following inflammatory indices: platelet-to-lymphocyte ratio (PLR), neutrophil-to-
lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio (MLR), eosinophil-to-lymphocyte ratio (ELR), lymphocyte to
monocyte ratio (LMR), ratio of neutrophil count to HDL level (NHR), ratio of monocyte count to HDL level (MHR),
ratio of lymphocyte count to HDL level (LHR), ratio of platelet count to HDL level (PHR), platelet count multiplied by
neutrophil-to-lymphocyte ratio (SII), monocyte count multiplied by neutrophil-to-lymphocyte ratio (SIRI), and neutrophil
count multiplied by platelet count multiplied by monocyte-to-lymphocyte ratio (AISI).

Covariates

This study mainly included 2 kinds of covariates: (1) demographic characteristics and lifestyles: sex, age, body mass
index (BMI), smoking, and alcohol. (2) comorbidities: hypertension, hyperlipemia, diabetes, fatty liver disease (FLD),
and cardiovascular disease (CVD).

Demographic data, lifestyles, and comorbidities were all collected from the electronic medical record. Hypertension
was defined as systolic blood pressure>140 mmHg and (or) diastolic blood pressure>90 mmHg, which measured three
times on different days in the clinic,?? or current use of antihypertensive medication. Hyperlipidemia was defined if any of
these four criteria was abnormal: triglycerides > 1.7 mmol/L, total cholesterol > 5.2 mmol/L, low-density lipoprotein
cholesterol > 3.4 mmol/L, or high-density lipoprotein cholesterol < 1.0 mmol/L.** Diabetes was defined as diabetes
symptoms (typical symptoms caused by high blood glucose, including polydipsia, polyphagia, polyuria, weight loss,
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skin pruritus, and blurred vision) + random blood glucose > 11.1 mmol/L, or fasting blood glucose (FPG) > 7.0 mmol/L, or
2-hour blood glucose > 11.1 mmol/L, and/or a previous diagnosis of diabetes,”* or use of antidiabetic treatment. Fatty liver
disease was diagnosed by abdominal ultrasonography. Smoking status and alcohol consumption were recorded as yes/no
according to medical records and patient self-report. CVD was defined as the presence of major cardiovascular disorders
including coronary heart disease, stroke,”® and heart failure.?® All diagnoses in this study were clinically validated.

Sample Size Calculation

An a priori power calculation was conducted to ensure that the study was adequately powered to detect meaningful
associations between inflammatory indices and CVD in OSA patients. The sample size was calculated a priori using
PASS software. Assuming a=0.05, 90% power, R?>=0.5, CVD prevalence was 40%,>’ and an expected odds ratio of 1.5,
we estimated that required participants should over 665 (dropout rate=20%).

Statistical Analysis
The median (25th percentile, 75th percentile) was used to describe the continuous variables, and the number (percentage)
was used to describe the categorical variables. Mann—Whitney U-test and Chi-square test were conducted to compare the
differences between 2 groups (OSA patients with and without CVD). Spearman correlation was used to explore the
correlations between sleep parameters and inflammatory indices. The relationships between the inflammatory indices and
CVD in OSA patients were evaluated by logistic regression analyses in the form of odds ratio (OR) with a 95%
confidence interval (CI) and receiver operating characteristic (ROC) curves, and adjusted for sex, age, BMI, smoking,
alcohol consumption, hypertension, hyperlipemia, diabetes, and FLD. False discovery rate (FDR) correction was applied
using the Benjamini—-Hochberg procedure across all regression and ROC analyses. Multicollinearity among the inde-
pendent variables was assessed using the variance inflation factor (VIF) (Table S3).

All statistical analyses were performed using the IBM SPSS Statistics 25, and GraphPad Prism 10.1.2. Two-tailed
P value<0.05 was considered to be statistically significant.

Results

Characteristics of OSA Patients with and without CVD
We compared the baseline characteristics of OSA patients with and without CVD (Table 1). 432 (44.35%) OSA patients
enrolled in this study had CVD. It seemed that OSA patients with CVD were more likely to have older age, a higher

Table | Baseline Characteristics of OSA Patients with and without CVD

OSA OSA Without CVD OSA with CVD P Value

(N=974) (N=542) (N=432)
Sex (%) 0.765
Male 782 (80.29%) 437 (80.62%) 345 (79.86%)
Female 192 (19.71%) 105 (19.37%) 87 (20.14%)
Age 52.00 (41.00, 60.00) 48.00 (38.00, 56.00) 56.00 (46.50, 64.00) <0.001
BMI 27.78 (25.60, 30.67) 27.50 (25.20, 30.47) 28.40 (26.00, 30.98) 0.004
Smoker (%) 0.006
Yes 455 (46.71%) 232 (42.80%) 223 (51.62%)
No 519 (53.29%) 310 (57.20%) 209 (48.38%)
Alcohol (%) 0.016
Yes 282 (28.95%) 140 (25.83%) 142 (32.87%)
No 692 (71.05%) 402 (74.17%) 290 (67.13%)
Hypertension (%) <0.001
Yes 511 (52.46%) 217 (40.04%) 294 (68.06%)
No 463 (47.54%) 325 (59.96%) 138 (31.94%)

(Continued)
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Table 1 (Continued).

OSA OSA Without CVD OSA with CVD P Value
(N=974) (N=542) (N=432)
Hyperlipemia (%) 0.745
Yes 389 (39.94%) 214 (39.48%) 175 (40.51%)
No 585 (60.06%) 328 (60.52%) 257 (59.49%)
Diabetes (%) <0.001
Yes 260 (26.69%) 113 (20.85%) 147 (34.03%)
No 714 (73.31%) 429 (79.15%) 285 (65.97%)
FLD (%) 0.487
Yes 277 (28.44%) 159 (29.34%) 118 (27.31%)
No 697 (71.56%) 383 (70.66%) 314 (72.69%)
Hematology test
WBC 6.62 (5.49, 7.95) 6.47 (5.39, 7.77) 6.76 (5.71, 8.17) 0.005
NEU 4.07 (3.23, 5.15) 3.95 (3.05, 4.88) 4.28 (343, 5.44) <0.001
PLT 217.00 (183.00, 265.00) | 233.50 (187.00, 271.00) | 212.00 (181.00, 255.50) | 0.010
LYM 1.79 (1.39, 2.22) 1.85 (1.43, 2.32) 1.70 (1.34, 2.04) <0.001
EO 0.13 (0.08, 0.22) 0.14 (0.08, 0.22) 0.13 (0.07, 0.23) 0.885
MON 0.40 (0.32, 0.50) 0.39 (0.31, 0.48) 0.42 (0.33, 0.52) 0.005
HDL 0.97 (0.82, 1.15) 0.98 (0.83, 1.15) 0.95 (0.81, 1.14) 0.099
Inflammatory index
PLR 124.40 (99.11, 159.70) 120.48 (97.32, 153.18) 128.67 (101.02, 164.49) | 0.024
NLR 2.24 (1.67, 3.19) 2.05 (1.56, 2.90) 2.55 (1.87, 3.71) <0.001
MLR 0.22 (0.17, 0.29) 0.21 (0.16, 0.28) 0.24 (0.18, 0.32) <0.001
ELR 0.07 (0.04, 0.12) 0.07 (0.04, 0.11) 0.08 (0.04, 0.13) 0.117
NHR 4.26 (3.16, 5.75) 3.92 (2.93, 5.45) 4.77 (3.49, 5.96) <0.001
MHR 0.41 (0.31, 0.57) 0.39 (0.29, 0.54) 0.44 (0.33, 0.60) 0.001
LHR 11.83 (1.31, 2.43) 1.88 (1.32, 2.49) 1.78 (1.30, 2.34) 0.088
PHR 225.24 (174.80, 292.68) | 227.32 (174.22, 298.06) | 224.18 (174.85, 283.97) | 0.573
NI 497.71 (349.31, 740.78) | 460.09 (324.38, 674.11) | 551.63 (382.71, 830.86) | <0.001
SIRI 0.88 (0.60, 1.39) 0.78 (0.54, 1.25) 1.04 (0.69, 1.70) <0.001
AlS| 194.48 (122.51, 322.27) | 178.79 (113.09, 292.87) | 223.78 (135.04, 377.41) | <0.001
Sleep parameters
AHI 29.15 (14.10, 47.20) 30.60 (15.00, 49.40) 33.30 (19.30, 51.00) 0.010
ODI 81.00 (73.00, 85.00) 28.60 (13.50, 46.20) 30.00 (15.60, 48.45) 0.134
LaSO, 81.00 (73.00, 85.00) 81.00 (73.00, 86.00) 80.00 (73.00, 85.00) 0.088
MaSO, 94.00 (92.70, 95.40) 94.70 (93.00, 96.00) 93.70 (92.20, 94.80) <0.001
TS90 14.45 (3.00, 59.90) 10.85 (2.00, 45.20) 19.25 (4.65, 74.25) <0.001
TST 454.75 (394.00, 503.00) | 445.00 (381.00, 491.00) | 469.50 (416.75, 514.00) | <0.001

Notes: The median (25th percentile, 75th percentile) was used to describe the continuous variables, and the number (percentage)

was used to describe the categorical variables. Bold text indicates a statistically significant difference (P < 0.05).

Abbreviations: BMI, body mass index; CVD, cardiovascular disease; FLD, fatty liver disease; WBC, white blood cell; NEU,
neutrophils; PLT, platelet; LYM, lymphocyte; EO, eosinophilic granulocyte; MON, monocyte; HDL, high-density lipoprotein choles-
terol; PLR, platelet-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; ELR, eosinophil-
to-lymphocyte ratio; NHR, ratio of neutrophil count to HDL level; MHR, ratio of monocyte count to HDL level; LHR, ratio of
lymphocyte count to HDL level; PHR, ratio of platelet count to HDL level; SlI, platelet count multiplied by neutrophil-to-lymphocyte
ratio; SIRIl, monocyte count multiplied by neutrophil-to-lymphocyte ratio; AlSI, neutrophil count multiplied by platelet count multi-
plied by monocyte-to-lymphocyte ratio; AHI, apnea-hypopnea index; ODI, oxygen desaturation index; LaSO,, lowest oxygen

saturation; MaSO,, mean oxygen saturation; TS90, sleep time spent with SpO,<90%; TST, total sleep time.

proportion of hypertension (68.06%) and diabetes (34.03%) compared with OSA patients without CVD. For the
hematology test, there are more white blood cells (P=0.005), neutrophils (P<0.001), and monocytes (P=0.005), but
fewer platelets (P=0.010) and lymphocytes (P<0.001) in OSA patients with CVD. Meanwhile, most of the inflammatory
indices involved in this study had great discrepancies between the CVD and non-CVD groups. OSA patients with CVD
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Figure 2 Correlation analysis of inflammatory indices and sleep parameters in OSA patients. Positive correlations are shown in red and negative correlations are shown in
blue. *means P < 0.05, **means P < 0.01.

Abbreviations: PLR, platelet-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; ELR, eosinophil-to-lymphocyte ratio; NHR,
ratio of neutrophil count to HDL level; MHR, ratio of monocyte count to HDL level; LHR, ratio of lymphocyte count to HDL level; PHR, ratio of platelet count to HDL level;
S, platelet count multiplied by neutrophil-to-lymphocyte ratio; SIRI, monocyte count multiplied by neutrophil-to-lymphocyte ratio; AlSI, neutrophil count multiplied by
platelet count multiplied by monocyte-to-lymphocyte ratio; AHI, apnea-hypopnea index; ODI, oxygen desaturation index; LaSO,, lowest oxygen saturation; MaSO,, mean
oxygen saturation; TS90, sleep time spent with SpO,<90%; TST, total sleep time.

had higher levels of inflammatory indices. Moreover, we found that the CVD group had more severe OSA. AHI was
increased in OSA patients with CVD, but the MaSO, and TS90 were decreased.

Correlation of Inflammatory Indices and Sleep Parameters in OSA Patients

Correlation analysis was performed between inflammation indices and sleep parameters in OSA patients, the correla-
tion coefficients were presented in the heat map (Figure 2) and detailed in Table 2. AHI, oxygen desaturation index
(ODI), and sleep time spent with SpO2<90% (TS90) were positively correlated with most inflammatory indices.

Table 2 Correlation Analysis of Inflammatory Indices and Sleep Parameters in OSA Patients

AHI ODI LaSO, MaSO, TS90 TST

r P r P r P r P r P r P

PLR | —0.004 | 0.893 | —0.013 | 0.677 | —0.054 | 0.091 | —0.100 | 0.002 | 0.075 | 0.019 | —0.020 | 0.525
NLR | -0.027 | 0393 | —0.023 | 0480 | —0.052 | 0.107 | —0.120 | <0.001 | 0.088 | 0.006 | —0.026 | 0.417
MLR | 0.030 0.351 —0.016 | 0.610 | —0.038 | 0.240 | —0.108 | 0.001 | 0.081 | 0.011 | —0.015 | 0.639
ELR 0.017 0.588 0.012 0.718 | —0.022 | 0.489 | —0.054 | 0.090 | 0.032 | 0.313 | —0.013 | 0.680
NHR | 0.074 0.021 0.074 0.021 | —0.082 | 0.011 | —0.112 | <0.001 | 0.107 | 0.001 | 0.026 | 0.410
MHR | 0.122 | <0.001 | 0.086 0.007 | —0.067 | 0.035 | —0.092 | 0.004 | 0.095 | 0.003 | 0.023 | 0.479
LHR 0.114 | <0.001 | 0.120 | <0.001 | —0.039 | 0.219 | 0.000 0.988 | 0.024 | 0.446 | 0.035 | 0.269
PHR 0.144 | <0.001 | 0.136 | <0.001 | —0.106 | 0.001 | —0.096 | 0.003 | 0.105 | 0.001 | 0.015 | 0.641

(Continued)
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Table 2 (Continued).

AHI ODI LaSO, MaSO, TS90 TST

r P r P r P r P r P r P

Sl —0.004 | 0910 | —0.004 | 0912 | —0.06%9 | 0.032 | —0.116 | <0.001 | 0.094 | 0.003 | —0.003 | 0.917
SIRI 0.013 0.684 | —0.017 | 0.604 | —0.048 | 0.133 | —0.106 | 0.001 | 0.089 | 0.005 | —0.006 | 0.857
AlSI 0.027 0.402 | —0.004 | 0.891 —0.062 | 0.051 | —0.102 | 0.001 | 0.092 | 0.004 | 0.010 | 0.756

Notes: Bold text indicates a statistically significant difference (P < 0.05).

Abbreviations: PLR, platelet-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; ELR, eosinophil-to
-lymphocyte ratio; NHR, ratio of neutrophil count to HDL level; MHR, ratio of monocyte count to HDL level; LHR, ratio of lymphocyte count to
HDL level; PHR, ratio of platelet count to HDL level; Sll, platelet count multiplied by neutrophil-to-lymphocyte ratio; SIRI, monocyte count
multiplied by neutrophil-to-lymphocyte ratio; AlSI, neutrophil count multiplied by platelet count multiplied by monocyte-to-lymphocyte ratio; AHI,
apnea-hypopnea index; ODI, oxygen desaturation index; LaSO,, lowest oxygen saturation; MaSO,, mean oxygen saturation; TS90, sleep time spent
with SpO2<90%; TST, total sleep time.

Nevertheless, lowest oxygen saturation (LaSO,) and mean oxygen saturation (MaSQO,) had a reverse trend. MaSO, and
TS90 were the sleep parameters that were associated with the largest number of inflammatory indices, the former had
a negative correlation with almost all inflammatory indices except ELR and LHR, while the latter had a positive
correlation. In addition, there was no significant association between TST and the inflammatory indices involved in this
study.

Associations Between Inflammatory Indices and CVD in OSA Patients

Inflammatory indices with significant differences between the CVD and non-CVD groups were selected for subsequent
analysis. Multivariate logistic regression revealed the association between the inflammatory indices and CVD in OSA
patients (Table 3). When treated as a continuous variable, NLR, MLR, NHR, MHR, and SIRI were suggested to be the

Table 3 ORs (95% Cls) for CVD According to Inflammatory Indices in OSA Patients

Characteristic Model | Model 2 Model 3

OR 95% CI P Value | OR 95% CI P Value | OR 95% CI P Value
PLR 1.002 1.000, 1.004 | 0.046 1.002 | 0.999, 1.004 | 0.149 1.001 | 0.999, 1.004 | 0.249
Ql (£99.16) Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Q2 (99.16-125.46) | 0.892 | 0.624, 1.276 | 0.532 1.018 | 0.695, 1.490 | 0.929 0.959 | 0.648, 1.419 | 0.834
Q3 (125.46-162.23) | 1.240 | 0.866, 1.774 | 0.240 1.324 | 0.904, 1.939 | 0.150 1.251 | 0.845, 1.852 | 0.263
Q4 (>162.23) 1.392 | 0.969, 1.999 | 0.073 1.395 | 0.946,2.057 | 0.093 1.260 | 0.844, 1.880 | 0.259
NLR 1.142 1.065, 1.224 | <0.001* | 1.096 | 1.025, 1.172 | 0.007* 1.085 | 1.017, 1.158 | 0.014*
Ql (£1.68) Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Q2 (1.68-2.29) 1.346 | 0.933,1.940 | 0.112 1.411 | 0.960, 2.073 0.080 1.316 | 0.886, 1.954 | 0.174
Q3 (2.29-3.23) 1.921 1.332,2.772 | <0.001* | 1.846 | 1.255,2.717 | 0.002* 1.647 | 1.107,2.450 | 0.014*
Q4 (>3.23) 2919 | 2.018,4224 | <0.001* | 2.335 | 1.577,3.457 | <0.001* | 2.096 | 1.398, 3.14| <0.001*
MLR 10.039 | 3.593,28.052 | <0.001% | 4.432 | 1.579, 12.445 | 0.005% 3.708 | 1.322, 10.404 | 0.013*
Ql (=0.17) Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Q2 (0.17-0.22) 1.840 1.272,2.662 | 0.001% 1.741 | 1.179, 2.569 0.005* 1.678 | 1.124,2.506 0.011*
Q3 (0.22-0.30) 1.938 1.342,2.800 | <0.001* | 1.736 | 1.177,2.560 | 0.005% 1.607 | 1.078,2.395 | 0.020*
Q4 (>0.30) 2.633 1.818,3.814 | <0.001* | 1.964 | 1.323,2915 | 0.001* 1.858 | 1.234,2.797 | 0.003*
NHR 1.063 1.015, I.115 0.010* 1.082 | 1.027, 1.140 | 0.003* 1.074 | 1.020, 1.131 0.006*
Ql (s3.14) Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Q2 (3.14-4.26) 1.359 | 0.937,1.969 | 0.106 1.595 | 1.065,2.390 | 0.024* 1.360 | 0.897,2.062 | 0.147
Q3 (4.26-5.76) 2.264 1.568, 3.269 <0.001* | 2.983 | 1.985,4.484 | <0.001* | 2.525 | 1.660, 3.840 | <0.001*
Q4 (>5.76) 2.177 1.506, 3.149 <0.001%* | 2.972 | 1.952, 4515 <0.001* | 2.643 | 1.714,4.077 | <0.001*

(Continued)
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Table 3 (Continued).

Characteristic Model | Model 2 Model 3

OR 95% ClI P Value | OR 95% ClI P Value | OR 95% CI P Value
MHR 1.798 1.093, 2.958 | 0.021* 2.185 | 1.236,3.864 | 0.007* 2.116 | 1.205, 3.715 0.009*
QI (=0.30) Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Q2 (0.30-0.41) 1.308 | 0.907, 1.887 | 0.151 1.425 | 0.957, 2.121 0.081 1.350 | 0.897,2.029 | 0.150
Q3 (0.41-0.56) 1.549 1.077,2.228 | 0.018% 1.790 | 1.192,2.688 | 0.005* 1.750 | 1.154, 2.653 0.008*
Q4 (>0.56) 1.764 1.227, 2.535 0.002%* 2.245 | 1.485,3.394 | <0.001* | 2.097 | 1.372, 3.205 0.001*
N 1.000 1.000, 1.001 0.006* 1.000 | 1.000, 1.001 0.011* 1.000 | 1.000, 1.001 0.019*
QI (£350.75) Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Q2 (350.75-504.13) | 1.226 | 0.851, 1.768 | 0.274 1.472 | 0.998, 2.172 | 0.051 1.331 | 0.892, 1.987 | 0.161
Q3 (504.13-750.03) | 1.735 1.208, 2.494 | 0.003* 1.887 | 1.282,2.776 | 0.001* 1.613 | 1.084, 2.401 0.019*
Q4 (>750.03) 2.391 1.657, 3.450 | <0.001* | 2.554 | 1.727,3.777 | <0.001* | 2.176 | 1.454, 3258 | <0.001*
SIRI 1.218 1.092, 1.360 | <0.001* | 1.164 | 1.046, 1.296 | 0.005* 1.148 | 1.035, 1.272 | 0.009*
QI (<0.60) Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Q2 (0.60-0.89) 1.574 1.086, 2.279 | 0.016* 1.623 | 1.097, 2.403 0.015%* 1.437 | 0.960, 2.149 | 0.078
Q3 (0.89-1.43) 2.164 1.495, 3.132 | <0.001* | 2.068 | 1.396, 3.063 <0.001* | 1.803 | 1.205, 2.699 0.004*
Q4 (>1.43) 2904 | 2.001, 4.213 <0.001* | 2.574 | 1.729, 3.831 <0.001* | 2.201 | 1.460, 3.319 <0.001*
AlSI 1.001 1.000, 1.001 0.011* 1.000 | 1.000, 1.001 0.019* 1.000 | 1.000, 1.001 0.021%*
Ql (=121.79) Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Q2 (121.79-196.18) | 1.157 | 0.804, 1.665 | 0.433 1.279 | 0.869, 1.882 | 0.212 1.141 | 0.767, 1.698 | 0.515
Q3 (196.18-327.61) | 1.644 1.142, 2.365 0.007* 1.832 | 1.241,2.705 | 0.002* 1.555 | 1.039, 2.325 0.032%
Q4 (>327.61) 2.079 1.441,2.999 | <0.001* | 2.197 | 1.481, 3.259 <0.001* | 1.864 | 1.240, 2.801 0.003*

Notes: Model |: unadjusted model. Model 2: adjusted for sex, age, BMI, smoking, and alcohol. Model 3: adjusted for sex, age, BMI, smoking and alcohol,
hypertension, hyperlipemia, diabetes, and FLD. Bold text indicates a statistically significant difference (P < 0.05). *represents q value < 0.05. The g-value is the
P-value after adjustment for multiple comparisons using the Benjamini-Hochberg procedure to control the False Discovery Rate. The significance threshold
was set at g < 0.05.

Abbreviations: OR, odd ratio; Cl, confidence interval; PLR, platelet-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-
lymphocyte ratio; NHR, ratio of neutrophil count to HDL level; MHR, ratio of monocyte count to HDL level; SlI, platelet count multiplied by neutrophil-
to-lymphocyte ratio; SIRI, monocyte count multiplied by neutrophil-to-lymphocyte ratio; AlSI, neutrophil count multiplied by platelet count multiplied by
monocyte-to-lymphocyte ratio.

risk factors for CVD in OSA patients. After adjusting sex, age, BMI, smoking and alcohol, hypertension, hyperlipemia,
diabetes, and FLD in model 3, these inflammatory indices still indicated a strong association with CVD risk in OSA
patients.

When the inflammatory indices were categorized into quartiles, this positive correlation remained to exist in MLR.
We set the Q1 group of MLR as the reference, and the risk of CVD was increased in Q2, Q3 and Q4 group. Besides,
other inflammatory markers including NLR NHR, MHR, and SIRI were significantly associated with CVD at Q3 and Q4
levels compared with their Q1 groups. After FDR correction, NLR, MLR, NHR, MHR, and SIRI remained significantly
associated with CVD in OSA patients (Table S1).

ROC Analysis of Inflammation Indices in Discriminating CVD in OSA Patients

ROC curves were depicted to evaluate the discriminatory ability of NLR, MLR, NHR, MHR, and SIRI on CVD of OSA
patients (Figure 3), and the detailed information was presented in Table 4. After adjusted for sex, age, BMI, smoking and
alcohol, hypertension, hyperlipemia, diabetes, and FLD in model 3, all five indices demonstrated fair discrimination for
CVD, with AUC values ranging from 0.734 to 0.736. These associations remained significant after FDR correction
(Table S2).
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Figure 3 ROC Curve of NLR, MLR, NHR, MHR, and SIRI for discriminating OSA patients with CVD. After adjusting for sex, age, BMI, smoking and alcohol, hypertension,
hyperlipemia, diabetes, and FLD in model 3, the ROC curves of 5 inflammatory indices for discriminating OSA patients with CVD were plotted. (A) NLR: AUC=0.734
(0.703,0.765), P<0.001. (B) MLR: AUC= 0.735 (0.704,0.766), P<0.001. (C) NHR: AUC=0.736 (0.705,0.767), P<0.001. (D) MHR: AUC=0.734 (0.703, 0.765), P<0.001. (E) SIRI:

AUC=0.735 (0.704,0.766), P<0.001.
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; NHR, ratio of neutrophil count to HDL level; MHR, ratio of monocyte count
to HDL level; SIRI, monocyte count multiplied by neutrophil-to-lymphocyte ratio; AUC, area under the curve.

Discussion

The study comprehensively explored the direct relationship between 11 immuno-inflammatory biomarkers (PLR, NLR,
MLR, ELR, NHR, MHR, LHR, PHR, SII, SIRI, and AISI) and OSA, providing valuable insights into the inflammatory
profile of the disorder. Furthermore, we focused on the associations between these biomarkers and CVD in OSA patients,
and the results indicated that NLR, MLR, NHR, MHR, and SIRI showed significant associations with CVD and
demonstrated discriminatory ability in distinguishing OSA patients with CVD.

Table 4 ROC Analysis of NLR, MLR, NHR, MHR, and SIRI in Discriminating CVD in OSA Patients

Characteristic Model | Model 2 Model 3

AUC 95% CI P Value | AUC 95% CI P Value | AUC 95% CI P Value
NLR 0.622 | 0.587, 0.658 | <0.001* | 0.706 | 0.673, 0.738 | <0.001* | 0.734 | 0.703, 0.765 | <0.001*
MLR 0.605 | 0.570, 0.641 | <0.001* | 0.706 | 0.674, 0.739 | <0.001* | 0.735 | 0.704, 0.766 | <0.001*
NHR 0.591 | 0.555,0.627 | <0.001* | 0.708 | 0.675, 0.740 | <0.001* | 0.736 | 0.705, 0.767 | <0.001*
MHR 0.562 | 0.526,0.598 | <0.001* | 0.704 | 0.671, 0.736 | <0.001* | 0.734 | 0.703, 0.765 | <0.001*
SIRI 0.617 | 0.582, 0.652 | <0.001* | 0.706 | 0.673, 0.738 | <0.001* | 0.735 | 0.704, 0.766 | <0.001*

Notes: Model |: unadjusted model. Model 2: adjusted for sex, age, BMI, smoking, and alcohol. Model 3: adjusted for sex, age, BMI, smoking and
alcohol, hypertension, hyperlipemia, diabetes, and FLD. Bold text indicates a statistically significant difference (P < 0.05). *represents q value < 0.05.
The g-value is the P-value after adjustment for multiple comparisons using the Benjamini-Hochberg procedure to control the False Discovery Rate.
The significance threshold was set at g < 0.05.

Abbreviations: AUC, area under the curve; Cl, confidence interval; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio;
NHR, ratio of neutrophil count to HDL level; MHR, ratio of monocyte count to HDL level; SIRIl, monocyte count multiplied by neutrophil-to-
lymphocyte ratio.
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OSA can lead to a range of physiological disorders that cannot be characterized by AHI alone, including hypoxic
burden, heart rate response, and respiratory arousal intensity, which further trigger autonomic, inflammatory, oxidative,
metabolic, and vascular abnormalities, thereby increasing the risk of cardiovascular and cerebrovascular disease.”® In
China, many OSA patients refuse to do other examinations except polysomnography and hematologic examination, so it
is necessary to develop some convenient indicators to screen for CVD comorbidities. These accessible hematology
indices can be utilized for preliminary screening of OSA patients at risk of CVD, helping to identify high-risk
individuals. Especially when access to advanced cardiovascular tests is limited, or when patients refuse additional
tests beyond polysomnography and basic blood tests, in such cases, abnormal inflammatory indices can serve as early
warning signals, suggesting closer cardiovascular assessment, cardiology referral, or enhanced management of modifi-
able risk factors. This strategy not only guides further targeted examinations more effectively—avoiding both unneces-
sary procedures and potential missed diagnoses—but also optimizes medical resource allocation by reducing excessive
healthcare expenditure. These indices may be utilized as complementary markers that may enhance established risk
stratification algorithms of cardiovascular outcomes in OSA populations.

NLR has been considered a homeostatic marker of the immune system in many diseases.”” Neutrophils mainly reflect innate
immunity, which could recruit, activate, and program other immune cells, and secrete a series of proinflammatory and
immunomodulatory cytokines and chemokines.*® Low lymphocyte counts are common during systemic inflammatory responses
and are associated with poor outcomes in cardiovascular diseases including heart failure, chronic ischemic heart disease, and
acute coronary syndromes.”’ NLR was regarded as a reliable marker of systemic inflammation and disease severity in OSA
patients. A recent meta-analysis suggested that NLR was significantly higher in OSA patients compared to controls, especially
those with severe OSA.>**> Our results suggest that NLR is associated with nocturnal blood oxygen in OSA patients. Moreover,
NLR was found to be significantly decreased in severe OSA patients after upper airway surgical intervention. However, the effect
of CPAP treatment on NLR levels in OSA patients is inconsistent in different studies.***> Therefore, more research is needed to
focus on the treatment of OSA patients and NLR levels in the future. Extensive evidence indicated that NLR was associated with
cardiovascular risk.*® High log-transformed NLR was reported to be independently associated with the presence of atrial
fibrillation in OSA patients.®” Similar to published literature, the result of this study suggested that NLR was independently
associated with CVD in OSA patients. Peripheral blood monocytes are significantly increased in OSA patients and are considered
biomarkers of inflammation.*® The increased inflammatory responsiveness of monocytes and macrophages may play an
important role in chronic inflammatory diseases. The number of systemic monocytes and circulating monocytes increases
gradually with the progression of atherosclerosis.”> MLR was identified as an independent predictor of all-cause mortality and
CVD mortality in the general population.'® Our results suggested that MLR was strongly associated with nocturnal hypoxia in
OSA patients and was an independent risk factor for patients with CVD.

Similar to NLR and MLR, NHR and MHR were also regarded as inflammatory biomarkers in many diseases.***' HDL
is negatively associated with the risk of CVD and has reverse cholesterol transport, anti-inflammatory, antioxidant,
vasodilatation, and antithrombotic functions.** In this study, the median HDL of OSA patients with CVD was lower
than that of the non-CVD group, although the statistical difference was not significant. This might be caused by the
limitation of the study population. NHR and MHR are HDL-based inflammatory indices, which are associated with CVD
risk. NHR was positively correlated with intima-media thickness of common carotid arteries* and CVD risk in healthy
populations.** MHR has a high diagnostic value in acute aortic dissection,* all-cause death, and poor functional outcomes
of cerebrovascular accidents.*® Our study found that the levels of NHR and MHR were significantly correlated with sleep
parameters in OSA patients, and the logistic analysis and ROC curves suggested their discriminatory power for CVD.

In addition, SIRI is a comprehensive indicator of systemic inflammatory response based on neutrophils, monocytes, and
lymphocytes.*” Recent studies have shown that SIRI was associated with CVD risk*® and CVD mortality.* Our study further
confirmed the associative role of SIRI in relation to CVD risk in OSA patients, demonstrating its potential discriminatory ability.

The inflammatory indices that showed significant associations with CVD in our study are all derived from neutrophil
counts, monocyte counts, and HDL cholesterol, which are key players in cardiovascular pathophysiology. Neutrophils
promote vascular damage by promoting inflammation, releasing a series of proteases and generating reactive oxygen
species, thereby promoting endothelial dysfunction and atherosclerosis.’® Monocytes can secrete inflammatory factors,
infiltrate the vessel walls and differentiate into macrophages, driving the formation of foam cells and the progression of
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plaques.®'*>? In contrast, HDL cholesterol exerts protective effects through reverse cholesterol transport, antioxidant, and
anti-inflammatory functions. Consequently, ratios combining neutrophil or monocyte counts with HDL capture the
imbalance between pro-inflammatory activation and loss of anti-atherogenic protection.”>*>* Similarly, composite indices
such as SIRI integrate neutrophil, monocyte, and lymphocyte counts, reflecting a broader systemic inflammatory state
that may exacerbate vascular injury. These mechanisms provide a plausible explanation for the observed significant
associations of NLR, MLR, NHR, MHR, and SIRI with CVD risk in OSA patients.

Although the AUC values of NLR, MLR, NHR, MHR, and SIRI ranged from 0.734 to 0.736, indicating fair
discriminatory ability, these effect sizes should be interpreted with caution. First, the moderate AUC values highlight
the clinical utility limitations of these indices, as they cannot provide definitive diagnostic accuracy on their own. Instead,
their primary value lies in serving as practical, easily accessible screening tools that may flag OSA patients at increased
cardiovascular risk. From a clinical decision-making perspective, these hematologic indices can assist physicians in
identifying high-risk individuals who may warrant further cardiovascular assessment, lifestyle modification, or preven-
tive interventions. Importantly, they should not replace established diagnostic modalities but rather complement existing
clinical frameworks by providing a cost-effective, preliminary stratification method. Integration of these indices into
routine OSA management could therefore enhance early risk recognition, and optimize allocation of healthcare resources
without adding excessive burden to patients or clinical systems.

There are some limitations. Firstly, this study is a cross-sectional study and cannot provide evidence of causality. Second, our
study was conducted at a single center using a retrospective design, which may introduce selection bias and limit generalizability
to other populations, and the absence of follow-up data or prospective cardiovascular outcomes prevented us from determining
whether these indices predict incident CVD events over time. Third, we did not perform external validation in an independent
cohort. Moreover, the statistical power of our study was calculated based on an odds ratio of 1.5. Consequently, for exposure
variables with effect sizes weaker than this threshold, the power to detect statistically significant associations is reduced. This
means that our study might have failed to identify some true weak associations, potentially leading to type II errors for those
factors. Larger sample sizes are needed to explore these subtler associations. Future prospective, multi-center longitudinal studies
are necessary to confirm the prognostic value of these indices for incident CVD events in OSA patients.

Conclusion

In conclusion, our study identified NLR, MLR, NHR, MHR, and SIRI as hematologic inflammatory biomarkers
associated with CVD in patients with OSA. These easily obtainable markers may assist in early risk stratification and
should be regarded as adjunctive indicators that complement, rather than substitute, established CVD risk assessment
approaches. Their primary utility lies in preliminary screening and early recognition of high-risk individuals, thereby
facilitating subsequent comprehensive cardiovascular evaluation within current clinical practice frameworks. Future
multicenter and longitudinal studies are needed to validate their prognostic role.
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