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Abstract
Background: Bronchial asthma (BA) frequently coexists with obstructive sleep apnea syn-
drome (OSAS). The obesity–inflammation axis may underlie this overlap, but pragmatic pre-
dictors and biomarker utility remain incompletely defined.
Objective: To identify clinical predictors of OSAS in BA and evaluate the diagnostic perfor-
mance of leptin (LEP), interleukin-6 (IL-6), and neutrophil-to-lymphocyte ratio (NLR), individ-
ually and in combination.
Materials and Methods: In a prospective study, 263 adults with BA were enrolled and clas-
sified into OSAS (n=124) and non-OSAS (n=139) groups by polysomnography. The OSAS group 
was stratified by apnea–hypopnea index (AHI) into mild (n=59), moderate (n=42), and severe 
(n=23). Clinical variables were compared with univariate tests. Independent predictors were 
identified using binary logistic regression. Serum LEP and IL-6 (immunoassays) and NLR (hema-
tology) were measured. Biomarker–AHI relationships were assessed by Spearman’s correla-
tion. Diagnostic performance was evaluated using receiver operating characteristic (ROC) 
curves and DeLong’s test.
Results: On univariate analysis, OSAS cases were older and more often male, with higher rates 
of obesity, severe BA, neck circumference >40 cm, rhinitis, and gastroesophageal reflux dis-
ease (GERD). Logistic regression confirmed obesity, severe BA, neck circumference >40 cm, 
rhinitis, and GERD as independent predictors. LEP, IL-6, and NLR were significantly higher in 
OSAS than non-OSAS and increased progressively across AHI strata. LEP correlated strongly 
with IL-6, IL-6 with NLR, and LEP with NLR to a lesser extent (all P<0.001). For diagnosing BA–
OSAS, AUCs were 0.746 (LEP), 0.771 (IL-6), 0.742 (NLR), and 0.826 for their combination, which 
outperformed individual markers (DeLong, P<0.05).
Conclusion: Obesity, neck circumference >40 cm, severe BA, rhinitis, and GERD independently 
predict OSAS in BA. LEP, IL-6, and NLR correlate with OSAS severity, and their combined use 
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provides superior diagnostic value for identifying BA–OSAS comorbidity and may aid targeted 
screening and referral. (≈240 words)
© 2026 Codon Publications. Published by Codon Publications.

It further seeks to explore the correlations between these 
indicators and severity of OSAS as well as their combined 
diagnostic value. By constructing an accessible and accu-
rate biomarker system, this research provides theoretical 
support and a practical basis for early clinical identification 
and personalized intervention.

Materials and Methods

Patient grouping

A total of 263 patients with BA, admitted to the Department 
of Respiratory Medicine at the General Hospital of Ningxia 
Medical University between January 2023 and April 2025, 
were enrolled prospectively. The cohort comprised 140 
males and 123 females, aged 28–77 years (mean: 52.27 ± 
10.06 years). Based on the occurrence of OSAS during hos-
pitalization, patients were categorized into an OSAS group 
(n = 124) and a non-OSAS group (n = 139). Patients in the 
OSAS group were subsequently stratified into three sub-
groups according to the apnea-hypopnea index (AHI):16 a 
mild subgroup (AHI 5–14 events/h, n = 59), a moderate sub-
group (AHI 15–29 events/h, n = 42), and a severe subgroup 
(AHI ≥ 30 events/h, n = 23).

Inclusion criteria

Patients were included based on the following criteria: 
(1)  meeting the diagnostic criteria for BA as defined by 
the Global Initiative for Asthma (GINA);17 (2) patients 
assigned to the OSAS group meeting the diagnostic cri-
teria for OSAS  established by the American Academy of 
Sleep Medicine (AASM);16 (3) completion of a full poly-
somnography (PSG) study with interpretable data during 
hospitalization; (4) a body mass index (BMI) ≥ 18.5 kg/m2 
(to exclude potential confounding by malnutrition); (5) no 
prior treatment with continuous positive airway pressure 
(CPAP) therapy or oral appliances before hospital admis-
sion; (6) absence of acute respiratory infections or asthma 
exacerbations within the 4 weeks preceding enrollment; 
(7)  age between 18 and 80 years; and (8) a written 
informed consent from patient. 

Exclusion criteria

Patients were excluded from the study based on the follow-
ing criteria: (1) concomitant chronic obstructive pulmonary 
disease (COPD), pulmonary fibrosis, or other significant 
structural lung diseases; (2) presence of severe cardiac, 

Introduction

Bronchial asthma (BA) is a chronic inflammatory airway dis-
ease characterized by variable airflow obstruction, airflow 
limitation, and airway hyperresponsiveness.1,2 Driven by 
lifestyle changes and escalating environmental pollution, 
the prevalence of BA has been rising annually, establishing 
it as a major chronic disease of global public health con-
cern. According to World Health Organization (WHO) sta-
tistics, approximately 300 million people currently suffer 
from asthma globally, with the number exceeding 45 mil-
lion in China, posing a significant threat to patient’s quality 
of life and the efficient allocation of societal healthcare 
resources.3 Clinical practice increasingly reveals a frequent 
comorbidity between BA and obstructive sleep apnea syn-
drome (OSAS),4–6 OSAS is characterized by recurrent epi-
sodes of upper airway collapse and obstruction during 
sleep, manifesting primarily as snoring, apneas, nocturnal 
hypoxemia, and excessive daytime sleepiness. Literature 
reports indicate a complex pathophysiological interplay 
between BA and OSAS. BA patients comorbid with OSAS 
exhibit poorer asthma control, higher frequency of acute 
exacerbations, and diminished quality of life.7–9 BA may 
contribute to the development of OSAS through height-
ened airway hyperresponsiveness and increased mucus 
secretion, while nocturnal hypoxemia and sympathetic 
activation associated with OSAS can exacerbate airway 
inflammation and asthma symptoms. This comorbid rela-
tionship may establish a vicious cycle, increasing disease 
burden and complicating its management.

Obesity, recognized as a common risk factor for both 
BA and OSAS, has garnered significant attention in recent 
years.10–12 Adipose tissue functions not only as an energy 
reservoir but also as an endocrine organ, secreting vari-
ous pro-inflammatory cytokines, such as leptin (LEP) and 
interleukin-6 (IL-6). LEP, beyond its role in regulating 
energy metabolism, can activate immune cells and pro-
mote airway inflammatory responses.13 IL-6 serves as a piv-
otal cytokine bridging acute and chronic inflammation.14 
Furthermore, the neutrophil-to-lymphocyte ratio (NLR), an 
easily accessible peripheral blood inflammatory marker, 
has recently been proposed as a potential biomarker for 
various chronic inflammatory diseases and may reflect an 
individual’s systemic inflammatory status.15 The current 
research on BA comorbid with OSAS predominantly focuses 
on clinical manifestations and assessment of quality of life, 
lacking systematic investigation into the underlying mech-
anisms and influencing factors from the perspective of 
obesity–inflammation interactions.

This study aims to analyze the independent risk factors 
for OSAS comorbidity in BA patients based on obesity- and 
inflammation-related indicators, including LEP, IL-6, and NLR.  
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was allowed to clot at room temperature for 30 min and 
subsequently centrifuged at 3000 rpm for 10 min. The sep-
arated serum was then aliquoted in 0.5-mL eppendorf/
microcentrifuge tubes (EP tubes) and stored at -80°C for 
subsequent LEP and IL-6 quantification. EDTA–anticoag-
ulated blood samples were also stored at room tempera-
ture for 30 min and centrifuged at 3000 rpm for 10 min 
(centrifugation radius: 15 cm). The resulting plasma was 
used for NLR determination, which was completed within 
2 h of collection. LEP and IL-6 levels were measured using 
enzyme-linked immunosorbent serological assay (ELISA) 
kits (CUSABIO Technology LLC, China). NLR was calculated 
based on complete blood count results obtained using an 
automated hematology analyzer (Sysmex XN-9000, Japan), 
followed by manual computation of the ratio. All pro-
cedures were strictly performed in accordance with the 
manufacturers’ protocols and established quality control 
requirements for biological specimens.

Statistical methods

Statistical analyses were performed using the SPSS soft-
ware (version 27.0), while data visualization was conducted 
with Prism (version 8.0.2). Categorical data were presented 
as (n (%)) and compared using the Chi-square (χ²) test. The 
normality of continuous variables was assessed using the 
Shapiro–Wilk test, and homogeneity of variances was ver-
ified with Levene’s test. Normally distributed data with 
homogeneous variances were expressed as mean ± standard 
deviation ( x  ± S). Comparisons among three groups were 
performed using one-way analysis of variance (ANOVA). If 
a significant difference was detected (P < 0.05), post hoc 
pairwise comparisons were conducted using Tukey’s hon-
estly significant difference (HSD) test for equal variances, 
or the Games–Howell test when variances were unequal. 
Comparisons between two independent groups employed 
independent samples t-test for equal variances or Welch’s 
t-test for unequal variances. Non-normally distributed con-
tinuous data were described using median and interquar-
tile range (M (P25, P75)). Comparisons between three groups 
used the Kruskal–Wallis H test; if significant (P < 0.05), 
post hoc pair-wise comparisons were performed using the 
Dunn–Bonferroni method. The Mann-Whitney U test was 
used for comparisons between two independent groups, 
And Spearman’s correlation analysis was done between 
LEP, IL-6, NLR, and their respective correlations with AHI. 
Receiver operating characteristic (ROC) curve analysis, 
complemented by the DeLong test, was used to evaluate 
the diagnostic value of LEP, IL-6, NLR, and their combina-
tion for identifying BA comorbid with OSAS. Youden’s index 
was calculated as sensitivity + specificity − 1. The level of 
statistical significance was set at P < 0.05 for all tests.

Results

Univariate analysis of BA with OSAS comorbidity

Univariate analysis demonstrated that patients in the OSAS 
group were significantly older than those in the non-OSAS 

hepatic, or renal failure; (3) a history of prior pharyngeal/
laryngeal surgery or craniofacial deformities known to 
affect upper airway anatomy; (4) long-term use of systemic 
corticosteroids (prednisone-equivalent dosage of >10 mg/
day for ≥4 weeks); (5) active autoimmune disorders, malig-
nancy, or hematological diseases; (6) thyroid dysfunction; 
(7) use of biologics within the 3 months preceding the 
enrollment; or (8) incomplete clinical data (including pul-
monary function tests, neck circumference measurements, 
comorbid conditions, etc.) or missing samples required 
for the assay of key inflammatory markers (LEP, IIL-6, and 
NLR).

Clinical data collection

Clinical data were systematically collected for all enrolled 
patients, encompassing the following domains: (1) demo-
graphic characteristics: age, gender, and BMI, with obesity 
defined as BMI ≥ 28.0 kg/m² according to Chinese criteria;18 
(2) asthma-related parameters: duration of BA, BA sever-
ity classification, and daily inhaled corticosteroid (ICS) 
dosage, categorized as low, medium, or high based on the 
GINA recommended ICS equipotency dosing standards;19 (3) 
upper airway and metabolic indicators: neck circumfer-
ence (measured at the level of the prominentia laryngea in 
the upright position; >40 cm considered abnormal), smok-
ing history (defined as cumulative consumption of >100 
cigarettes), and history of alcohol consumption (defined as 
>30 g of alcohol per day for ≥1 year); and (4) comorbidities 
and medical history: hypertension, diabetes mellitus, coro-
nary heart disease, and a family history of asthma, rhinitis, 
and gastroesophageal reflux disease (GERD).20

Sleep data monitoring

The primary sleep parameter monitored was AHI. Full-night 
PSG was performed using the Philips Alice 6 LDxS system 
(Philips Respironics, 1001 Murry Ridge Lane, Murrysville, 
Pennsylvania 15668, USA) under constant ambient tempera-
ture and humidity conditions, with continuous monitoring 
lasting for ≥7 h. Respiratory events were scored according 
to the AASM criteria: apnea was defined as a ≥90% reduction 
in airflow lasting for ≥10 s, and hypopnea was defined as a 
≥30% reduction in airflow accompanied by a ≥3% decrease 
in oxygen saturation (SpO2) or an associated microarousal. 
The AHI was calculated using the following formula: 

+
= 21total number of apneas  total number of hypopneas

AHI  .
total sleep time (h)

Serological marker assays

Venous blood samples (4 mL) were collected from patients 
after an overnight fasting (≥8 h) on the morning follow-
ing hospital admission. Each blood sample was aliquoted 
into one plain serum separator tube (with a red top, 2 mL) 
and two ethylenediaminetetraacetic acid (EDTA) anticoag-
ulant tubes (with a lavender top, 3 mL). The plain tube 
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also exhibited significantly higher levels than the mild sub-
group (P < 0.05 for all comparisons) (Table 4).

Correlation analysis of LEP, IL-6, and NLR with AHI

Spearman’s correlation analysis showed that LEP was 
strongly positively correlated with IL-6 (r = 0.698, P < 0.001) 

group. Furthermore, the OSAS group exhibited significantly 
higher proportions of males, patients with obesity, severe 
BA, neck circumference > 40 cm, rhinitis, and GERD, com-
pared to the non-OSAS group (all P < 0.05) (Table 1).

Binary logistic regression analysis for BA with 
OSAS comorbidity

Binary logistic regression analysis identified obesity, severe 
BA, neck circumference > 40 cm, rhinitis, and GERD as sig-
nificant independent risks influencing OSAS comorbidity in 
BA patients (all P < 0.05) (Tables 2 and 3).

Comparison of serum LEP, IL-6, and NLR levels 
across groups

Serum levels of LEP, IL-6, and NLR were significantly ele-
vated in the OSAS group, compared to the non-OSAS group 
(P < 0.05). Furthermore, within the OSAS group stratified 
by severity, the severe subgroup demonstrated significantly 
higher levels of all three markers, compared to both mod-
erate and mild subgroups, while the moderate subgroup 

Table 1  Univariate analysis of BA complicated by OSAS.

Indicator OSAS group (n = 124) Non-OSAS group (n = 139) t/χ2 P

Age (years) 53.94 ± 9.38 50.77 ± 10.44 2.581 0.010
Gender (n) 6.120 0.013

Male 76 (61.29) 64 (46.04) - -
Female 48 (38.71) 75 (53.96) - -

Obesity (n) 28.224 <0.001
No 57 (45.97) 108 (77.70) - -
Yes 67 (54.03) 31 (22.30) - -

Duration of BA (n) 1.780 0.182
≤10 years 47 (37.90) 64 (46.04) - -
>10 years 77 (62.10) 75 (53.96) - -

BA severity (n) 8.390 0.015
Mild 20 (16.13) 36 (25.90) - -
Moderate 41 (33.06) 56 (40.29) - -
Severe 63 (50.81) 47 (33.81) - -

Daily ICS dose (n) 5.264 0.072
Low 36 (29.03) 54 (38.85) - -
Medium 51 (41.13) 59 (42.45) - -
High 37 (29.84) 26 (18.71) - -

Neck circumference (n) 26.721 <0.001
≤40 cm 54 (43.55) 104 (74.82) - -
>40 cm 70 (56.45) 35 (25.18) - -
Smoking history (n) 52 (41.94) 53 (38.13) 0.396 0.529
Alcohol history (n) 28 (22.58) 32 (23.02) 0.007 0.932
Hypertension (n) 45 (36.29) 38 (27.34) 2.432 0.119
Diabetes mellitus (n) 22 (17.74) 18 (12.95) 1.167 0.280
Coronary heart disease (n) 16 (12.90) 17 (12.23) 0.027 0.869
Family history of asthma (n) 30 (24.19) 28 (20.14) 0.625 0.429
Rhinitis (n) 68 (54.84) 43 (30.94) 15.351 <0.001
GERD (n) 50 (40.32) 26 (18.71) 14.906 <0.001

BA: bronchial asthma; OSAS: obstructive sleep apnea syndrome; ICS: inhaled corticosteroid; GERD: gastroesophageal reflux 
disease.

Table 2  Assignment table.

Variable Factor Assignment

X1 Age Continuous variable
X2 Gender Male = 1, female = 2
X3 Obesity No = 0, yes = 1
X4 BA severity Mild = 1, moderate = 2, 

severe = 3
X5 Neck circumference ≤40 cm = 0, >40 cm = 1
X6 Rhinitis No = 0, yes = 1
X7 GERD No = 0, yes = 1

BA: bronchial asthma; GERD: gastroesophageal reflux 
disease.



100	 Miao L

inflammation-related biomarkers in patients with BA compli-
cated by OSAS, aiming to elucidate the underlying patholog-
ical links between these conditions and explore the clinical 
utility of biomarkers, including LEP, IL-6, and NLR for the 
early identification of BA–OSAS comorbidity. The findings 
hold significant clinical and theoretical importance. From an 
epidemiological viewpoint, the comorbidity rate of BA and 
OSAS showed a rising trend annually, driven by accelerat-
ing lifestyles, increasing obesity proportion, and worsening 
environmental pollution.22 Studies indicate that the preva-
lence of OSAS in asthmatic patients can reach 20–50%, while 
asthma is also significantly more prevalent among OSAS 
patients. The two conditions share considerable overlap in 
pathophysiological mechanisms, including chronic hypoxia, 
airway inflammation, sympathetic nervous system activa-
tion, and oxidative stress.23–25 Consequently, investigating 
the influencing factors and inflammatory mechanisms of BA–
OSAS comorbidity provides crucial practical guidance.

Our logistic regression analysis identified obesity, neck 
circumference > 40 cm, severe asthma, rhinitis, and GERD 
as independent risk factors for BA–OSAS comorbidity. 
Notably, the odds ratio (OR) for obesity was 3.178, indi-
cating that obese patients face a risk of developing OSAS 
more than three times greater than non-obese individ-
uals. Obesity not only exacerbates upper airway narrow-
ing through anatomical mechanisms but also activates the 
T-helper 1 (Th1)–Th17 pathway via pro-inflammatory cyto-
kines such as LEP, triggering chronic airway inflammation.26 
Furthermore, neck circumference, a simple indicator for 

and weakly positively correlated with NLR (r = 0.447, P < 
0.001), while IL-6 was strongly positively correlated with 
NLR (r = 0.603, P < 0.001). Moreover, LEP, IL-6, and NLR 
were strongly positively correlated with AHI (r = 0.661, 
0.685, and 0.615, respectively; all P < 0.001) (Figures 1A–C).

Diagnostic value of LEP, IL-6, NLR and their 
combination for BA complicated by OSAS

Receiver operating characteristic curves and DeLong’s test 
demonstrated that LEP, IL-6, NLR, and their combination 
exhibited significant diagnostic value for BA complicated 
by OSAS. Areas under the curve (AUC) with 95% confidence 
intervals (95% CI) were 0.746 (0.687–0.804) for LEP, 0.771 
(0.716–0.826) for IL-6, 0.742 (0.683–0.800) for NLR, and 
0.826 (0.770–0.882) for their combinations, respectively (all 
P < 0.001). Crucially, the diagnostic efficacy of the com-
bined panel was significantly superior to that of any indi-
vidual biomarker: LEP (Z = 3.433), IL-6 (Z = 2.250), and NLR 
(Z = 3.060; all P = 0.05), as presented in Tables 5 and 6 and 
Figure 2.

Discussion

This study, adopting the perspective of the obesity–
inflammation interplay, systematically analyzed clin-
ical characteristics, risk factors, and alterations in 

Table 3  Binary logistic regression analysis of BA complicated by OSAS.

Variable β SE Wald P OR (95% CI)

Age 0.026 0.015 3.100 0.078 1.027 (0.997–1.057)
Gender (1) -0.576 0.293 3.854 0.050 0.562 (0.316–0.999)
Obesity (1) 1.156 0.309 13.979 <0.001 3.178 (1.733–5.826)
BA severity 6.832 0.033
BA severity (1) 0.589 0.411 2.052 0.152 1.802 (0.805–4.035)
BA severity (2) 1.033 0.400 6.663 0.010 2.808 (1.282–6.151)
Neck circumference (1) 1.026 0.302 11.565 <0.001 2.789 (1.544–5.037)
Rhinitis (1) 0.962 0.296 10.554 0.001 2.616 (1.465–4.674)
GERD (1) 0.951 0.330 8.328 0.004 2.589 (1.357–4.940)

β, regression coefficient (log-odds) from binary logistic regression; SE, standard error of β; BA: bronchial asthma;  
OSAS: obstructive sleep apnea syndrome; GERD: gastroesophageal reflux disease.

Table 4  Comparison of serum LEP, IL-6, and NLR levels across groups.

Group LEP (ng/mL) IL-6 (pg/mL) NLR

OSAS No (n = 139) 16.48 ± 5.00 5.59 (4.13, 7.07) 2.70 (1.95, 3.47)a

Yes (n = 124) 21.91 ± 6.01a 7.74 (5.97, 9.71)a 3.66 (2.78, 4.56)
OSAS severity Mild (n = 59) 18.01 ± 4.58 5.95 (5.07, 7.26) 2.92 (2.33, 3.48)

Moderate (n = 42) 23.46 ± 4.29a 8.90 (7.48, 10.06)a 3.91 (3.12, 4.97)a

Severe (n = 23) 29.11 ± 3.54a,b 10.94 (9.50, 11.31)a,b 4.72 (4.53, 5.31)a,b

Compared with , aP < 0.05; compared with , bP < 0.05.
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worsening nocturnal asthma and OSAS. Patients with 
severe asthma, characterized by more pronounced airway 
remodeling and reduced pulmonary function,27 exhibited a 
significantly higher risk of developing OSAS, compared to 
those with mild-to-moderate disease. This finding suggests 
that risk assessment for sleep-related breathing disorders 
warrants particular attention in the management of severe 
asthma.

assessing upper airway structural abnormalities, demon-
strated high predictive efficacy in this study, reinforcing 
the association between cervical fat deposition and OSAS 
pathogenesis. Rhinitis and GERD, common comorbidi-
ties in asthma, also emerged as significant risk factors. 
Rhinitis can alter breathing patterns by increasing upper 
airway resistance, while GERD induces bronchoconstric-
tion through microaspiration and vagal reflexes, thereby 

Table 5  Diagnostic performance of LEP, IL-6, NLR, and their combination for BA complicated by OSAS.

Indicator AUC (95% CI) Youden’s index Sensitivity Specificity P

LEP 0.746 (0.687–0.804) 0.379 71.60% 66.30% <0.001
IL-6 0.771 (0.716–0.826) 0.386 70.40% 68.20% <0.001
NLR 0.742 (0.683–0.800) 0.389 70.30% 68.60% <0.001
Combination 0.826 (0.770–0.882) 0.649 78.50% 86.40% <0.001

Table 6  Pairwise comparison of area differences under ROC curves.

Pairwise comparison Z P AUC difference 95% CI

Combination–LEP 3.433 0.001 0.080 0.035–0.126
Combination–IL-6 2.250 0.024 0.055 0.007–0.102
Combination–NLR 3.060 0.002 0.084 0.030–0.138

Figure 1  Correlation analysis of LEP, IL-6, and NLR with AHI. (A) Scatter plot of correlation between LEP and IL-6; (B) scatter plot 
of correlation between LEP and NLR; (C) scatter plot of correlation between IL-6 and NLR; (D) scatter plot of correlation between 
LEP and AHI; (E) scatter plot of correlation between IL-6 and AHI; and (F) scatter plot of correlation between NLR and AHI.
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Leptin, an adipocyte-derived cytokine, plays a vital 
role in regulating energy metabolism, respiratory control, 
and immune responses. It can promote airway inflamma-
tory cell infiltration and exacerbate asthmatic inflam-
mation via the nuclear factor kappa B (NF-κB) signaling 
pathway.32 In OSAS, chronic intermittent hypoxia stimulates 
increased LEP expression, creating a vicious cycle.33 A sig-
nificant positive correlation observed between LEP and AHI 
in this study suggests that LEP can act as a crucial mediator 
in the mutual aggravation of BA and OSAS. 

IL-6, a classic pro-inflammatory cytokine, induces 
C-reactive protein (CRP) synthesis, activates neutrophils, 
and promotes inflammatory cascades. Its role in chronic 
inflammatory diseases is well -–established.34–36 Our data 
showed markedly elevated IL-6 levels in the OSAS group, 
positively correlated with AHI, indicating that IL-6 prob-
ably plays a central role in the pathogenesis of BA–OSAS 
comorbidity. 

Neutrophil-to-lymphocyte ratio, a simple and cost-ef-
fective marker of systemic inflammation, reflects an 
inflammatory imbalance characterized by neutrophil 
activation and relative lymphocyte suppression. Its pos-
itive correlation with OSAS severity in this study sug-
gests that NLR is not merely a reflection of inflammation 
but may actively participate in the pathological process. 
Intermittent hypoxia can promote neutrophil release and 
inhibits lymphocyte proliferation, thereby elevating NLR 
levels.37 Concurrently, neutrophils exacerbate airway 
inflammation through the release of reactive oxygen spe-
cies and inflammatory mediators, further promoting the 
reciprocal worsening of asthma and OSAS. Thus, an ele-
vated NLR may serve as a significant inflammatory marker 
indicating aggravated BA–OSAS comorbidity.

In terms of diagnostic efficacy, ROC curve analysis 
demonstrated an AUC of 0.746 for LEP, 0.771 for IL-6, and 
0.742 for NLR. Crucially, the combination of all three bio-
markers achieved an AUC of 0.826, significantly outper-
forming any single marker, as confirmed by DeLong’s test. 
This suggests that combined LEP, IL-6, and NLR testing 
offers a practical, economical, and scalable tool for early 
screening, potentially enabling OSAS risk stratification and 
guiding personalized intervention strategies for high-risk 
BA patients in clinical practice.

The strengths of this study include its prospective 
design, the biologically plausible selection of biomarkers 
centered on the obesity–inflammation mechanism, an ade-
quate sample size with clearly defined groups, and rigorous 
statistical methods. However, several limitations should be 
noted. Its single-center design may introduce selection bias, 
and measurements of LEP and IL-6 were performed at a sin-
gle time point without longitudinal follow-up. Moreover, 
as an observational study, causality cannot be definitively 
established. Another limitation is that the present work 
placed greater emphasis on the relationship between 
asthma and OSAS. The occurrence or worsening of OSAS can 
itself be regarded as an adverse complication of asthma, 
but the precise mechanisms by which LEP, IL-6, and NLR 
directly influence asthma severity remain unclear. Future 
studies should therefore explore whether these biomarkers 
contribute to airway remodeling, immune dysregulation, or 
corticosteroid resistance in asthma, in order to clarify their 
role in asthma progression beyond OSAS comorbidity.

Regarding inflammatory biomarkers, this study pro-
vides the first systematic evaluation of the expression 
changes and correlations of LEP, IL-6, and NLR in BA–OSAS 
comorbidity. Results revealed significantly elevated lev-
els of LEP, IL-6, and NLR in the OSAS group, compared to 
the non-OSAS group. Furthermore, these levels exhibited 
a significant increasing trend across mild, moderate, and 
severe OSAS subgroups, and Spearman’s correlation analy-
sis confirmed positive correlations with AHI. This suggests 
a progressive elevation in systemic inflammation along-
side worsening OSAS severity, a phenomenon potentially 
driven by recurrent hypoxic stimulation and oxidative 
stress activating pro-inflammatory pathways. In addition, 
strong positive correlations were observed between LEP 
and IL-6 as well as between IL-6 and NLR, while a weaker 
but significant correlation was observed between LEP and 
NLR. These inter-marker associations indicate potential 
synergistic interactions within the obesity–inflammation 
axis, further supporting their role in the pathophysiology 
of BA–OSAS comorbidity.28 To further contextualize our 
findings, previous international studies also investigated 
these biomarkers in OSAS populations without asthma, 
supporting their role as systemic inflammatory indica-
tors. Elevated LEP levels are consistently reported in 
OSAS patients and are thought to reflect both obesity and 
intermittent hypoxia, contributing to disease severity.29 
Similarly, circulating IL-6 levels are significantly increased 
in OSAS and correlate with AHI, indicating their utility as 
markers of hypoxia-driven inflammation.30 In addition, a 
higher NLR was observed in OSAS cohorts, compared to 
healthy controls, reinforcing its value as a simple marker 
of systemic inflammation.31 Taken together, these findings 
suggest that LEP, IL-6, and NLR are not only relevant in BA–
OSAS overlap but are also independently associated with 
OSAS itself. This external evidence strengthens the gen-
eralizability of our results and places them in the broader 
context of OSAS research, indicating that the observed 
associations are not confined to asthma-related mecha-
nisms. It highlights the potential of these biomarkers to 
serve as universal indicators of systemic inflammation in 
sleep-disordered breathing, and underscores the need for 
future studies directly comparing asthma–OSAS overlap 
with isolated OSAS populations to clarify disease-specific 
versus shared pathways.

Figure 2  ROC curves illustrating the diagnostic performance 
of LEP, IL-6, NLR, and their combination for BA complicated by 
OSAS.
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Conclusion

This study confirms obesity, neck circumference > 40 cm, 
severe asthma, rhinitis, and GERD as independent risk fac-
tors for BA–OSAS comorbidity. Serum levels of LEP, IL-6, and 
NLR are closely associated with OSAS severity, and their 
combined detection exhibits high value for early diagnosis. 
Moreover, considering that non-T2 inflammation may pre-
dominate in asthma patients with OSAS, our findings raise 
the possibility of developing targeted interventions aimed 
at the identified inflammatory pathways. In particular, IL-6, 
together with LEP and NLR, may represent promising ther-
apeutic targets for metabolic–inflammatory modulation. 
Future prospective and interventional studies are war-
ranted to investigate whether modulation of these non-T2 
pathways can improve both OSAS severity and asthma con-
trol, thereby reducing the overall disease burden.
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