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Association between
platelet-to-neutrophil ratio and
asthma—COPD overlap: a
cross-sectional study in China

Lei Yang", TingTing Zeng?®, Na Li* and DePeng Jiang*

Department of Respiratory Medicine, The Second Affiliated Hospital of Chongging Medical University,
Chongging, China, ?Department of Endocrinology, The Second Affiliated Hospital of Chongging
Medical University, Chongging, China

Background: The platelet-to-neutrophil ratio (PNR) has emerged as a valuable
biomarker that reflects both systemic inflammatory activity and overall nutritional
status. Asthma-—chronic obstructive pulmonary disease (COPD) overlap (ACO) is
a clinical syndrome characterized by persistent airway inflammation and recur-
rent episodes of respiratory deterioration. Although inflammation represents a
common underlying pathological mechanism, the relationship between PNR and
the incidence or severity of ACO has not yet been fully clarified. Elucidating this
association is therefore of considerable clinical and scientific importance.
Methods: This cross-sectional retrospective study used multivariable logistic
regression analyses to examine the association between PNR and ACO, after
adjusting for key covariates, including age, sex, body mass index (BMI), hemo-
globin, white blood cell count, eosinophil count, creatinine, alanine aminotrans-
ferase, aspartate aminotransferase, albumin levels, smoking history, and alcohol
consumption. Restricted cubic spline (RCS) models assessed linear and non-
linear relationships, while Spearman’s correlation analysis evaluated the strength
and direction of associations. In addition, subgroup analyses were performed to
investigate potential differences across specific population groups.

Results: A total of 1,025 participants were included in the analysis, with a
median age of 61 years; 72.78% of the cohort were male. The study population
comprised 685 healthy controls (HCs), 348 individuals with asthma, 372 with
chronic obstructive pulmonary disease (COPD), and 340 with asthma—-COPD
overlap (ACO). Patients with ACO exhibited significantly lower PNR values than
HCs (p < 0.05). After adjusting for potential confounders, PNR remained inde-
pendently associated with a reduced risk of ACO (odds ratio [OR] = 0.964, 95%
confidence interval [CI]: 0.954-0.975; p < 0.0001). RCS analyses confirmed a
dose-response relationship between PNR and ACO risk. A non-linear association
was identified, with a threshold inflection point at a PNR value of 61.17. Above this
threshold, higher PNR levels remained significantly associated with a lower risk
of ACO (OR = 0.926, 95% CI: 0.905-0.948; p < 0.001). Spearman’s correlation
analysis demonstrated a moderate negative correlation between PNR and ACO
(r = —0.447, p < 0.001). Receiver operating characteristic (ROC) analysis yielded
an area under the curve (AUC) of 0.774 (95% CI: 0.742-0.806), indicating accept-
able discriminatory performance.

Conclusion: This study demonstrates a significant inverse association between
PNR and ACO, particularly when PNR values fall below the identified threshold
of 61.17. These findings suggest that PNR may serve as a potentially valuable
biomarker for assessing ACO risk. Further prospective and validation studies are
warranted to confirm its diagnostic performance and clinical applicability.
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1 Introduction

Chronic obstructive pulmonary disease (COPD) represents one
of the most pressing global public health challenges and is projected
to increase in prevalence over the coming decades (1). This rising dis-
ease burden is largely associated with population aging and ongoing
environmental changes. Simulation data from the Global Burden of
Disease database indicate that the number of COPD cases among
individuals aged 25 years and older is expected to increase by 23%,
reaching approximately 600 million by 2050 (2). Asthma also remains
a major public health concern worldwide. The Global Asthma Report
estimates asthma prevalence rates of 9.1% in children, 11.0% in ado-
lescents, and 6.6% in adults (3). Consistently, a previous study
reported that, in 2021, the global prevalence of asthma was approxi-
mately 3,340 cases per 100,000 individuals (4). Patients who exhibit
overlapping clinical and physiological characteristics of both asthma
and COPD are commonly classified as having asthma-COPD overlap
(ACO). Prior evidence suggests that approximately 15% of individuals
diagnosed with COPD based on spirometric criteria may actually
meet diagnostic features consistent with ACO (5). However, substan-
tial heterogeneity in existing ACO definitions continues to complicate
accurate diagnosis and optimal clinical management (6).

In recent years, absolute blood cell counts and their derived ratios
have attracted increasing attention as readily accessible inflammatory
biomarkers in COPD, asthma, and related overlap syndromes (7-9).
Platelets play a pivotal role in the pathophysiology of COPD by con-
tributing to thrombotic, inflammatory, and immune processes within
the pulmonary microenvironment. A meta-analysis by Zinellu et al.
demonstrated that platelet-related biomarkers are associated with both
stable COPD—particularly, platelet count and platelet-to-lymphocyte
ratio [PLR]—and acute exacerbations of COPD—particularly, PLR
(10). In addition, mean platelet volume has been identified as a nega-
tive predictor of acute exacerbations in patients with COPD (11).
Neutrophils are key effectors of innate immune responses in the respi-
ratory system and can induce inflammatory lung injury across differ-
ent age groups (12, 13). In COPD, neutrophils may become excessively
activated, releasing proinflammatory mediators such as interleukin-8
(IL-8), recruiting additional neutrophils to sites of inflammation, and
promoting oxidative stress through the generation of reactive oxygen
species (14). The platelet-to-neutrophil ratio (PNR), an emerging
composite biomarker that integrates platelet and neutrophil counts,
may provide a more comprehensive reflection of thrombosis, inflam-
mation, and their interplay. Previous studies have demonstrated the
clinical relevance of PNR across a range of diseases, including lung
cancer, diabetic retinopathy, sickle cell anemia, and cerebrovascular
disorders, with lower PNR values often indicating a poorer prognosis
(15-19). Notably, evidence suggests that PNR, together with the lym-
phocyte-to-monocyte ratio, may outperform traditional inflammatory
indices, such as the neutrophil-to-lymphocyte ratio (NLR), PLR, and
systemic immune-inflammation index (SII), in predicting outcomes
in ovarian cancer (20). Similarly, another study reported that PNR was
a superior predictor of carotid atherosclerosis compared with NLR,
PLR, and SII (21).
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Despite its emerging clinical relevance, evidence examining the
association between PNR and ACO remains limited. This knowledge
gap underscores the need for further investigation. To address this
limitation, the present study employed a cross-sectional analytical
design to systematically evaluate the relationship between PNR and
ACO, thereby providing novel evidence in an area where data are cur-
rently scare.

2 Materials and methods
2.1 Study design and population

We conducted a retrospective, single-center study using elec-
tronic medical records of patients diagnosed with ACO and healthy
controls (HCs) evaluated at the Department of Respiratory
Medicine and the Health Examination Center of the Second
Affiliated Hospital of Chongqing Medical University between June
2018 and December 2024. The study protocol was approved by the
Ethics Committee of the Second Affiliated Hospital of Chongging
Medical University, and written informed consent was obtained
from all participants. The inclusion criteria were as follows: (1) age
> 40 years, (2) a clinically confirmed diagnosis of ACO, and (3)
absence of other underlying pulmonary diseases. The exclusion cri-
teria included: (1) a history of recent exacerbations, active respira-
tory infections, or use of oral corticosteroids, antibiotics, or antiviral
agents within the preceding 3 months; (2) comorbid conditions
such as metabolic disorders, malignancies, or hematological dis-
eases; and (3) missing data on platelet counts or serum albumin
levels. Detailed inclusion and exclusion criteria have been described
previously (22), and the participant screening process is illustrated
in Figure 1.

2.2 Asthma and COPD diagnosis

Asthma was diagnosed according to the Global Initiative for
Asthma (GINA) guidelines (GINA 2025) (23), and COPD was diag-
nosed based on the Global Initiative for Chronic Obstructive Lung
Disease (GOLD 2025) criteria (24).

2.3 ACO diagnosis

The major diagnostic criteria for ACO were as follows: (i) persis-
tent airflow limitation, indicated by a post-bronchodilator FEV,/FVC
ratio of < 0.70 in individuals aged > 40 years, (ii) a smoking history of
> 10 pack-years, and (iii) either a documented diagnosis of asthma
before the age of 40 years or a bronchodilator response (BDR) exceed-
ing 400 mL in FEV,. The minor criteria included (i) a documented
history of atopy or allergic rhinitis, (ii) a BDR of > 200 mL and > 12%
in FEV, on two or more occasions, and (iii) a peripheral blood eosino-
phil count of > 300 cells/pL. Patients who fulfilled all major criteria
and at least one minor criterion were classified into the ACO cohort
(25, 26).
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The population diagnosed with asthma or COPD in the
Department of Respiratory Medicine of the Second Affiliated
Hospital of Chongqing Medical University between June 2018
and December 2024 (N = 12708)
Excluded a history of recent > Excluded age years old <40
exacerbations, active respiratory (N =4783)
infections, or use of oral corticosteroids, |&
antibiotics, or antiviral medications
within the previous 3 months (N = 2302) Excluded the presence of
comorbidities such as metabolic
> diseases, tumors, or hematological
Miss platelet count or serum disorders (N = 1236)
albumin results data (N = 2245)
A4
Eventually a clinically confirmed
diagnosis of ACO in the study (N = 340)
FIGURE 1
Flowchart illustrating the process of participant selection. COPD, chronic obstructive pulmonary disease; ACO, asthma—chronic obstructive pulmonary
disease and asthma overlap.

2.4 Health participants
Age- and sex-matched health check-up participants were included

as controls; they had normal lung function and no underlying medical
conditions.

2.5 Calculation of PNR index

The PNR was calculated as the ratio of platelet count (x10°

cells/L) to neutrophil count (x10° cells/L), using the
PLT(10° /1)

formula: PNR = (19).
NP(10° /1)

2.6 Statistical analysis

Categorical variables were compared using the chi-squared test or
Fisher’s exact test, as appropriate, while continuous variables were
assessed using the Mann-Whitney U test or the Kruskal-Wallis test.
Three logistic regression models were constructed: Model I (unad-
justed); Model II (adjusted for age and sex); and Model IIT (adjusted
for age, sex, body mass index [BMI], hemoglobin, white blood cell
count, eosinophil count, creatinine, alanine aminotransferase, aspartate
aminotransferase, albumin, smoking history, and alcohol consump-
tion). Restricted cubic spline (RCS) analyses were performed to evalu-
ate potential non-linear relationships between PNR and ACO, and
Spearman’s correlation analysis assessed the strength and direction of
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associations. Subgroup analyses were conducted to explore potential
differences across specific population groups. Receiver operating char-
acteristic (ROC) curve analysis and area under the curve (AUC) values
were used to assess the predictive performance of PNR for
ACO. Statistical analyses were performed using SPSS version 26 (IBM
Corp., Armonk, NY, United States) and R version 4.2.2, and GraphPad
Prism version 9.5.1 was used for data visualization. A two-tailed
p-value of < 0.05 was considered statistically significant.

3 Results
3.1 Participant baseline characteristics

As shown in Table 1, the study included 1,025 participants, with a
median age of 61 years and a median BMI of 24.03 kg/m?. Male partici-
pants accounted for 72.78% of the cohort, 32.68% were current or former
smokers, and 26.24% reported regular alcohol consumption. The median
PNR value was 61.55, with quartile distributions as follows: Q1 < 42.19,
Q2 =42.19-57.92, Q3 = 57.92-76.64, and Q4 > 76.64.

3.2 Compare the PNR in ACO patients and
HCs

Compared with the ACO group, PNR values were significantly
higher in HCs (p <0.001; Figure 2A). This difference remained
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TABLE 1 Baseline characteristics of participants.

Overall (N = 1,025) Q1 <42.19 (N = 257) 42.19<Q2 <57.92 5792 < Q3 <76.64 Q4 > 76.64 (N = 256) p-value
(N = 257) (N = 255)
Age(years) 61.00 63.00 61.00 60.00 59.00 <0.001
(40.00-94.00) (40.00-94.00) (40.00-91.00) (41.00-81.00) (40.00-84.00)
24.03 24.09 24.16 24.20 23.83 0.196
BMI(kg/m?)
(15.37-47.65) (15.37-37.44) (16.16-35.55) (17.19-47.65) (16.79-33.77)
White blood cells(10°/L) 6.11 8.56 6.53 5.83 4.84 <0.001
(2.49-29.51) (4.07-29.51) (2.66-11.88) (2.88-9.57) (2.49-9.62)
142.00 142.00 144.00 144.00 137.00
Hemoglobin(g/L) <0.001
(64.00-201.00) (64.00-201.00) (82.00-175.00) (95.00-185.00) (94.00-172.00)
Neutrophil(10°/L) 3.62 5.93 4.00 3.39 2.51 <0.001
(1.19-28.56) (2.43-28.56) (1.85-9.55) (2.01-6.27) (1.19-6.09)
60.10 72.60 62.40 57.70 52.45 <0.001
Neutrophil(%)
(19.90-98.60) (19.90-98.60) (44.40-93.70) (40.70-71.00) (30.90-76.60)
Lymphocytes(%) 29.20 17.80 27.10 31.50 36.40 <0.001
(0.50-135.00) (0.50-85.90) (0.57-135.00) (13.50-51.00) (5.10-60.40)
Eosinophil(10°/L) 0.14 0.10 0.13 0.15 0.16 <0.001
(0.00-4.17) (0.00-4.17) (0.00-2.64) (0.00-1.02) (0.01-1.78)
216.00 188.00 202.00 224.00 244.50
Platelets(10°/L) <0.001
(53.00-631.00) (53.00-407.00) (88.00-522.00) (129.00-450.00) (137.00-631.00)
71.80 72.40 72.00 74.30 66.90
Creatinine(mg/dl) <0.001
(6.50-217.60) (24.80-176.90) (36.30-125.90) (6.50-217.60) (41.70-128.50)
Alanine 21.00 20.00 21.00 23.00 20.00 0.008
aminotransferase(IU/L) (2.00-183.00) (2.00-149.00) (7.00-183.00) (7.00-93.00) (6.00-180.00)
Aspartate 22.00 21.00 22.00 23.00 23.00
0.002
aminotransferase(IU/L) (8.00-195.00) (10.00-130.00) (8.00-195.00) (11.00-70.00) (12.00-83.00)
Albumin(g/L) 45.40 45.42 45.40 45.45 45.40 0.633
(37.10-53.70) (37.70-51.80) (37.50-53.60) (40.00-53.00) (37.10-53.70)
Sex(%) 0.288
Male 746(72.78%) 183(71.21%) 178(69.26%) 194(76.08%) 191(74.61%)
Female 279(27.22%) 74(28.79%) 79(30.74%) 61(23.92%) 65(25.39%)
Smoking history(%) <0.001
No 690(67.32%) 129(50.19%) 161(62.65%) 183(71.76%) 217(84.77%)

(Continued)
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For categorical variables, Fisher’s exact test and the chi-squared statistic test were utilized, while the Mann-Whitney U test and T-test were used for continuous variables.

10.3389/fmed.2026.1729278

significant in both sexes, with male and female HCs exhibiting higher
PNR levels than their ACO counterparts (p < 0.001; Figures 2B,C).
Similarly, PNR was significantly elevated in HCs compared with ACO
patients in both age subgroups—those aged > 65 years and those aged
< 65 years (Figures 2D,E). This pattern persisted regardless of smoking
status, with HCs showing higher PNR levels than ACO participants
among both smokers and non-smokers (p < 0.001; Figures 2EG). PNR
also remained significantly higher in HCs than in ACO patients, irre-
spective of alcohol consumption (p < 0.001; Figures 2H,]).

3.3 Analysis of the correlation between PNR
index and ACO

After adjusting for all relevant covariates, higher PNR was signifi-
cantly associated with a reduced risk of ACO (OR = 0.964; 95% CI:
0.954-0.975; p < 0.0001). Compared with participants in the lowest
quartile (Q1), those in quartiles Q2, Q3, and Q4 demonstrated pro-
gressively lower odds of ACO. In the fully adjusted model (Model 3),
the odds ratios were 0.345 (95% CI: 0.211-0.565) for Q2, 0.126 (95%
CI: 0.071-0.223) for Q3, and 0.126 (95% CI: 0.065-0.241) for Q4, with
a significant trend observed across quartiles (P for trend < 0.0001;
Table 2). These associations were consistent across all regres-
sion models.

3.4 Analysis of smooth fitting curve and
threshold effects

The smooth fitting curve in Figure 3 demonstrates a non-linear
relationship between PNR and ACO. Threshold effect analysis identi-
fied an inflection point at a PNR value of 61.17. Below this threshold,
higher PNR was significantly associated with a reduced risk of ACO
(OR =0.926; 95% CI: 0.905-0.948; p < 0.0001). In contrast, when PNR
exceeded 61.17, the association was no longer statistically significant
(OR =0.992; 95% CI: 0.976-1.007; p = 0.302; Table 3). The likelihood
ratio test confirmed the presence of this non-linear relationship
(p < 0.0001).

3.5 Subgroup analyses

Comprehensive subgroup analyses and interaction tests, adjusted
for all relevant covariates, were performed to evaluate the robustness
of the association between PNR and ACO and to examine potential
variations across different populations. A consistent and significant
inverse relationship between PNR and ACO was observed across most
subgroups. Interaction analyses, however, indicated no statistically
significant differences in the PNR-ACO association among subgroups
(all p > 0.05; Figure 4).

3.6 The correlation analysis between PNR
and COPD risk

Spearman’s correlation analysis revealed a significant negative
correlation between PNR and ACO overall (r = —0.447, p < 0.001),
which remained significant after adjusting for relevant covariates
(Figure 5A). This inverse relationship was particularly pro-
nounced when PNR was below the threshold of 61.17 (r = —0.430,
p < 0.001; Figure 5B). In contrast, no significant correlation was
observed when PNR was > 61.17 (r=-0.012, p=0.791;
Figure 5C).
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3.7 Predict ACO risk

ROC curve analysis was performed to assess the predictive
value of PNR for ACO risk. The overall AUC was 0.774 (95% CI:

10.3389/fmed.2026.1729278

0.742-0.806; Figure 6A), with the calibration curve shown in
Supplementary Figure 1. Using a cutoff value of 46.149, the sensi-
tivity was 0.612, the specificity was 0.837, and the Youden index
was 0.749 (Supplementary Table 1). When stratified by the
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(H) without drinking history; (I) with drinking history. PNR, platelets-to-neutrophil ratio; ACO, asthma—chronic obstructive pulmonary disease overlap.
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threshold of PNR < 61.17, the AUC was 0.749 (95% CI: 0.709-
0.789; Figure 6B). In contrast, for PNR > 61.17, predictive perfor-
mance declined markedly, with an AUC of 0.490 (95% CI:
0.417-0.563; Figure 6C).

4 Discussion

In this study, we found that patients with ACO exhibited sig-
nificantly lower PNR levels compared with healthy controls.
Furthermore, our analyses revealed a non-linear association and
threshold effect between PNR and ACO, a relationship that, to our
knowledge, has not been previously reported, underscoring the

Frontiers in Medicine

potential role of PNR as an inflammatory biomarker in the con-
text of ACO.

Platelets are small, anucleate cellular fragments derived from
megakaryocytes, with approximately one trillion circulating in the
adult bloodstream (27, 28). Beyond their classical roles in hemosta-
sis and thrombosis, platelets are increasingly recognized as immune
cells that participate in diverse immunological processes (29, 56).
Numerous studies have documented platelet recruitment and local-
ization within pulmonary tissues, where platelets contribute to
inflammatory responses through interactions with dendritic cells,
eosinophils, and neutrophils, thereby modulating immune function
(30-32). Platelets also secrete a variety of bioactive mediators,
including growth factors (33-35), adenosine triphosphate (36), his-
tamine (37), serotonin (38), interleukin-33 (39), platelet-activating
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TABLE 2 Multivariable logistic regression models examining the association between PNR and ACO.

Variable Model 1 Model 2 Model 3
OR (95% Cl) OR (95% ClI) OR (95% ClI)

PNR 0.956 <0.0001 0.958 <0.0001 0.964 <0.0001
(0.949,0.963) (0.950,0.965) (0.954,0.975)

PNR (Q1) Reference Reference Reference

PNR (Q2) 0.245 <0.0001 0.247 <0.0001 0.345 <0.0001
(0.170,0.354) (0.169,0.361) (0.211, 0.565)

PNR (Q3) 0.080 <0.0001 0.087 <0.0001 0.126 <0.0001
(0.052,0.124) (0.056,0.135) (0.071, 0.223)

PNR (Q4) 0.078 <0.0001 0.088 <0.0001 0.126 <0.0001
(0.050,0.120) (0.056,0.137) (0.065, 0.241)

P for trend <0.0001 <0.0001 <0.0001

Model I featured no adjustment for covariates, whereas Model II incorporated adjustments for age and sex. Moving on to Model III, a comprehensive adjustment was made for age, sex, BMI,
hemoglobin, white blood cells, eosinophils, creatinine, alanine aminotransferase, aspartate aminotransferase, albumin, smoking history, and drinking history. PNR, platelet-to-neutrophil ratio;
OR, odds ratio; CIs, confidence intervals.
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FIGURE 3
Restricted cubic spline between PNR and ACO. The pink bars show the fitted 95% confidence intervals (95% Cl), and the fitted curves are shown in red.
PNR, platelet-to-neutrophil ratio; ACO, asthma—chronic obstructive pulmonary disease overlap.

TABLE 3 Threshold effect analysis of the PNR on ACO risk.

PNR The effect size (95%Cl) p-value
Model 1: Fitting model by standard linear regression 0.964(0.954, 0.975) < 0.0001
Model 2: Fitting model by two-piecewise linear regression
Inflection point(K) 61.17
<K 0.926(0.905, 0.948) <0.0001
>K 0.992(0.976, 1.007) 0.302
P for likelihood ratio test <0.0001

PNR, platelet-to-neutrophil ratio; OR, odds ratio; CI, confidence intervals.
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Various OR 95%ClI p value p interaction
Age group : 0.489
< 65 years 0.961(0.940,0.981) & <0.001
2 65 years 0.972(0.945,1.001) a 0.058
Gender ! 0.105
Male 0.964(0.948,0.979) o <0.001
female 0.980(0.960, 1.000) & 0.049
BMI group ! 0.913
< 18.5kg/m2 0.363(0.000,Inf) +—a : 0.999
18.5< BMI < 25 kg/m2  0.962(0.948,0.976) & <0.001
> 25 kg/m2 0.972(0.955,0.989) a 0.002
Smoking history ! 0.41
No 0.963(0.950,0.977) o <0.001
Yes 0.968(0.948,0.988) & 0.002
Drinking history I 0.677
No 0.965(0.954,0.977) -1 <0.001
Yes 0.968(0.943,0.994) & 0.017
0.00 025 050 0.75 1.00
FIGURE 4

Subgroup analysis of the PNR-ACO correlation. BMI, body mass index; OR, odds ratio; Cls, confidence intervals.
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factor (40, 41), and thromboxane A2 (42), which can exacerbate
airway inflammation. Neutrophilic inflammation is a hallmark of
both healthy lungs and various acute and chronic pulmonary dis-
eases, including acute bronchitis, acute respiratory distress syn-
drome, COPD, and severe asthma. Neutrophils are recruited to
inflammatory sites by chemotactic factors, including IL-8, leukot-
riene B4, and tumor necrosis factor-alpha, and can cause tissue
damage through excessive activation and the release of reactive
oxygen species (43, 44). In COPD, the aberrant inflammatory
response involves neutrophils, macrophages, and CD8 + T lympho-
cytes, leading to airway remodeling and functional impairment.
Emphysema is characterized by disruption of the protease—antipro-
tease balance mediated by neutrophils, resulting in alveolar destruc-
tion and impaired mucociliary clearance. Chronic bronchitis
involves mucosal infiltration by neutrophils, macrophages, and
lymphocytes, causing epithelial damage, smooth muscle hypertro-
phy, and fibrosis (43, 44).

The PNR is an emerging biomarker that integrates platelet and
neutrophil counts, providing a comprehensive reflection of both
thrombotic and inflammatory status, as well as their interactions.
Previous studies have demonstrated the clinical utility of PNR
across diverse conditions. For example, PNR exhibits superior
prognostic accuracy compared with PLR and the platelet-to-white
blood cell ratio in predicting 3-month outcomes after acute

Frontiers in Medicine

ischemic cerebral infarction (18). It also outperforms NLR and
PLR in distinguishing patients with preeclampsia and gestational
hypertension (45) and serves as a better predictor of impending
brain death than PLR (46). In cerebrovascular diseases, lower PNR
values are generally associated with poorer prognosis and an
increased risk of hemorrhagic transformation in acute ischemic
stroke (47). Abounoori et al. (48) reported progressive declines in
PNR in patients with Graves” ophthalmopathy, correlating with
disease severity. Similarly, patients with diabetic macular edema
exhibit significantly lower PNR levels compared with HCs (10),
findings that are consistent with those of the present study.

In ACO, persistent inflammation plays a central role in platelet acti-
vation and functional modulation. Chronic hypoxia, a hallmark of ACO,
stimulates megakaryocytes in the bone marrow, affecting platelet pro-
duction and morphology, and leading to variations in platelet count and
size (49). Compared with patients with isolated asthma or COPD, indi-
viduals with overlapping features tend to exhibit altered platelet dynam-
ics and greater susceptibility to stress-induced platelet changes (50).
Furthermore, both ACO and asthma patients show reduced neutrophil
numbers in the airway mucosa (51). Previous studies have reported that
ACO patients present with elevated eosinophil counts but reduced neu-
trophil percentages, alongside decreased NLR and PLR values (52).
Notably, patients with COPD or asthma generally exhibit elevated
inflammatory markers, including PLR, NLR, monocyte-to-lymphocyte
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ratio, basophil-to-lymphocyte ratio, and eosinophil-to-lymphocyte ratio
(53-55). Our findings indicate that PNR is lower in ACO patients com-
pared with HCs and is inversely correlated with ACO. This finding may
reflect persistent chronic inflammatory responses that influence platelet
production and function. Under inflammatory conditions, increased
neutrophil production can further reduce PNR. Additionally, airway
remodeling and impaired pulmonary function in ACO may contribute
to decreased PNR through complex regulatory mechanisms involving
inflammatory mediators in the hematopoietic and immune systems,
highlighting the intricate interplay between inflammation, platelet
behavior, and the unique immunological profile of ACO. A reduction in
PNR may also signal a predisposition to “immune thrombosis,” in which
activated platelets interact with neutrophils to form platelet-neutrophil
aggregates, leading to microvascular embolism and exacerbating local
hypoxia and inflammation. This interaction can further activate addi-
tional immune cells, releasing pro-inflammatory mediators and creating
a positive feedback loop that perpetuates the inflammatory response.
This study has several limitations. First, as a single-center, cross-
sectional, retrospective study, it is susceptible to selection bias, which
may affect the robustness of our conclusions. Prospective, randomized
controlled studies with serial measurements are needed to establish
causality and strengthen the evidence base. Second, although we
adjusted for numerous potential confounders, the possibility of resid-
ual confounding cannot be excluded. Third, the relative homogeneity
of the study population limits the generalizability of our findings to
other racial and ethnic groups. Finally, potential errors in data collec-
tion may have introduced bias. Despite these limitations, our study
provides novel insights into the role of PNR as an inflammatory bio-
marker in ACO and offers important directions for future research.

5 Conclusion

This study demonstrated a significant inverse association between
PNR and ACO, particularly when PNR is below 61.17. These findings
suggest that PNR may serve as a promising biomarker for ACO, with
potential applications in risk stratification and patient management.
Future research should aim to elucidate the mechanistic links between
PNR and ACO pathogenesis and to validate its clinical utility across
diverse populations. Larger studies are also warranted to compare the
diagnostic performance of PNR in patients with asthma-only, COPD-
only, and overlapping phenotypes.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement

The studies that involved human subjects were granted approval
by the Second Affiliated Hospital of Chongqing Medical University

Frontiers in Medicine

11

10.3389/fmed.2026.1729278

ethics Committee, approval number (2025.17), date of approval of
2025.02.14. The studies were conducted in accordance with the
local legislation and institutional requirements. The participants
provided their written informed consent to participate in this study.

Author contributions

LY: Writing — original draft, Writing — review & editing. TZ:
Writing - original draft, Writing - review & editing. NL:
Conceptualization, Data curation, Formal analysis, Funding acquisi-
tion, Investigation, Methodology, Project administration, Resources,
Software, Supervision, Validation, Visualization, Writing — original
draft, Writing - review & editing. DJ: Conceptualization, Data cura-
tion, Formal Investigation,
Methodology, Software,
Supervision, Validation, Visualization, Writing - original draft,

analysis, Funding acquisition,

Project administration, Resources,

Writing - review & editing.

Funding

The author(s) declared that financial support was received for
this work and/or its publication. This work is supported by
Application of single-cell biomolecular analysis in the pathogen-
esis of lung cancer (cstc2022yejh-bgzxm0051), Chongqing Natural
Science Foundation for Study on the Mechanism of NRF-2
Targeting Regulation of Cell Apoptosis in COPD
(CSTB2022NSCQ-MSX0127), multi-parameter highly sensitive
electrochemiluminescence detection for accurately defining EOS-
type COPD and conducting differentiated
treatment(2026ZDXMO008), and Research and application of the
spatial imaging system for enzyme activity in lung cancer
tissues(CSTB2025TIADKPX0099).

Acknowledgments

We thank the Second Affiliated Hospital of Chongqing Medical
University for their support.

Conflict of interest
The author(s) declared that this work was conducted in the

absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that Generative AI was not used in the
creation of this manuscript.

frontiersin.org


https://doi.org/10.3389/fmed.2026.1729278
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Yang et al.

Any alternative text (alt text) provided alongside figures
in this article has been generated by Frontiers with the

support of artificial intelligence and reasonable efforts

have been made to ensure accuracy, including review by the authors
wherever possible. If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. Wang FY, Liang ZY, He WW, Chen RC. Annual research progress in chronic obstruc-
tive pulmonary disease 2024. Zhonghua Jie He He Hu Xi Za Zhi. (2025) 48:60-5. doi:
10.3760/cma.j.cn112147-20241011-00598

2. Boers E, Barrett M, Su JG, Benjafield AV, Sinha S, Kaye L, et al. Global burden of
chronic obstructive pulmonary disease through 2050. JAMA Netw Open. (2023)
6:€2346598. doi: 10.1001/jamanetworkopen.2023.46598

3. The global asthma report 2022. Int ] Tuberc Lung Dis. (2022) 26:1-104.

4. Yuan L, Tao J, Wang J, She W, Zou Y, Li R, et al. Global, regional, national burden of
asthma from 1990 to 2021, with projections of incidence to 2050: a systematic analysis of
the global burden of disease study 2021. EClinicalMedicine. (2025) 80:103051. doi:
10.1016/j.eclinm.2024.103051

5. Postma DS, Rabe KF. The asthma-COPD overlap syndrome. N Engl ] Med. (2015)
373:1241-9. doi: 10.1056/NEJMral411863

6. Milne S, Mannino D, Sin DD. Asthma-COPD overlap and chronic airflow obstruction:
definitions, management, and unanswered questions. ] Allergy Clin Immunol Pract. (2020)
8:483-95. doi: 10.1016/j.jaip.2019.10.044

7. Caspard H, Ambrose CS, Tran TN, Chipps BE, Zeiger RS. Associations between indi-
vidual characteristics and blood eosinophil counts in adults with asthma or COPD. |
Allergy Clin Immunol Pract. (2020) 8:1606-1613.el. doi: 10.1016/.jaip.2019.12.019

8. Wang S, Wang Y, Hu X, Lu L. Association between dietary inflammation index and
asthma COPD overlap. Sci Rep. (2024) 14:8077. doi: 10.1038/s41598-024-58813-1

9. Ye C, Yuan L, Wu K, Shen B, Zhu C. Association between systemic immune-inflam-
mation index and chronic obstructive pulmonary disease: a population-based study. BMC
Pulm Med. (2023) 23:295. doi: 10.1186/s12890-023-02583-5

10. Zinellu A, Paliogiannis P, Sotgiu E, Mellino S, Fois AG, Carru C, et al. Platelet count
and platelet indices in patients with stable and acute exacerbation of chronic obstructive
pulmonary disease: a systematic review and Meta-analysis. COPD. (2021) 18:231-45. doi:
10.1080/15412555.2021.1898578

11. Ulasli SS, Ozyurek BA, Yilmaz EB, Ulubay G. Mean platelet volume as an inflamma-
tory marker in acute exacerbation of chronic obstructive pulmonary disease. Pol Arch
Med Wewn. (2012) 122:284-90. doi: 10.20452/pamw.1284

12. Grommes J, Soehnlein O. Contribution of neutrophils to acute lung injury. Mol Med.
(2011) 17:293-307. doi: 10.2119/molmed.2010.00138

13. Pierce MR, Bancalari E. The role of inflammation in the pathogenesis of bronchopul-
monary dysplasia. Pediatr Pulmonol. (1995) 19:371-8.

14. McGovern TK, Chen M, Allard B, Larsson K, Martin JG, Adner M. Neutrophilic
oxidative stress mediates organic dust-induced pulmonary inflammation and airway
Hyperresponsiveness. Am ] Phys Lung Cell Mol Phys. (2016) 310:L155-65. doi: 10.1152/
ajplung.00172.2015

15. Cui SS, Shen Y, Yang RQ. Predictive value of lymphocyte-to-neutrophil ratio and
platelet-to-neutrophil ratio on PD-L1 expression in lung Cancer. Clin Respir J. (2024)
18:¢13821. doi: 10.1111/crj.13821

16. Sun H, LiY, Liu S, Pan C, Li D, Zhou X. The diagnostic value of platelet-to-neutrophil
ratio in diabetic macular edema. BMC Ophthalmol. (2025) 25:167. doi: 10.1186/
512886-025-04001-2

17. Efobi CC, Nri-Ezedi CA, Madu CS, Ikediashi CC, Ejiofor O, Ofiaeli CI. Neutrophil-
lymphocyte, platelet-neutrophil, and platelet-lymphocyte ratios as indicators of sickle cell
anaemia severity. Ethiop ] Health Sci. (2023) 33:821-30. doi: 10.4314/ejhs.v33i5.12

18. Jin P, Li X, Chen ], Zhang ZR, Hu WW, Chen LY, et al. Platelet-to-neutrophil ratio is
a prognostic marker for 90-days outcome in acute ischemic stroke. J Clin Neurosci. (2019)
63:110-5. doi: 10.1016/j.jocn.2019.01.028

19. Wang MQ, Sun YY, Wang Y, Yan XL, Jin H, Sun X, et al. Platelet-to-neutrophil ratio
after intravenous thrombolysis predicts unfavorable outcomes in acute ischemic stroke.
Curr Neurovasc Res. (2020) 17:411-9. doi: 10.2174/1567202617666200517111802

Frontiers in Medicine

12

10.3389/fmed.2026.1729278

organizations, or those of the publisher, the editors and the review-
ers. Any product that may be evaluated in this article, or claim that
may be made by its manufacturer, is not guaranteed or endorsed by
the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmed.2026.1729278/
full#supplementary-material

20. Song Q, Xu SX, Wu JZ, Ling L, Wang S, Shu XH, et al. The preoperative platelet to
neutrophil ratio and lymphocyte to monocyte ratio are superior prognostic indicators
compared with other inflammatory biomarkers in ovarian cancer. Front Immunol. (2023)
14:1177403. doi: 10.3389/fimmu.2023.1177403

21. Liao M, Liu L, Bai L, Wang R, Liu Y, Zhang L, et al. Correlation between novel inflam-
matory markers and carotid atherosclerosis: a retrospective case-control study. PLoS One.
(2024) 19:€0303869. doi: 10.1371/journal.pone.0303869

22. Ghosh N, Choudhury P, Subramani E, Saha D, Sengupta S, Joshi M, et al. Metabolomic
signatures of asthma-COPD overlap (ACO) are different from asthma and COPD.
Metabolomics. (2019) 15:87. doi: 10.1007/s11306-019-1552-z

23. Global Initiative for Asthma (GINA). Global strategy for asthma management and
prevention. (2025).

24. Global Strategy for the Diagnosis, Management and Prevention of COPD. Global
Initiative for Chronic Obstructive Lung Disease (GOLD). (2025). Available online at:
http://goldcopd.org/.

25. Woodruff PG, Van Den Berge M, Boucher RC, Brightling C, Burchard EG,
Christenson SA, et al. American Thoracic Society/National Heart, Lung, and Blood
Institute asthma—chronic obstructive pulmonary disease overlap workshop report. Am J
Respir Crit Care Med. (2017) 196:375-81. doi: 10.1164/rccm.201705-0973WS

26. GINA-GOLD diagnosis of disease of chronic airflow limitation: Asthma, COPD and
asthma-COPD overlap syndrome (ACOS). (2014).

27. Semple JW, Italiano JE Jr, Freedman J. Platelets and the immune continuum. Nat Rev
Immunol. (2011) 11:264-74. doi: 10.1038/nri2956

28. Locatelli L, Colciago A, Castiglioni S, Maier JA. Platelets in wound healing: what
happens in space? Front Bioeng Biotechnol. (2021) 9:716184. doi: 10.3389/
fbioe.2021.716184

29. Koupenova M, Clancy L, Corkrey HA, Freedman JE. Circulating platelets as media-
tors of immunity, inflammation, and thrombosis. Circ Res. (2018) 122:337-51. doi:
10.1161/CIRCRESAHA.117.310795

30. Pitchford SC, Momi S, Baglioni S, Casali L, Giannini S, Rossi R, et al. Allergen induces
the migration of platelets to lung tissue in allergic asthma. Am J Respir Crit Care Med.
(2008) 177:604-12. doi: 10.1164/rccm.200702-2140C

31. Shah SA, Kanabar V, Riffo-Vasquez Y, Mohamed Z, Cleary SJ, Corrigan C, et al.
Platelets independently recruit into asthmatic lungs and models of allergic inflammation
via CCR3. Am ] Respir Cell Mol Biol. (2021) 64:557-68. doi: 10.1165/rcmb.2020-04250C

32. Nakanishi T, Inaba M, Inagaki-Katashiba N, Tanaka A, Vien PT, Kibata K, et al.
Platelet-derived RANK ligand enhances CCL17 secretion from dendritic cells mediated
by thymic stromal lymphopoietin. Platelets. (2015) 26:425-31. doi:
10.3109/09537104.2014.920081

33. Redington AE, Madden J, Frew AJ, Djukanovic R, Roche WR, Holgate ST, et al.
Transforming growth factor-Beta 1 in asthma. Measurement in Bronchoalveolar lavage
fluid. Am J Respir Crit Care Med. (1997) 156:642-7.

34. Kardas G, Daszynska-Kardas A, Marynowski M, Brzakalska O, Kuna P, Panek M. Role
of platelet-derived growth factor (PDGF) in asthma as an Immunoregulatory factor medi-
ating airway remodeling and possible pharmacological target. Front Pharmacol. (2020)
11:47. doi: 10.3389/fphar.2020.00047

35. Lee KY, Lee KS, Park SJ, Kim SR, Min KH, Choe YH, et al. Clinical significance of
plasma and serum vascular endothelial growth factor in asthma. J Asthma. (2008)
45:735-9. doi: 10.1080/02770900802216775

36. Idzko M, Hammad H, van Nimwegen M, Kool M, Willart MA, Muskens F, et al.
Extracellular ATP triggers and maintains asthmatic airway inflammation by activating
dendritic cells. Nat Med. (2007) 13:913-9. doi: 10.1038/nm1617

37. Yamauchi K, Ogasawara M. The role of histamine in the pathophysiology of asthma
and the clinical efficacy of antihistamines in asthma therapy. Int ] Mol Sci. (2019) 20:1733.
doi: 10.3390/ijms20071733

frontiersin.org


https://doi.org/10.3389/fmed.2026.1729278
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2026.1729278/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2026.1729278/full#supplementary-material
https://doi.org/10.3760/cma.j.cn112147-20241011-00598
https://doi.org/10.1001/jamanetworkopen.2023.46598
https://doi.org/10.1016/j.eclinm.2024.103051
https://doi.org/10.1056/NEJMra1411863
https://doi.org/10.1016/j.jaip.2019.10.044
https://doi.org/10.1016/j.jaip.2019.12.019
https://doi.org/10.1038/s41598-024-58813-1
https://doi.org/10.1186/s12890-023-02583-5
https://doi.org/10.1080/15412555.2021.1898578
https://doi.org/10.20452/pamw.1284
https://doi.org/10.2119/molmed.2010.00138
https://doi.org/10.1152/ajplung.00172.2015
https://doi.org/10.1152/ajplung.00172.2015
https://doi.org/10.1111/crj.13821
https://doi.org/10.1186/s12886-025-04001-2
https://doi.org/10.1186/s12886-025-04001-2
https://doi.org/10.4314/ejhs.v33i5.12
https://doi.org/10.1016/j.jocn.2019.01.028
https://doi.org/10.2174/1567202617666200517111802
https://doi.org/10.3389/fimmu.2023.1177403
https://doi.org/10.1371/journal.pone.0303869
https://doi.org/10.1007/s11306-019-1552-z
http://goldcopd.org/
https://doi.org/10.1164/rccm.201705-0973WS
https://doi.org/10.1038/nri2956
https://doi.org/10.3389/fbioe.2021.716184
https://doi.org/10.3389/fbioe.2021.716184
https://doi.org/10.1161/CIRCRESAHA.117.310795
https://doi.org/10.1164/rccm.200702-214OC
https://doi.org/10.1165/rcmb.2020-0425OC
https://doi.org/10.3109/09537104.2014.920081
https://doi.org/10.3389/fphar.2020.00047
https://doi.org/10.1080/02770900802216775
https://doi.org/10.1038/nm1617
https://doi.org/10.3390/ijms20071733

Yang et al.

38. Durk T, Duerschmied D, Muller T, Grimm M, Reuter S, Vieira RP, et al. Production
of serotonin by tryptophan hydroxylase 1 and release via platelets contribute to allergic
airway inflammation. Am ] Respir Crit Care Med. (2013) 187:476-85. doi: 10.1164/
rccm.201208-14400C

39. Takeda T, Unno H, Morita H, Futamura K, Emi-Sugie M, Arae K, et al. Platelets
constitutively express IL-33 protein and modulate eosinophilic airway inflammation. J
Allergy Clin Immunol. (2016) 138:1395-403 e6. doi: 10.1016/j.jaci.2016.01.032

40. Kasperska-Zajac A, Brzoza Z, Rogala B. Platelet activating factor as a mediator and
therapeutic approach in bronchial asthma. Inflammation. (2008) 31:112-20. doi: 10.1007/
510753-007-9056-9

41. Palgan K, Bartuzi Z. Platelet activating factor in allergies. Int J Immunopathol
Pharmacol. (2015) 28:584-9. doi: 10.1177/0394632015600598

42. Hernandez JM, Janssen LJ. Revisiting the usefulness of thromboxane-A2 modulation
in the treatment of bronchoconstriction in asthma. Can J Physiol Pharmacol. (2015)
93:111-7. doi: 10.1139/cjpp-2014-0364

43. Quint JK, Wedzicha JA. The neutrophil in chronic obstructive pulmonary disease. J
Allergy Clin Immunol. (2007) 119:1065-71. doi: 10.1016/j.jaci.2006.12.640

44. Jasper AE, Mclver W], Sapey E, Walton GM. Understanding the role of neutrophils
in chronic inflammatory airway disease. FIO00Res. (2019) 8:557. doi: 10.12688/
f1000research.18411.1

45. Jeon Y, Lee WI, Kang SY, Kim MH. Modified complete blood count indices as predict-
ing markers of preeclampsia from gestational hypertension: neutrophil to lymphocyte
ratio, platelet to lymphocyte ratio, and platelet to neutrophil ratio. Clin Lab. (2017)
63:1897-902. doi: 10.7754/Clin.Lab.2017.170705

46. Cevikkalp E, Tagkapilioglu MO. Predictive values of hematological parameters for
determining imminent brain death: a retrospective study. Medicina (Kaunas). (2023)
59:417. doi: 10.3390/medicina59020417

47. Liu E Jin M, Zhang Z, Gao ], Wang X. Platelet-to-neutrophil ratio is related to hemor-
rhagic transformation in patients with acute cerebral infarction. Neurologist. (2022)
27:230-4. doi: 10.1097/NRL.0000000000000392

Frontiers in Medicine

13

10.3389/fmed.2026.1729278

48. Abounoori M, Pourazizi M, Bahmani Kashkouli M, Akha O, Jafari R, Movahedirad M.
Novel immunoinflammatory blood markers in graves' orbitopathy: insights into activity and
severity. BMJ Open Ophthalmol. (2024) 9:¢001744. doi: 10.1136/bmjophth-2024-001744

49. Liao W, Lin X, Liu K, Yang Y, du L, Pan J, et al. Association between platelet indices and
risk of chronic obstructive pulmonary disease: a bidirectional Mendelian randomization
study. Int ] Chron Obstruct Pulmon Dis. (2025) 20:2967-77. doi: 10.2147/COPD.S531797

50. De Castro J, Herndndez-Hernandez A, Rodriguez MC, Sardina JL, Llanillo M,
Sanchez-Yagiie J. Comparison of changes in erythrocyte and platelet phospholipid and
fatty acid composition and protein oxidation in chronic obstructive pulmonary disease
and asthma. Platelets. (2007) 18:43-51. doi: 10.1080/09537100600800776

51. Dey S, Lu W, Haug G, Chia C, Larby J, Weber HC, et al. Airway inflammatory
changes in the lungs of patients with asthma-COPD overlap (ACO): a bronchoscopy
endobronchial biopsy study. Respir Res. (2023) 24:221. doi: 10.1186/s12931-023-02527-x

52. Gava G, Nufez A, Esquinas C, Sarasate M, Loeb E, Pirina P, et al. Analysis of blood
biomarkers in patients with chronic obstructive pulmonary disease (COPD) and with
asthma-COPD overlap (ACO). COPD: ] Chron Obstruct Pulmon Dis. (2020) 17:306-10.
doi: 10.1080/15412555.2020.1761314

53. Pilaczynska-Cemel M, Golda R, Dabrowska A, Przybylski G. Analysis of the level of
selected parameters of inflammation, circulating immune complexes, and related indica-
tors (neutrophil/lymphocyte, platelet/lymphocyte, CRP/CIC) in patients with obstructive
diseases. Cent Eur ] Immunol. (2019) 44:292-8. doi: 10.5114/ceji.2019.87498

54. Liao QQ, Mo YJ, Zhu KW, Gao E, Huang B, Chen P, et al. Platelet-to-lymphocyte ratio
(PLR), neutrophil-to-lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio (MLR),
and eosinophil-to-lymphocyte ratio (ELR) as biomarkers in patients with acute exacerba-
tion of chronic obstructive pulmonary disease (AECOPD). Int ] Chron Obstruct Pulmon
Dis. (2024) 19:501-18. doi: 10.2147/COPD.S447519

55. Ke J, Qiu F, Fan W, Wei S. Associations of complete blood cell count-derived inflam-
matory biomarkers with asthma and mortality in adults: a population-based study. Front
Immunol. (2023) 14:1205687. doi: 10.3389/fimmu.2023.1205687

56. Mancuso ME, Santagostino E. Platelets: much more than bricks in a breached wall.
Br ] Haematol. (2017) 178:209-19. doi: 10.1111/bjh.14653

frontiersin.org


https://doi.org/10.3389/fmed.2026.1729278
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1164/rccm.201208-1440OC
https://doi.org/10.1164/rccm.201208-1440OC
https://doi.org/10.1016/j.jaci.2016.01.032
https://doi.org/10.1007/s10753-007-9056-9
https://doi.org/10.1007/s10753-007-9056-9
https://doi.org/10.1177/0394632015600598
https://doi.org/10.1139/cjpp-2014-0364
https://doi.org/10.1016/j.jaci.2006.12.640
https://doi.org/10.12688/f1000research.18411.1
https://doi.org/10.12688/f1000research.18411.1
https://doi.org/10.7754/Clin.Lab.2017.170705
https://doi.org/10.3390/medicina59020417
https://doi.org/10.1097/NRL.0000000000000392
https://doi.org/10.1136/bmjophth-2024-001744
https://doi.org/10.2147/COPD.S531797
https://doi.org/10.1080/09537100600800776
https://doi.org/10.1186/s12931-023-02527-x
https://doi.org/10.1080/15412555.2020.1761314
https://doi.org/10.5114/ceji.2019.87498
https://doi.org/10.2147/COPD.S447519
https://doi.org/10.3389/fimmu.2023.1205687
https://doi.org/10.1111/bjh.14653

	Association between platelet-to-neutrophil ratio and asthma–COPD overlap: a cross-sectional study in China
	1 Introduction
	2 Materials and methods
	2.1 Study design and population
	2.2 Asthma and COPD diagnosis
	2.3 ACO diagnosis
	2.4 Health participants
	2.5 Calculation of PNR index
	2.6 Statistical analysis

	3 Results
	3.1 Participant baseline characteristics
	3.2 Compare the PNR in ACO patients and HCs
	3.3 Analysis of the correlation between PNR index and ACO
	3.4 Analysis of smooth fitting curve and threshold effects
	3.5 Subgroup analyses
	3.6 The correlation analysis between PNR and COPD risk
	3.7 Predict ACO risk

	4 Discussion
	5 Conclusion

	Acknowledgments
	References

