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Abstract: Chronic Obstructive Pulmonary Disease (COPD) is a prevalent chronic respiratory disorder characterized by airway 
inflammation and irreversible airflow limitation. Its marked heterogeneity and complexity pose significant challenges to traditional 
clinical assessments in terms of prognostic prediction and personalized management. In recent years, the exploration of biomarkers has 
opened new avenues for the precise evaluation of COPD, particularly through multi-biomarker prediction models and integrative 
multimodal data strategies, which have substantially improved the accuracy and reliability of prognostic assessments. This review 
summarizes the key biomarkers associated with COPD prognosis, systematically discusses the practical applications and future 
potential of combined predictive models and multimodal data integration, and evaluates their translational value in clinical practice. 
As a narrative review, this study aims to provide a scientific foundation for the precision management of patients with COPD. 
Keywords: pulmonary disease, chronic obstructive, biomarkers, prognosis prediction

Introduction
COPD is a chronic inflammatory disease caused by prolonged exposure to toxic particles or gases, leading to damage of 
the small airways and lung parenchyma, and is associated with high morbidity and mortality rates.1 According to the 
World Health Organization (WHO), COPD has become the fourth leading cause of death globally.2 Its clinical 
heterogeneity and complexity continue to pose major challenges for long-term management and prognostic prediction, 
particularly in resource-limited settings. The Medium- and Long-term Plan for the Prevention and Treatment of Chronic 
Diseases in China (2017–2025), issued by the National Health Commission, clearly states that by 2025, the standardized 
management rate of COPD patients should exceed 60%.3 Furthermore, in 2024, China officially integrated COPD 
management into the national public health service system, highlighting the growing importance of this disease.

Studies have shown that a primary cause of in-hospital death among COPD patients may be the lack of timely and 
individualized monitoring, and that 5.2% of such deaths are potentially preventable.4 In recent years, several biomarkers 
—such as eosinophil count (EOS),5 chitinase-3-like protein 1 (CHI3L1),4 and fibrinogen (FIB)6—have been identified as 
closely associated with COPD outcomes. An increasing number of biomarkers have drawn attention for their potential to 
reduce disease heterogeneity and enable precision treatment. In particular, when combined with clinical and radiologic 
parameters, their prognostic performance significantly outperforms that of single biomarkers.6–8
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Despite the growing body of research on COPD biomarkers, their discovery and clinical implementation still face 
substantial challenges. Most biomarkers remain in the exploratory phase and have yet to be widely adopted in clinical 
practice. As a narrative review, this review summarizes key prognostic biomarkers for COPD, explores the application of 
multi-biomarker predictive models and multimodal data integration strategies, and evaluates their potential value in 
prognosis prediction and clinical translation, with the aim of providing scientific guidance for the precision management 
of COPD patients.

Prognostic Evaluation of COPD Using Biomarkers
Systemic Inflammatory Biomarkers
C-Reactive Protein
C-reactive protein (CRP) is a pentameric protein synthesized in the liver, regulated by cytokines such as interleukins and 
tumor necrosis factor during the nonspecific immune response. It serves as a sensitive marker of inflammatory diseases 
and shows significantly elevated levels during acute exacerbations of COPD (AECOPD). A meta-analysis demonstrated 
that the mean CRP levels in patients with bacterial AECOPD were significantly higher than those in patients with non- 
bacterial AECOPD, with moderate quality of evidence.9 Moreover, a recent case-control study found that patients with 
CRP levels ≥5 mg/L had a 1.6-fold increased risk of experiencing AECOPD compared to those with lower CRP levels, 
and this association remained significant after adjusting for potential confounding factors.10

Procalcitonin
Procalcitonin (PCT) is a precursor protein initially synthesized by thyroid C cells and then cleaved by endopeptidase to 
be converted into procalcitonin. It is mainly responsible for processes such as serum calcium regulation. The level of 
PCT in the peripheral blood of healthy individuals is generally lower than 0.05ng/mL, and its level is significantly 
increased in bacterial infections, especially sepsis.11 A study of 204 inpatients with AECOPD showed that the PCT level 
of patients with bacterial infection was higher than that of the non-bacterial infection group, and the optimal cut-off value 
of PCT was established as 0.08 ng/mL, with a sensitivity of 81% and a specificity of 67% (AUC=0.794).12 Furthermore, 
the study found that the average PCT level of patients with AECOPD (0.06 ± 0.07 ng/mL) was significantly higher than 
that of patients with stable COPD (0.04 ± 0.02 ng/mL), P < 0.05. The neutrophil levels of AECOPD patients involved in 
this study were much higher than those of patients with stable COPD (81.11 ± 14.90 vs 61.80 ± 9.95), suggesting 
bacterial infection.10 This further proves the important role of PCT in differentiating acute exacerbation of COPD, which 
is often a bacterial infection process.

Interleukin-6
Interleukin-6 (IL-6) is a cytokine produced by various lymphoid and non-lymphoid cells. It regulates inflammatory and immune 
responses by activating Janus kinase (JAK), which in turn triggers downstream signaling pathways such as JAK-STAT, MAPK, 
and PI3K-AKT.13 IL-6 has been associated with lung function decline and tissue remodeling in COPD. It has been shown to 
correlate significantly with disease severity, frequency of acute exacerbations, and mortality in long-term follow-up studies of 
COPD patients.9 A study by Bradford et al found that IL-6 levels were positively correlated with emphysema progression and the 
rate of FEV₁ decline in COPD patients (P < 0.05).14 IL-6 also inhibits lipoprotein lipase activity, and elevated IL-6 levels have 
been linked to malnutrition and reduced muscle strength in COPD patients (P = 0.002).15

Tumor Necrosis Factor-Alpha
Tumor necrosis factor-alpha (TNF-α) is a multifunctional cytokine primarily synthesized by monocytes. It activates 
neutrophils and monocytes to produce pro-inflammatory mediators and plays a critical role in airway remodeling and 
lung function decline in patients with COPD. Meta-analyses have shown that TNF-α levels are significantly elevated in 
patients with AECOPD, particularly in the presence of bacterial infections, making it an important marker for assessing 
disease severity in AECOPD.9 Compared to healthy controls, TNF-α levels were significantly elevated in both exacer
bation and stable phases of COPD (11.43 ± 11.91 vs 5.99 ± 5.29, P = 0.034; 14.87 ± 36.03 vs 5.99 ± 5.29, P = 0.033).16
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Transforming Growth Factor-Beta
Transforming growth factor-beta (TGF-β) plays a pivotal role in airway remodeling and fibrosis by phosphorylating 
downstream Smad2 and Smad3, thereby activating the Smad signaling pathway. This cascade influences apoptosis, 
extracellular matrix (ECM) deposition, and epithelial-mesenchymal transition (EMT). Studies have shown that TGF-β 
can promote the EMT process by activating gene expression via the Smad pathway, thus enhancing fibrosis—a 
phenomenon particularly evident in the airways of COPD patients and recognized as one of the main contributors to 
airway remodeling and alveolar wall destruction.17 In addition, while TGF-β facilitates tissue repair in the early stages of 
disease, chronic exposure to environmental factors such as cigarette smoke may dysregulate TGF-β signaling, leading to 
aberrant tissue remodeling and accelerating COPD progression. This highlights the dual role of TGF-β in the develop
ment of smoking-related COPD.18

Inflammatory Cell-Associated Biomarkers
Eosinophil Count
Eosinophils are innate immune cells derived from hematopoietic stem cells in the bone marrow. Under inflammatory 
stimulation, they infiltrate the airways and promote the sustained release of cytokines and cytotoxic substances, 
contributing to persistent inflammation and tissue damage. Their count may hold significant clinical value in the 
progression of COPD. Bartziokas et al found that COPD patients blood eosinophil counts (EOS) below 150 k/μL had 
more severe conditions at admission and significantly longer hospital stays (P<0.001), and this threshold could 
independently predict the need for Non-invasive Ventilation (NIV) during hospitalization.8 Furthermore, Yeon-Mok 
Oh et al found that patients with EOS%<2% and absolute value <100/μL had longer hospital stays, increased mechanical 
ventilation rates, inflammatory indicators, and the combined rate of pulmonary hypertension (all P<0.05).5 However, 
Vedel-Krogh et al19 found that the risk of severe acute exacerbation in COPD patients with EOS≥0.34×109/L increased 
by 1.76 times (95%, 1.56–1.99). High EOS level was an independent predictor of future disease deterioration (adjusted 
OR=1.54, 95% CI 1.22–1.94).20 The cohort study by Singh et al21 demonstrated that 37% of COPD patients with 
persistent EOS≥2% had increased responsiveness to corticosteroids. Eosinophil count greater than 0·10 × 109 cells /L can 
be used as an independent predictor of the response to disease deterioration alleviated by budesonide - formoterol 
treatment (p=0.013), and as a feature for predicting the clinical response of COPD to ICS to guide medication.22

This apparent contradiction reflects divergent pathophysiological mechanisms in COPD endotypes: The low-EOS 
phenotype is driven by neutrophil-mediated irreversible parenchymal destruction (eg, emphysematous remodeling/pulmonary 
fibrosis), correlating with poor hospitalization outcomes. Conversely, the high-EOS phenotype demonstrates corticosteroid- 
responsive airway inflammation mediated, exhibiting higher exacerbation susceptibility but favorable ICS responsiveness. 
Consequently, therapeutic strategies should be phenotype-specific: low EOS indicates the need to pay attention to the 
management of structural complications (such as anti-fibrosis), while high EOS is suitable for glucocorticoid treatment.

Neutrophil-to-Lymphocyte Ratio (NLR)
The neutrophil-to-lymphocyte ratio (NLR) is an indicator of immune dysregulation under stress conditions and plays 
a critical role in evaluating inflammatory status and predicting disease prognosis. A study by Eraslan et al found that 
NLR was significantly associated with clinical outcomes in COPD patients, including length of hospital stay, duration of 
mechanical ventilation, and ICU stay.23 Research has shown that an NLR above the threshold of 7.97 is strongly 
correlated with increased nutritional risk and disease severity (P < 0.001).24 A case-control study involving 533 
AECOPD patients demonstrated that a high NLR value (≥5.5) had good sensitivity and specificity for predicting 28- 
day mortality (AUC = 0.778), suggesting that NLR may serve as an effective prognostic marker in COPD.25

Platelet-to-Lymphocyte Ratio
The platelet-to-lymphocyte ratio (PLR) is considered a novel marker of systemic inflammatory diseases. During stress, increased 
cortisol secretion leads to a transient rise in platelet count and a temporary decrease in lymphocyte count; thus, changes in PLR 
can comprehensively reflect the activation of the inflammatory response. Studies have shown that PLR levels are significantly 
elevated during AECOPD and positively correlate with disease severity and length of hospital stay (P = 0.009).25 Both stable and 
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exacerbation-phase COPD patients exhibit significantly higher PLR values compared to non-COPD individuals (WMD: 59.52, 
95% CI: 29.59–89.44; WMD: 46.03, 95% CI: 7.70–84.35).26 Logistic regression analysis has identified PLR, NLR, and 
APACHE II scores as independent prognostic risk factors in COPD patients with respiratory failure.27 Another case-control 
study reported that PLR in ICU-admitted COPD patients was significantly associated with hospital stay duration, mechanical 
ventilation time, and ICU length of stay, and showed strong predictive value for 30-day mortality (P < 0.001).23

Monocyte-to-Lymphocyte Ratio and Lymphocyte-to-Monocyte Ratio
The monocyte-to-lymphocyte ratio (MLR) is a composite indicator that has demonstrated significant value in predicting 
systemic diseases such as cancer and immune disorders, offering a more dynamic reflection of inflammatory status than 
single-cell counts. A study by Long et al found that MLR levels were significantly higher in the AECOPD group 
compared to healthy controls.28 Moreover, Hosseninia et al showed through Kaplan–Meier survival analysis that higher 
MLR values in COPD patients were associated with lower survival rates (HR: 2.022, 95% CI: 1.030–3.968),29 suggesting 
the potential of MLR in staging and prognostic assessment.

The lymphocyte-to-monocyte ratio (LMR) is considered an important parameter for nutritional evaluation. In COPD 
patients, a reduced LMR is generally indicative of an increased risk of malnutrition. Studies have shown that when LMR 
exceeds the critical threshold of 2.60, it is closely associated with immune function, disease severity, and prognosis.24

AISI, SII, and SIRI Indices
The Aggregate Index of Systemic Inflammation (AISI; AISI = neutrophils × platelets × monocytes / lymphocytes) is 
a novel marker that provides a comprehensive evaluation of systemic inflammatory status by integrating both inflam
matory and immune mechanisms. Studies have shown that in COPD patients with concurrent COVID-19 infection, 
higher AISI levels at admission are associated with significantly lower survival rates (HR: 2.010, 95% CI: 
1.048–3.855),29 indicating its important role in predicting mortality risk in this subgroup.

The Systemic Immune Inflammation Index (SII; SII = neutrophil count × platelet count × monocyte count / lymphocyte 
count) is an emerging biomarker for assessing airway immune-inflammatory responses in COPD. A cross-sectional study 
involving 16,636 participants revealed that higher SII levels were positively associated with both COPD risk and all-cause 
mortality, and that SII outperformed traditional markers such as NLR and PLR in predicting COPD risk.30 Furthermore, SII 
was inversely correlated with lung function, further supporting its value in evaluating COPD severity.31

The Systemic Inflammatory Response Index (SIRI; SIRI = monocytes × neutrophils / lymphocytes) reflects the 
systemic inflammatory burden during COPD progression. SIRI levels may increase as a result of reactive oxygen species 
(ROS)-induced activation of inflammatory pathways and recruitment of immune cells. Studies have found that SIRI has 
strong predictive power for COPD exacerbation, second only to PLR.32 Additionally, among COPD patients with 
COVID-19 co-infection, those with higher SIRI values faced a significantly increased risk of mortality (P < 0.05).29

HALP Score
The Hemoglobin, Albumin, Lymphocyte, and Platelet (HALP) score is an integrated marker reflecting systemic 
inflammation and nutritional status, which was defined as follow: HALP = Hemoglobin (g/L) × Albumin (g/L) × 
Lymphocytes (/L) / Platelets (/L). It has been widely used in the prognosis and prediction of various cancers since it was 
proposed in 2015,33 and recent studies have highlighted its relevance to the prognosis of COPD patients as well. 
A retrospective cohort study by Han et al found that in AECOPD patients admitted to the ICU through the emergency 
department—particularly those who were obese and had lower APACHE II scores—a low HALP score (HALP<18.5) 
was significantly associated with an increased risk of ICU mortality (HR: 1.69, 95% CI: 1.14–2.53), after the combined 
APACHE II score, the AUC rose from 0.72 to 0.88.34 Another study showed that the HALP score demonstrated high 
predictive accuracy for ICU outcomes in AECOPD patients with respiratory failure (AUC = 0.994), the HALP score of 
the 18 death cases (31.42 ± 4.67) was much lower than that of the 50 control cases (67.72 ± 12.39) (P < 0.05), supporting 
its utility in guiding clinical assessment of treatment efficacy.35 The calculation of HALP may be recommended as a new 
simple method and supplement to predict the survival outcome of patients with AECOPD.
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Metabolism-Related Biomarkers
Creatinine, Cystatin C, and the Cr/CysC Ratio
Creatinine (Cr) is a metabolic byproduct of muscle activity and is not only closely related to renal function but also significantly 
associated with sarcopenia. Afzal et al suggested that muscle mass may be a stronger predictor of mortality in COPD patients 
than body mass index (BMI), and that pre-admission Cr levels could predict 1-year post-admission mortality risk.36

Cystatin C (CysC), a cysteine protease inhibitor expressed in all nucleated cells, serves as a sensitive marker of renal 
function. Elevated levels of CysC (≥1.59 mg/L) have been significantly associated with all-cause mortality and increased 
cardiovascular risk in COPD patients.37

The Cr/CysC ratio is closely linked to muscle mass. COPD patients with a low Cr/CysC ratio (<0.71) tend to have 
reduced handgrip strength, poorer lung function, and a higher frequency of acute exacerbations. Additionally, they 
exhibit significantly higher overall mortality compared to those with higher ratios.38 A low Cr/CysC ratio may indicate 
dyspnea and functional impairment in COPD patients and can serve as an effective marker for identifying high-risk 
individuals during exacerbation episodes.39

Chloride Ion
Chloride ion (Cl−) is the second most abundant electrolyte in serum and plays a critical role in maintaining electrolyte 
and acid–base balance. In recent years, its potential impact on COPD prognosis has received increasing attention. One 
study found that low Cl− levels were significantly associated with disease severity in AECOPD patients, and Cl− was 
identified as an independent predictor of COPD prognosis (P = 0.002).40

Furthermore, a retrospective cohort study based on the MIMIC-IV database revealed that critically ill COPD patients 
with higher Cl− levels had significantly lower all-cause mortality at both 90 and 365 days (P < 0.05). Further analysis 
indicated an L-shaped relationship between Cl− levels and mortality risk, suggesting that elevated Cl− levels may be 
associated with improved long-term survival in COPD patients.41

Cholinesterase
Cholinesterase (ChE) primarily functions to hydrolyze acetylcholine in the body and also plays a role in chronic airway 
inflammation and oxidative/antioxidant imbalance. Its reduction often parallels hepatic dysfunction. Retrospective studies 
have identified low serum ChE levels (≤4323 U/L) as an independent risk factor for in-hospital mortality in COPD patients.42

ChE levels are closely associated with clinical outcomes in AECOPD patients. Specifically, a ChE level ≤4116 U/L 
significantly increases the risk of requiring non-invasive ventilation (P = 0.002).43 Moreover, further research has shown 
that low ChE levels are significantly associated with hypercapnia, hypoxemia, and prolonged hospital stays in AECOPD 
patients, highlighting its importance in the clinical assessment of disease severity.43

Lung Injury and Tissue Repair-Related Proteins
Tyrosine-Lysine-Leucine-40
Chitinase-3-like protein 1 (CHI3L1), also known as Tyrosine-Lysine-Leucine-40 (YKL-40), is a member of the glycoside 
hydrolase family 18. It plays a role in various biological processes—including oxidative stress regulation, apoptosis, and 
Th1/Th2 inflammatory balance—and has emerged as an important biomarker in the diagnosis and prognostic assessment 
of multiple inflammatory diseases. A study by Holmgaard et al found that elevated plasma levels of YKL-40 were 
significantly associated with increased mortality risk (HR: 1.38, 95% CI: 1.11–1.72, P = 0.004), identifying it as an 
independent predictor of mortality in COPD patients.7

In addition, YKL-40 has been shown to correlate significantly with hypoxemia and disease severity in COPD (P = 0.005).44 

Serum YKL-40 levels in patients with severe COPD were positively associated with leukocyte count and NLR, suggesting a key 
role for YKL-40 in COPD-related inflammation and immune dysregulation.45

Pulmonary Surfactant-Associated Protein D and Pulmonary Surfactant-Associated Protein A
Pulmonary surfactant-associated protein D (SP-D) is a pattern recognition receptor primarily secreted by alveolar type II 
epithelial cells. It exhibits immunomodulatory and antiviral properties. Surfactant protein A (SP-A), a hydrophilic 
member of the C-type lectin family, also contributes to innate immune defense in the alveoli. Studies have shown that 
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serum SP-D levels in COPD patients are closely associated with disease severity. During acute exacerbations, elevated 
SP-D levels are negatively correlated with pulmonary function parameters (FVC, FEV₁) and positively correlated with 
hospital stay duration, complications, and the need for mechanical ventilation.46

Similarly, serum SP-A levels are significantly associated with COPD staging (P < 0.001), suggesting that SP-A may 
reflect disease progression in COPD patients.47

Epigenetic-Related Biomarkers
Long Noncoding RNA
Long noncoding RNAs (lncRNAs) are involved in the regulation of chromatin structure, transcription, and post- 
transcriptional processes. Dysregulation of their expression is closely associated with the onset and progression of 
COPD, making them key prognostic and diagnostic biomarkers. Studies have shown that elevated expression of lncRNAs 
such as MALAT1 and HOTAIR in COPD patients is associated with poorer outcomes, as these molecules contribute to 
disease pathogenesis by modulating inflammatory responses, oxidative stress, and airway remodeling.48

Research by Tokgun et al and Zhang et al further demonstrated that MALAT1, HOTAIR, and GAS5—owing to their 
tissue-specific expression and stability in biological fluids—hold significant potential for predicting disease progression 
and prognosis in COPD.49,50

Circular RNA
Circular RNAs (circRNAs) are a class of noncoding RNAs characterized by a covalently closed loop structure formed 
through back-splicing of precursor mRNA. They are involved in the regulation of NLRP3 inflammasome activation, 
apoptosis, and oxidative stress. Studies have demonstrated that circRNAs are abnormally expressed in the blood and lung 
tissues of COPD patients, and are closely associated with inflammatory responses and airway remodeling.51

Chen et al found that circRNA0001859 was downregulated in both COPD and AECOPD patients, with areas under 
the ROC curve (AUC) of 0.7433 and 0.8717, respectively, indicating its strong diagnostic potential.52 Moreover, recent 
research has shown that circTMEM30A is most highly expressed in patients with COPD complicated by lung cancer, 
suggesting it may serve as a potential predictive biomarker for the coexistence of COPD and lung cancer.53

MicroRNA
MicroRNAs (miRNAs) are a class of endogenous small noncoding RNA molecules. Their dysregulation contributes to COPD 
pathogenesis by modulating key signaling pathways, including Notch, NF-κB, and Wnt/β-catenin.54 Chen et al found that 
miR-146a and miR-146b were significantly downregulated in AECOPD patients and exhibited strong diagnostic potential in 
predicting the risk of AECOPD in healthy individuals, with AUCs of 0.702 and 0.715, respectively.55

MiR-132 is upregulated in the peripheral blood of COPD patients and is negatively correlated with the FEV₁/FVC 
ratio. It promotes the release of inflammatory cytokines by suppressing the expression of SOCS5.56 Moreover, extra
cellular vesicles (EVs), including exosomes, participate in intercellular communication by delivering proteins, lipids, and 
miRNAs. Notably, exosomal miR-21 levels are negatively correlated with lung function (FEV₁/FVC%) in COPD 
patients, highlighting the potential of exosomal miRNAs as biomarkers for COPD.57

The Role of Combined Biomarker Prediction in COPD Prognosis
COPD is a complex chronic inflammatory airway disease resulting from multifactorial and multistep interactions. These 
factors are interrelated, making it difficult for a single parameter to achieve optimal predictive outcomes. A combination 
of multiple biomarkers, or their integration with clinical and imaging indicators, may provide superior prognostic value 
compared to the use of individual biomarkers alone.

Although single inflammatory markers have limited predictive power, indicators such as C-reactive protein (CRP), 
fibrinogen (FIB), and white blood cell count (WBC) are often used together for COPD prognosis. One study proposed that 
CRP, FIB, and WBC could be utilized as a composite tool to assess AECOPD risk.6 Agustí et al found that patients with 
persistent elevation in at least two inflammatory biomarkers (WBC, CRP, IL-6, and TNF-α) had a significantly higher annual 
rate of AECOPD compared to those without such elevation (P < 0.001).58 Similarly, Thomsen et al observed that COPD 
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patients with simultaneous elevations in three biomarkers (CRP, FIB, and WBC) had nearly threefold higher absolute risk of 
frequent exacerbations over five years compared to those with normal levels (62% vs 24%).59 The combined use of TNF-α 
with other inflammatory markers has also been shown to significantly enhance prognostic accuracy. For instance, co-detection 
of TNF-α and IL-6 significantly improves sensitivity and specificity in predicting exacerbation risk, enabling better identifica
tion of high-risk patients and refinement of personalized treatment strategies.60 The addition of other inflammatory markers 
such as IL-8 and FIB may further enhance the accuracy of risk assessment in COPD patients.61 TGF-β, beyond its role as 
a profibrotic factor, interacts synergistically with other pro-inflammatory cytokines to influence COPD prognosis. One study 
showed that the combination of TGF-β and IL-6 enhanced the activation of inflammatory signaling pathways and promoted 
EMT via Smad signaling, playing a key role in airway remodeling in COPD patients.17 Additionally, TNF-α may accelerate 
ECM deposition, thereby intensifying fibrosis and airway remodeling. The combined assessment of TGF-β and TNF-α has 
been shown to improve the ability to predict COPD progression.62 During AECOPD episodes, PLR combined with other 
inflammatory markers also demonstrates strong predictive efficacy. For example, while the AUC of PLR alone in predicting 
28-day mortality in AECOPD is 0.75, it increases to 0.857 when combined with NLR and CRP, significantly enhancing 
predictive power. Further integration with APACHE II scores and CRP improves the prediction of hospital stay and 
mortality.25,63 The Cr/CysC ratio, as a marker for sarcopenia in COPD patients, offers a more comprehensive prognostic 
perspective when used alongside other clinical indicators. Hirai et al reported that patients with a low Cr/CysC ratio (<0.71) 
were at higher risk of acute exacerbation. When combined with pulmonary function indices (FEV₁, FVC) and BMI, it 
provided more accurate prognostic evaluation.38

The Role of Multimodal Evaluation Strategies in COPD Prognosis
With continuous advancements in biomedical technology, researchers are now able to acquire multidimensional data 
across various modalities for a single disease, including mRNA expression, DNA methylation, microRNA (miRNA) 
expression, physiological and biochemical data, computed tomography (CT) imaging, and whole-slide imaging (WSI) 
data. While unimodal data capture only partial aspects of biological complexity, the integration of multimodal data 
enables a more comprehensive understanding of underlying biological processes. As a highly complex and information- 
rich system, the human body serves as a natural database encompassing diverse dimensions of medical data. Multimodal 
learning, which mimics the brain’s ability to process multisource inputs and make rational decisions, has been widely 
demonstrated to perform at levels comparable to—or even exceeding—those of human experts in clinical decision 
support systems, offering critical technological support for modern medicine.64 Liu Zhuo et al developed an auxiliary 
diagnostic model for infectious respiratory diseases based on multimodal deep feature fusion. The model integrates high- 
throughput genomic data, clinical manifestations, laboratory test results, and imaging data. By designing an optimized 
algorithm to address data imbalance and missing values, and using unsupervised learning to extract shared features across 
modalities, the system combines a knowledge graph to enhance semantic correlations within the model. This approach 
achieves end-to-end disease prediction, offering a novel method for the precise diagnosis of infectious respiratory 
diseases.64 Xie et al proposed a Transformer-based multimodal data fusion framework that integrates graph neural 
networks and 3D convolutional neural networks to process physiological-biochemical data and lung CT images. By 
employing low-rank multimodal fusion and cross-modal Transformer architectures, the model enhances complementarity 
across modalities. It demonstrated superior performance in COPD classification tasks and identified key indicators such 
as BMI, APTT, body weight, and albumin, thereby providing a new direction for multimodal data processing and disease 
classification.65 Kumar et al designed an innovative multimodal framework for early diagnosis and classification of 
COPD using CT scan images combined with lung sound and cough samples. The framework extracts texture, histogram 
intensity, chromaticity, MFCC features, and Gaussian scale-space features from both CT and audio samples. Through 
unsupervised learning, it selects discriminative features, and applies a customized ensemble learning method for early 
COPD classification and severity assessment. Experimental results showed high accuracy for the multimodal fusion 
model (97.50%), the CT-based model (98%), and the cough-sample model (95.30%). Compared with existing methods, 
this framework demonstrated significant advantages in early diagnostic accuracy.66
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Table 1 Summary of Prognostic Biomarkers Related to COPD

Biomarkers Acute 
Exacerbation

Severity Length of 
Hospital Stay

ICU Stay 
Duration

Ventilation 
Duration

Bacterial 
Infection

Respiratory 
Failure

Hypoxemia Mortality 
Rate

Pulmonary 
Function

Emphysema Malnutrition Muscle 
Weakness

Systemic Inflammatory 
Biomarkers

CRP √ √

PCT √ √

IL-6 √ √ √ √ √ √ √

TNF-α √ √

TGF-β Dual effect: early repair, long-term pathological remodeling

Inflammatory Cell-Associated 
Biomarkers

EOS √ √ √

NLR √ √ √ √ √ √

PLR √ √ √ √ √ √

MLR √ √

LMR √ √

AISI √

SII √ √

SIRI √ √

HALP √ √

Metabolism-Related 
Biomarkers

Cr √

CysC √

Cr/CysC √ √ √ √

Cl- √ √

ChE √ √ √ √

Lung Injury and Tissue Repair- 
Related Proteins

YKL-40 √ √ √

SP-D √ √ √ √

Epigenetic-Related 
Biomarkers

LncRNA Inflammation, oxidative stress and airway remodeling regulation

CircRNA √

MiRNA √ √
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Conclusion
This review summarizes key prognostic biomarkers for COPD (Table 1), including inflammatory markers, inflammatory 
cell-associated biomarkers, metabolic indicators, proteins related to lung injury and tissue repair, and epigenetic 
biomarkers. Their potential value in predicting the disease course of COPD has been thoroughly explored. Although 
the predictive ability of individual biomarkers is limited, combining multiple biomarkers—or integrating them with 
clinical and imaging data—can substantially improve the accuracy of prognostic assessments. Such multimodal data 
integration strategies pave the way for precision evaluation and personalized management of COPD.

GOLD guide has been proposed, A blood eosinophil count (EOS) of ≥300 cells/μL can be regarded as part of guiding the 
medication management of patients with AECOPD using inhaled glucocorticoids (ICS) combined with long-acting bronch
odilators (LABA/LAMA). The “Chinese Guidelines for Primary Care, Diagnosis and Management of Chronic Obstructive 
Pulmonary Disease (2024)” also mentions that biomarkers play a significant role in the management of COPD, especially in 
the diagnosis and prognosis assessment during the acute exacerbation period. Biomarkers such as CRP and procalcitonin 
(PCT) can be used to assist in the examination and assessment of inflammation levels. Nonetheless, current research and 
clinical application of COPD biomarkers still face several challenges. Most of COPD biomarkers are based only on existing 
studies and have not been verified in large-scale multicenter studies, and issues related to data standardization and clinical 
translation remain to be addressed. Future research should focus on the following areas: (1) Strengthening clinical validation to 
ensure biomarker stability and reproducibility; (2) Exploring novel biomarkers and their synergistic potential with existing 
clinical indicators to enhance early diagnosis, risk stratification, and treatment response evaluation; (3) Developing multi
modal assessment strategies that integrate genomics, imaging, and clinical data to further refine prognostic precision in COPD.

In conclusion, biomarker research in COPD not only deepens our understanding of disease mechanisms but also 
offers practical technological support for precision medicine. By optimizing biomarker selection and multimodal 
integration approaches, there is promising potential to improve prognostic evaluation frameworks and advance the 
development of personalized care in COPD management.

Acknowledgments
This study was supported by the following funding sources: the Major Joint Research Project of the Gansu Provincial 
Science and Technology Program (24JRRA934); the Intramural Research Fund of the First Hospital of Lanzhou 
University (ldyyyn2023-93); the Cuiying Scientific and Technological Innovation Program – Clinical Leading-edge 
Technology Research Project of the Second Hospital of Lanzhou University (CY2023-BJ-04); and the Student 
Innovation and Entrepreneurship Program of Lanzhou University (20240060064).

Disclosure
The authors report no conflicts of interest in this work.

References
1. Raherison C, Girodet PO. Epidemiology of COPD. Eur Respir Rev. 2009;18(114):213–221. doi:10.1183/09059180.00003609
2. AMEYAW EK, GBD 2021 Causes of Death Collaborators. Global burden of 288 causes of death and life expectancy decomposition in 204 countries 

and territories and 811 subnational locations, 1990-2021: a systematic analysis for the global burden of disease study 2021. Lancet. 2024;403 
(10440):2100–2132. doi:10.1016/S0140-6736(24)00367-2

3. state council of the People’s Republic of China. medium-to-long term plan for the prevention and treatment of chronic diseases in China 
(2017–2025). Chin J Pract Rural Dr. 2017;24(11):6–11.

4. Hogan H, Healey F, Neale G, Thomson R, Vincent C, Black N. Preventable deaths due to problems in care in English acute hospitals: a retrospective 
case record review study. BMJ Qual Saf. 2012;21(9):737–745. doi:10.1136/bmjqs-2011-001159

5. Oh YM, Lee KS, Hong Y, et al. Blood eosinophil count as a prognostic biomarker in COPD. Int J Chronic Obstr. 2018;13:3589–3596. doi:10.2147/ 
COPD.S179734

6. Ellingsen J, Janson C, Bröms K, et al. CRP, fibrinogen, white blood cells, and blood cell indices as prognostic biomarkers of future COPD 
exacerbation frequency: the TIE cohort study. J Clin Med. 2024;13(13):3855. doi:10.3390/jcm13133855

7. Holmgaard DB, Mygind LH, Titlestad IL, et al. Plasma YKL-40 and all-cause mortality in patients with chronic obstructive pulmonary disease. Bmc 
Pulm Med. 2013;13:77. doi:10.1186/1471-2466-13-77

International Journal of Chronic Obstructive Pulmonary Disease 2025:20                                                https://doi.org/10.2147/COPD.S531935                                                                                                                                                                                                                                                                                                                                                                                                   3131

Xu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1183/09059180.00003609
https://doi.org/10.1016/S0140-6736(24)00367-2
https://doi.org/10.1136/bmjqs-2011-001159
https://doi.org/10.2147/COPD.S179734
https://doi.org/10.2147/COPD.S179734
https://doi.org/10.3390/jcm13133855
https://doi.org/10.1186/1471-2466-13-77


8. Bartziokas K, Papathanasiou E, Papaioannou AI, et al. Eosinopenia as a prognostic biomarker for noninvasive ventilation use in COPD 
exacerbations. J Pers Med. 2023;13(4):686. doi:10.3390/jpm13040686

9. Hoult G, Gillespie D, Wilkinson T, Thomas M, Francis NA. Biomarkers to guide the use of antibiotics for acute exacerbations of COPD 
(AECOPD): a systematic review and meta-analysis. Bmc Pulm Med. 2022;22(1):194. doi:10.1186/s12890-022-01958-4

10. Zheng LL, Wang S, Li ZG, et al. Correlation of coagulation dysfunction with infection and hypercapnia in acute exacerbation of COPD patients. 
Infect Drug Resist. 2023;16:5387–5394. doi:10.2147/IDR.S421925

11. Infectious Diseases Society of China. Expert consensus on procalcitonin guiding the rational clinical application of antibacterial drugs. Chinese 
Med J. 2020;100(36):2813–2821. doi:10.3760/cma.j.cn112137-20200714-02112

12. Ye YP, Zhao H, Kang T, et al. Optimal cut-off value of serum procalcitonin in predicting bacterial infection induced acute exacerbation in chronic 
obstructive pulmonary disease: a prospective observational study. Chron Resp Dis. 2022;19:14799731221108516. doi:10.1177/14799731221108516

13. Scheller J, Chalaris A, Schmidt-Arras D, Rose-John S. The pro- and anti-inflammatory properties of the cytokine interleukin-6. Biochim Biophys 
Acta. 2011;1813(5):878–888. doi:10.1016/j.bbamcr.2011.01.034

14. Bradford E, Jacobson S, Varasteh J, et al. The value of blood cytokines and chemokines in assessing COPD. Resp Res. 2017;18(1):180. 
doi:10.1186/s12931-017-0662-2

15. Byun MK, Cho EN, Chang J, Ahn CM, Kim HJ. Sarcopenia correlates with systemic inflammation in COPD. Int J Chronic Obstr. 
2017;12:669–675. doi:10.2147/COPD.S130790

16. Karadag F, Karul AB, Cildag O, Yilmaz M, Ozcan H. Biomarkers of systemic inflammation in stable and exacerbation phases of COPD. Lung. 
2008;186(6):403–409. doi:10.1007/s00408-008-9106-6

17. Kraik K, Tota M, Laska J, et al. The role of transforming growth factor-beta (TGF-beta) in asthma and Chronic Obstructive Pulmonary Disease 
(COPD). Cells-Basel. 2024;13(15). doi:10.3390/cells13151271

18. Brake SJ, Lu W, Chia C, et al. Transforming growth factor-beta1 and SMAD signalling pathway in the small airways of smokers and patients with COPD: 
potential role in driving fibrotic type-2 epithelial mesenchymal transition. Front Immunol. 2023;14:1216506. doi:10.3389/fimmu.2023.1216506

19. Vedel-Krogh S, Nielsen SF, Lange P, Vestbo J, Nordestgaard BG. Blood eosinophils and exacerbations in chronic obstructive pulmonary disease. 
The Copenhagen General Population Study. Am J Resp Crit Care. 2016;193(9):965–974. doi:10.1164/rccm.201509-1869OC

20. Zeiger RS, Tran TN, Butler RK, et al. Relationship of blood eosinophil count to exacerbations in chronic obstructive pulmonary disease. J Aller Cl 
Imm. 2018;6(3):944–954.e5. doi:10.1016/j.jaip.2017.10.004

21. Singh D, Kolsum U, Brightling CE, Locantore N, Agusti A, Tal-Singer R. Eosinophilic inflammation in COPD: prevalence and clinical 
characteristics. Eur Respir J. 2014;44(6):1697–1700. doi:10.1183/09031936.00162414

22. Bafadhel M, Peterson S, De Blas MA, et al. Predictors of exacerbation risk and response to budesonide in patients with chronic obstructive 
pulmonary disease: a post-hoc analysis of three randomised trials. Lancet Resp Med. 2018;6(2):117–126. doi:10.1016/S2213-2600(18)30006-7

23. Eraslan DG, Cirik MO. Are neutrophil-lymphocyte, platelet-lymphocyte, and monocyte-lymphocyte ratios prognostic indicators in patients with 
chronic obstructive pulmonary disease in intensive care units? Cureus J Med Sci. 2022;14(3):e23499. doi:10.7759/cureus.23499

24. Baldemir R, Cirik MO. Practical parameters that can be used for nutritional assessment in patients hospitalized in the intensive care unit with the 
diagnosis of chronic obstructive pulmonary disease: prognostic nutritional index, neutrophil-to-lymphocyte, platelet-to-lymphocyte, and 
lymphocyte-to-monocyte ratio. Medicine. 2022;101(24):e29433. doi:10.1097/MD.0000000000029433

25. Luo Z, Zhang W, Chen L, Xu N. Prognostic value of neutrophil: lymphocyte and platelet: lymphocyte ratios for 28-day mortality of patients with 
AECOPD. Int J Gen Med. 2021;14:2839–2848. doi:10.2147/IJGM.S312045

26. Zinellu A, Paliogiannis P, Sotgiu E, 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(2):231–245. doi:10.1080/15412555.2021.1898578

27. Zhang S, Sun P. Correlations of platelet-to-lymphocyte ratio, neutrophil-to-lymphocyte ratio and acute physiology, and chronic health evaluation II 
score with prognosis of elderly patients with chronic obstructive pulmonary disease and respiratory failure. Am J Transl Res. 2024;16 
(8):3751–3758. doi:10.62347/ENAP1762

28. Long J, Ouyang Y, Duan H, et al. Multiple factor analysis of depression and/or anxiety in patients with acute exacerbation chronic obstructive 
pulmonary disease. Int J Chronic Obstr. 2020;15:1449–1464. doi:10.2147/COPD.S245842

29. Hosseninia S, Ghobadi H, Garjani K, Hosseini S, Aslani MR. Aggregate index of systemic inflammation (AISI) in admission as a reliable predictor 
of mortality in COPD patients with COVID-19. Bmc Pulm Med. 2023;23(1):107. doi:10.1186/s12890-023-02397-5

30. Ye C, Yuan L, Wu K, Shen B, Zhu C. Association between systemic immune-inflammation index and chronic obstructive pulmonary disease: a 
population-based study. Bmc Pulm Med. 2023;23(1):295. doi:10.1186/s12890-023-02583-5

31. Xu Y, Yan Z, Li K, Liu L. The association between systemic immune-inflammation index and chronic obstructive pulmonary disease in adults aged 40 years 
and above in the United States: a cross-sectional study based on the NHANES 2013-2020. Front Med. 2023;10:1270368. doi:10.3389/fmed.2023.1270368

32. Liu X, Ge H, Feng X, et al. The combination of hemogram indexes to predict exacerbation in stable chronic obstructive pulmonary disease. Front 
Med. 2020;7:572435. doi:10.3389/fmed.2020.572435

33. Chen XL, Xue L, Wang W, et al. Prognostic significance of the combination of preoperative hemoglobin, albumin, lymphocyte and platelet in 
patients with gastric carcinoma: a retrospective cohort study. Oncotarget. 2015;6(38):41370–41382. doi:10.18632/oncotarget.5629

34. Han H, Hu S, Du J. Predictive value of the hemoglobin-albumin-lymphocyte-platelet (HALP) index for ICU mortality in patients with acute 
exacerbations of chronic obstructive pulmonary disease (AECOPD). Intern Emerg Med. 2023;18(1):85–96. doi:10.1007/s11739-022-03132-4

35. Fang XY, Wang T, Zhao S, et al. Prognostic value of HALP index for ICU outcomes in patients with AECOPD complicated by respiratory 
failure[J]. Chin J Lung Dis. 2024;17(4):639–641.

36. Afzal AB, Khalid S, Baksi S. Association between low serum creatinine and mortality in patients with severe chronic obstructive pulmonary 
disease. Cureus J Med Sci. 2022;14(9):e29376. doi:10.7759/cureus.29376

37. Hu G, Wu Y, Zhou Y, Yu Y, Liang W, Ran P. Cystatin C as a predictor of in-hospital mortality after exacerbation of COPD. Resp Care. 2016;61 
(7):950–957. doi:10.4187/respcare.04034

38. Hirai K, Tanaka A, Homma T, et al. Serum creatinine/cystatin C ratio as a surrogate marker for sarcopenia in patients with chronic obstructive 
pulmonary disease. Clin Nutr. 2021;40(3):1274–1280. doi:10.1016/j.clnu.2020.08.010

https://doi.org/10.2147/COPD.S531935                                                                                                                                                                                                                                                                                                                                                                                         International Journal of Chronic Obstructive Pulmonary Disease 2025:20 3132

Xu et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.3390/jpm13040686
https://doi.org/10.1186/s12890-022-01958-4
https://doi.org/10.2147/IDR.S421925
https://doi.org/10.3760/cma.j.cn112137-20200714-02112
https://doi.org/10.1177/14799731221108516
https://doi.org/10.1016/j.bbamcr.2011.01.034
https://doi.org/10.1186/s12931-017-0662-2
https://doi.org/10.2147/COPD.S130790
https://doi.org/10.1007/s00408-008-9106-6
https://doi.org/10.3390/cells13151271
https://doi.org/10.3389/fimmu.2023.1216506
https://doi.org/10.1164/rccm.201509-1869OC
https://doi.org/10.1016/j.jaip.2017.10.004
https://doi.org/10.1183/09031936.00162414
https://doi.org/10.1016/S2213-2600(18)30006-7
https://doi.org/10.7759/cureus.23499
https://doi.org/10.1097/MD.0000000000029433
https://doi.org/10.2147/IJGM.S312045
https://doi.org/10.1080/15412555.2021.1898578
https://doi.org/10.62347/ENAP1762
https://doi.org/10.2147/COPD.S245842
https://doi.org/10.1186/s12890-023-02397-5
https://doi.org/10.1186/s12890-023-02583-5
https://doi.org/10.3389/fmed.2023.1270368
https://doi.org/10.3389/fmed.2020.572435
https://doi.org/10.18632/oncotarget.5629
https://doi.org/10.1007/s11739-022-03132-4
https://doi.org/10.7759/cureus.29376
https://doi.org/10.4187/respcare.04034
https://doi.org/10.1016/j.clnu.2020.08.010


39. Yoshizawa T, Okada K, Furuichi S, et al. Prevalence of chronic kidney diseases in patients with chronic obstructive pulmonary disease: assessment based 
on glomerular filtration rate estimated from creatinine and cystatin C levels. Int J Chronic Obstr. 2015;10:1283–1289. doi:10.2147/COPD.S80673

40. Huang Y, Hu B, Chen S, et al. The role of serum chloride ion in the prognosis of COPD. Am J Med Sci. 2024;368(3):235–241. doi:10.1016/j. 
amjms.2024.05.006

41. Wang S, Li D, Wang Y, Lu L, Hu X, Wang W. L-shaped association between serum chloride levels with 90-day and 365-day all-cause mortality in 
critically ill patients with COPD: a retrospective cohort study. Sci Rep. 2024;14(1):15900. doi:10.1038/s41598-024-67008-7

42. Chen Z, Zha L, Feng G, et al. Prognostic value of serum cholinesterase levels for in-hospital mortality among patients with acute exacerbation of 
chronic obstructive pulmonary disease. COPD. 2023;20(1):178–185. doi:10.1080/15412555.2023.2209178

43. Chen Z, Zha L, Hu B, et al. Use of the serum level of cholinesterase as a prognostic marker of nonfatal clinical outcomes in patients hospitalized 
with acute exacerbations of chronic obstructive pulmonary disease. Can Respir J. 2024;2024:6038771. doi:10.1155/2024/6038771

44. Gumus A, Kayhan S, Cinarka H, et al. High serum YKL-40 level in patients with COPD is related to hypoxemia and disease severity. Tohoku J Exp 
Med. 2013;229(2):163–170. doi:10.1620/tjem.229.163

45. Popetiu RO, Donath-Miklos I, Borta SM, et al. Serum YKL-40 levels, leukocyte profiles, and acute exacerbations of advanced COPD. J Clin Med. 
2023;12(18):6106. doi:10.3390/jcm12186106

46. Nandy D, Sharma N, Senapati S. Systematic review and meta-analysis confirms significant contribution of surfactant protein D in chronic 
obstructive pulmonary disease. Front Genet. 2019;10:339. doi:10.3389/fgene.2019.00339

47. Doubkova M, Karpisek M, Mazoch J, Skrickova J, Doubek M. Prognostic significance of surfactant protein A, surfactant protein D, Clara cell 
protein 16, S100 protein, trefoil factor 3, and prostatic secretory protein 94 in idiopathic pulmonary fibrosis, sarcoidosis, and chronic pulmonary 
obstructive disease. Sarcoidosis Vasc Dif. 2016;33(3):224–234.

48. Liu G, Philp AM, Corte T, et al. Therapeutic targets in lung tissue remodelling and fibrosis. Pharmacol Therapeut. 2021;225:107839. doi:10.1016/j. 
pharmthera.2021.107839

49. Tokgun O, Tokgun PE, Inci K, Akca H. lncRNAs as potential targets in small cell lung cancer: MYC -dependent regulation. Anti-Cancer Agent 
Med Chemist. 2020;20(17):2074–2081. doi:10.2174/1871520620666200721130700

50. Zhang H, Sun D, Li D, et al. Long non-coding RNA expression patterns in lung tissues of chronic cigarette smoke induced COPD mouse model. Sci 
Rep. 2018;8(1):7609. doi:10.1038/s41598-018-25702-3

51. Liu X, Ali MK, Dua K, Mao Y, Liu J. Circular RNAs: emerging players in asthma and COPD. Front Cell Dev Biol. 2023;11:1267792. doi:10.3389/ 
fcell.2023.1267792

52. Chen S, Yao Y, Lu S, et al. CircRNA0001859, a new diagnostic and prognostic biomarkers for COPD and AECOPD. Bmc Pulm Med. 2020;20 
(1):311. doi:10.1186/s12890-020-01333-1

53. Shen N, Yang D, Hou J, Mi X, Xu H, Liu X. CircTMEM30A/hsa-miR-130a-3p regulates TNFalpha and promotes the malignant progression of 
COPD with primary lung cancer. Minerva Med. 2023;114(3):332–344. doi:10.23736/S0026-4806.21.07121-4

54. Wang G, Wang R, Strulovici-Barel Y, et al. Persistence of smoking-induced dysregulation of miRNA expression in the small airway epithelium 
despite smoking cessation. PLOS ONE. 2015;10(4):e0120824. doi:10.1371/journal.pone.0120824

55. Chen BB, Li ZH, Gao S. Circulating miR-146a/b correlates with inflammatory cytokines in COPD and could predict the risk of acute exacerbation 
COPD. Medicine. 2018;97(7):e9820. doi:10.1097/MD.0000000000009820

56. Diao X, Zhou J, Wang S, Ma X. Upregulation of miR-132 contributes to the pathophysiology of COPD via targeting SOCS5. Exp Mol Pathol. 
2018;105(3):285–292. doi:10.1016/j.yexmp.2018.10.002

57. Paul S, Ruiz-Manriquez LM, Ambriz-Gonzalez H, et al. Impact of smoking-induced dysregulated human miRNAs in chronic disease development 
and their potential use in prognostic and therapeutic purposes. J Biochem Mol Toxic. 2022;36(9):e23134. doi:10.1002/jbt.23134

58. Agusti A, Edwards LD, Rennard SI, et al. Persistent systemic inflammation is associated with poor clinical outcomes in COPD: a novel phenotype. 
PLOS ONE. 2012;7(5):e37483. doi:10.1371/journal.pone.0037483

59. Thomsen M, Ingebrigtsen TS, Marott JL, et al. Inflammatory biomarkers and exacerbations in chronic obstructive pulmonary disease. JAMA. 
2013;309(22):2353–2361. doi:10.1001/jama.2013.5732

60. Hogea P, Tudorache E, Fira-Mladinescu O, et al. The association of IFN-gamma, TNF-alpha, and interleukins in bronchoalveolar lavage fluid with 
lung cancer: a prospective analysis. J Pers Med. 2023;13(6):968. doi:10.3390/jpm13060968

61. Xu J, Zeng Q, Li S, Su Q, Fan H. Inflammation mechanism and research progress of COPD. Front Immunol. 2024;15:1404615. doi:10.3389/ 
fimmu.2024.1404615

62. Zheng J, Wang X, Yu J, Zhan Z, Guo Z. IL-6, TNF-alpha and IL-12p70 levels in patients with colorectal cancer and their predictive value in 
anti-vascular therapy. Front Oncol. 2022;12:997665. doi:10.3389/fonc.2022.997665

63. Liao QQ, Mo YJ, Zhu KW, 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 Exacerbation of Chronic Obstructive Pulmonary Disease 
(AECOPD). Int J Chronic Obstr. 2024;19:501–518. doi:10.2147/COPD.S447519

64. Liu Z. Feature extraction and validation of pulmonary infectious diseases based on deep multimodal learning[D]. Dalian Med Univ. 2021.
65. Xie W, Fang Y, Yang G, Yu K, Li W. Transformer-based multi-modal data fusion method for COPD classification and physiological and 

biochemical indicators identification. Biomolecules. 2023;13(9):1391. doi:10.3390/biom13091391
66. Kumar S, Bhagat V, Sahu P, et al. A novel multimodal framework for early diagnosis and classification of COPD based on CT scan images and 

multivariate pulmonary respiratory diseases. Comput Meth Prog Bio. 2024;243:107911. doi:10.1016/j.cmpb.2023.107911

International Journal of Chronic Obstructive Pulmonary Disease 2025:20                                                https://doi.org/10.2147/COPD.S531935                                                                                                                                                                                                                                                                                                                                                                                                   3133

Xu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.2147/COPD.S80673
https://doi.org/10.1016/j.amjms.2024.05.006
https://doi.org/10.1016/j.amjms.2024.05.006
https://doi.org/10.1038/s41598-024-67008-7
https://doi.org/10.1080/15412555.2023.2209178
https://doi.org/10.1155/2024/6038771
https://doi.org/10.1620/tjem.229.163
https://doi.org/10.3390/jcm12186106
https://doi.org/10.3389/fgene.2019.00339
https://doi.org/10.1016/j.pharmthera.2021.107839
https://doi.org/10.1016/j.pharmthera.2021.107839
https://doi.org/10.2174/1871520620666200721130700
https://doi.org/10.1038/s41598-018-25702-3
https://doi.org/10.3389/fcell.2023.1267792
https://doi.org/10.3389/fcell.2023.1267792
https://doi.org/10.1186/s12890-020-01333-1
https://doi.org/10.23736/S0026-4806.21.07121-4
https://doi.org/10.1371/journal.pone.0120824
https://doi.org/10.1097/MD.0000000000009820
https://doi.org/10.1016/j.yexmp.2018.10.002
https://doi.org/10.1002/jbt.23134
https://doi.org/10.1371/journal.pone.0037483
https://doi.org/10.1001/jama.2013.5732
https://doi.org/10.3390/jpm13060968
https://doi.org/10.3389/fimmu.2024.1404615
https://doi.org/10.3389/fimmu.2024.1404615
https://doi.org/10.3389/fonc.2022.997665
https://doi.org/10.2147/COPD.S447519
https://doi.org/10.3390/biom13091391
https://doi.org/10.1016/j.cmpb.2023.107911


International Journal of Chronic Obstructive Pulmonary Disease                                                 

Publish your work in this journal 
The International Journal of COPD is an international, peer-reviewed journal of therapeutics and pharmacology focusing on concise rapid reporting 
of clinical studies and reviews in COPD. Special focus is given to the pathophysiological processes underlying the disease, intervention programs, 
patient focused education, and self management protocols. This journal is indexed on PubMed Central, MedLine and CAS. The manuscript 
management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www. 
dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/international-journal-of-chronic-obstructive-pulmonary-disease-journal

International Journal of Chronic Obstructive Pulmonary Disease 2025:20 3134

Xu et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Prognostic Evaluation of COPD Using Biomarkers
	Systemic Inflammatory Biomarkers
	C-Reactive Protein
	Procalcitonin
	Interleukin-6
	Tumor Necrosis Factor-Alpha
	Transforming Growth Factor-Beta

	Inflammatory Cell-Associated Biomarkers
	Eosinophil Count
	Neutrophil-to-Lymphocyte Ratio (NLR)
	Platelet-to-Lymphocyte Ratio
	Monocyte-to-Lymphocyte Ratio and Lymphocyte-to-Monocyte Ratio
	AISI, SII, and SIRI Indices
	HALP Score

	Metabolism-Related Biomarkers
	Creatinine, Cystatin C, and the Cr/CysC Ratio
	Chloride Ion
	Cholinesterase

	Lung Injury and Tissue Repair-Related Proteins
	Tyrosine-Lysine-Leucine-40
	Pulmonary Surfactant-Associated Protein Dand Pulmonary Surfactant-Associated Protein A

	Epigenetic-Related Biomarkers
	Long Noncoding RNA
	Circular RNA
	MicroRNA

	The Role of Combined Biomarker Prediction in COPD Prognosis
	The Role of Multimodal Evaluation Strategies in COPD Prognosis

	Conclusion
	Acknowledgments
	Disclosure

