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Purpose: This study aims to construct a contemporaneous symptom network of inpatients with Exacerbation of Chronic Obstructive 
Pulmonary Disease (ECOPD) based on the symptom cluster, identify core and bridge symptoms, and patient subgroups with different 
symptom clusters based on individual differences in the intensity of patient symptom experiences.
Patients and Methods: This study used convenience sampling to collect demographic, symptom, auxiliary examination, and 
prognosis information of 208 inpatients with ECOPD from April 2022 to October 2023. The data underwent exploratory factor 
analysis (EFA), symptom network analysis, latent class analysis (LCA), Spearman correlation analysis, Wilcoxon signed-rank test, 
single-factor regression and multiple-factor stepwise regression.
Results: In hospitalized patients with ECOPD, symptom network analysis revealed that loss of appetite was the core symptom, while 
chest distress was the bridge symptom. Through LCA analysis, two symptom subgroups were identified: a high-symptom group (53.8%) 
and a low-symptom group (46.2%). This suggests that there is significant heterogeneity in symptom experience among ECOPD 
individuals. Patients in the high-symptom group had a higher probability of experiencing symptom clusters related to nutrition-sleep.
Conclusion: The combination of symptom network analysis and LCA comprehensively captures the symptom/symptom cluster 
characteristics and accounts for the heterogeneity of ECOPD patients from both individual and group perspectives. This study identifies 
core symptoms, bridge symptoms, and symptom subgroups, offering valuable insights for precision symptom management in ECOPD.
Keywords: chronic obstructive pulmonary disease, COPD, exacerbation, precision care, network analysis, latent class analysis

Introduction
Chronic obstructive pulmonary disease (COPD) is a common chronic inflammatory lung disease with a high mortality 
rate.1 It is a heterogeneous condition characterized by persistent respiratory symptoms, including dyspnea, cough, and 
sputum production, caused by chronic abnormalities in the airways (bronchitis, bronchiolitis) and/or alveoli (emphy
sema). These abnormalities often lead to progressive airflow limitation.2,3 It was estimated that by 2025, the global 
number of COPD cases will approach 600 million,4 and by 2030, COPD will become the fourth leading cause of death 
worldwide.5 The characteristics of exacerbation of COPD (ECOPD) include worsening respiratory symptoms such as 
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dyspepsia, cough, and sputum production within 14 days, with other associated symptoms potentially including shortness 
of breath and tachycardia.1

There were approximately 100 million COPD patients in China, with an average of 0.5 to 3.5 exacerbations per 
person per year, making it the leading cause of death among COPD patients.6 ECOPD accelerates the decline in lung 
function of COPD patients, leading to lower quality of life, limited activity, increased risk of death, and imposing a heavy 
burden on healthcare and the economy.7–9

Precision care mainly involves non-pharmacological, non-surgical nursing techniques to relieve symptoms and 
promote the physical and mental recovery of patients.10,11 Symptom science is a key component of precision care, 
aiming to explore the underlying biological and behavioral mechanisms and influences of individual symptoms or 
symptom clusters.12,13 In recent years, symptom management has gradually shifted from focusing on individual 
symptoms to addressing multiple symptoms. This is because the accumulation of symptoms can cause greater harm to 
patients, and identifying the relationships among multiple symptoms is more conducive to centralized symptom manage
ment and alleviating the symptom burden of patients.14–16 This had already been revealed and summarized by some 
studies on symptom clusters in COPD.17 Considering the heterogeneity and complexity of exacerbation of COPD, the 
severity of exacerbation varies, and the clinical symptoms or combinations of symptoms also exhibit diversity.11 

Furthermore, compared to stable COPD, patients with ECOPD experience a heavier symptom burden and worse 
prognosis. Therefore, it is necessary to explore the symptoms and mechanisms that COPD patients experience during 
exacerbation in order to provide more evidence for effectively alleviating and managing symptoms precisely.

Symptom network analysis is an emerging method for symptom analysis that has been used in various diseases such as 
schizophrenia,18 Human Immunodeficiency Virus (HIV),19 and childhood Attention-Deficit/Hyperactivity Disorder 
(ADHD).20 Symptom networks21 are based on the assumption that symptoms (nodes) interact with each other rather 
than existing independently. Building on this premise, symptom networks calculate and visualize the relationships between 
symptoms by representing their centrality with the position of nodes and the strength of connections with the thickness of 
lines. Compared to symptom cluster analysis, symptom network analysis offers distinct advantages. It not only provides 
a visual representation of symptom relationships but also helps healthcare providers identify core and bridge symptoms, 
enabling more precise symptom management. However, both symptom cluster analysis and symptom network analysis 
have limitations as they are variable-centered clustering methods that may overlook individual differences in symptom 
experience.22 In contrast, latent class analysis (LCA) is a person-centered clustering method that can help identify patient 
subgroups with different symptom clusters and risk factors.23 Previous studies have primarily used only one clustering 
method,24 which may limit the comprehensiveness of symptom analysis. Therefore, this study combines symptom network 
analysis with LCA to provide a more complete analysis of ECOPD symptoms from both individual and group perspectives. 
The primary aim of this study is to use symptom network analysis to visualize the symptom clusters in ECOPD patients and 
identify key intervention targets. Additionally, LCA is used to uncover individual differences in symptom experience and 
identify symptom subgroups, further contributing to personalized and precise symptom management. A secondary goal is 
to explore the influencing factors and potential mechanisms of different symptom subgroups.

Materials and Methods
Design and Subjects
This study included patients admitted to the respiratory ward or respiratory intensive care unit at a tertiary hospital in 
Wenzhou, Zhejiang Province, China, between April 2022 and October 2023. Inclusion criteria for participants were as 
follows: 1. Meet the diagnostic criteria related to ECOPD in the “Diagnosis and Treatment Guidelines for Chronic 
Obstructive Pulmonary Disease” (2021 revised edition).25 2. The primary diagnosis among the participants was ECOPD, 
leading to admission to either the respiratory department or the respiratory intensive care unit. 3. Willing to participate in 
the study and sign an informed consent form. Exclusion criteria were as follows: 1. Patients with impaired consciousness, 
mental illness, or inability to complete the questionnaire. 2. Patients with active pulmonary tuberculosis, bronchiectasis, 
or other restrictive ventilatory dysfunction. 3. Patients with asthma, pulmonary fibrosis, or pulmonary embolism. 4. 
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Patients with severe heart, liver, kidney failure, or malignancy. 5. Patients with a hospital stay of less than 72 hours were 
excluded from the study.

Sample Size
For Exploratory Factor Analysis (EFA), a sample size of 5–10 times the number of items is recommended.26 This study 
involved 20 symptom items and factored in a 10% dropout rate, resulting in a targeted sample size of 111–222 cases. The 
study involved the distribution of 250 questionnaires, with 29 patients opting out of participation. Furthermore, eight 
patients were out because they developed conditions such as pulmonary embolism or heart failure after being hospita
lized. Finally, 20827 valid questionnaires were collected, with an effective rate of 97.7%.

Data Collection
This study assessed the symptoms of ECOPD patients during the four weeks before admission using the DESS ques
tionnaire. Additionally, we designed forms to collect demographics, clinical treatment, physical examination, physiological 
and biochemical indicators, prognosis, and other information from the electronic medical records system upon patient 
admission. Additionally, to ensure the reliability and consistency of the questionnaire results, we provided standardized 
training for the data collectors. After the questionnaires were collected, two researchers independently verified and entered 
the data to ensure its completeness and accuracy. Our study was conducted in accordance with the Declaration of Helsinki. 
Ethical approval for this study was granted by the Ethics Committee of the First Affiliated Hospital of Wenzhou Medical 
University, Zhejiang Province, with the reference number KY2023-R084. All participants provided written informed 
consent.

Research Tools
Admission Basic Information Form
The researchers designed a demographic questionnaire that included statistical information such as age, gender, education 
level, severity of exacerbation,6 smoking, alcohol consumption, history of occupational exposure, type of infection, 
medical history (allergy history, diabetes, hypertension, chronic obstructive pulmonary disease, coronary heart disease, 
cerebrovascular disease, cardiopulmonary disease, osteoporosis, respiratory failure).

Digital Evaluation Score System
This study used the Digital Evaluation Score System (DESS) developed by Professor Wang’s28 team to assess the 
symptoms and ancillary examination information of patients with ECOPD. The DESS incorporates a wide range of 
clinical indicators commonly used in ECOPD management, translating patients’ clinical descriptions and examination 
information into standard scores of 0, 1, 2, or 4, with higher scores indicating greater severity. For a item where severity 
assessment is challenging, only scores of 0 and 1 are used to represent “no” and “yes”, respectively. The scoring criteria 
for each item in the DESS were based on established systems such as the BODE index, acute physiology and chronic 
health evaluation (APACHE II), COPD assessment test (CAT) and current diagnostic guidelines to ensure the reliability 
of the scoring. Compared to standalone symptom assessment scales, the DESS can incorporate hundreds of clinical 
phenotype information, leveraging patients’ clinical data more comprehensively.29 The DESS version used in this study 
was modified from the original tool based on clinical expertise and existing literature to ensure it is more suitable for use 
by clinical nursing staff. In this study, we evaluated twenty symptoms using the DESS, including activity restriction, 
cough, shortness of breath, chest distress, expectoration, decreased exercise tolerance, loss of appetite, fatigue, insomnia, 
weight loss, constipation, orthopnea, anxiety, fever, pain, dysphoria, chills, muscle soreness, dysphagia, and diarrhea.

Outcomes
We selected multiple outcome measures, including the use of a non-invasive ventilator, types and days of antibiotic use, 
types and days of nebulized inhalation therapy drug use, duration of glucocorticoid use, whether admitted to the intensive 
care unit, number of days in critical care, total hospital days, total hospital costs, and readmission within three months.
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Statistical Analysis
Categorical variables in this study were described as frequencies (percentages). Wilcoxon rank-sum test was used to compare 
between groups. The Kolmogorov–Smirnov (K-S) test was employed to assess the normality of continuous variables. Normally 
distributed continuous variables were expressed as means with standard deviations (SD) and compared between groups using the 
t-test. Non-normally distributed continuous variables were reported as medians with interquartile ranges (IQR) and compared 
between groups using the Wilcoxon rank-sum test. The data analysis process of this study utilized three statistical software 
programs: SPSS 26.0, Mplus 8.0, and R 4.3.2. A two-tailed p-value < 0.05 was considered statistically significant.

Contemporaneous Symptom Network Analysis
To ensure clinical significance, symptoms with occurrence probability greater than 40% were selected for symptom 
cluster analysis using EFA. The number of factors is determined based on an eigenvalue greater than 1, and for each 
factor, the factor loading of symptoms should exceed 0.40. Subsequently, we utilized the “qgraph” package in R language 
to construct a symptom network for ECOPD. The network was based on the Gaussian Graphical Model (GGM),30 which 
estimates conditional relationships between nodes. To produce a sparse and interpretable network, we applied the 
graphical Least Absolute Shrinkage and Selection Operator (gLASSO), combined with the Extended Bayesian 
Information Criterion (EBIC) to select optimal tuning parameters. In the symptom network, each symptom serves as 
a node, with edges connecting the nodes. Thicker and darker edges indicate stronger associations between symptoms. 
The positions of nodes in the network were determined using the Fruchterman-Reingold algorithm, which places nodes 
with stronger associations closer to each other. Different edge colors are used to differentiate positive and negative 
associations, with blue indicating positive and red indicating negative correlations. Calculate the centrality indicators of 
nodes, including strength centrality, closeness centrality, betweenness centrality, and expected influence (EI) to objec
tively assess the strength, closeness, centrality, and expected impact of each symptom node, respectively, to measure the 
influence and importance of each symptom node and determine the core symptoms. Bridge symptoms were primarily 
identified by calculating and comparing the bridge centrality indicators of nodes. Finally, we used the “bootnet” package 
in R to assess the stability of centrality indicators by calculating the correlation stability coefficient (CS-coefficient) and 
evaluated the accuracy of edge weights through their 95% confidence intervals.

Subgroup Analysis and Differential Analysis
Latent Class Analysis (LCA) is a modern statistical technique that can identify homogeneous subgroups from multi
variate categorical data, grouping individuals with similar or identical symptom features into the same subtype.31 By 
considering the Bayesian Information Criterion (BIC), adjusted BIC (aBIC), Akaike Information Criterion (AIC), Lo- 
Mendell-Rubin likelihood ratio test (LMRT), Bootstrap Likelihood Ratio Test (BLRT), and entropy, the optimal latent 
class model was selected. After determining the best latent categories, single-factor regression and multiple-factor 
stepwise regression were used to evaluate patient characteristic factors contributing to classification. The odds ratios 
(OR) and 95% confidence intervals (CI) were calculated to assess the effect size and the precision of the estimates. 
Additionally, differences between auxiliary examinations of different subgroups were analyzed using the Wilcoxon 
signed-rank test. To further clarify the relationship between auxiliary examinations of each subgroup and the severity of 
specific symptoms, a correlation heatmap was created using Spearman correlation analysis. Finally, the Wilcoxon signed- 
rank test was employed to compare outcomes among different subgroups.

Results
Symptom Network Analysis in Patients with ECOPD
The results (Figure S1) revealed the presence of three symptom clusters in hospitalized patients with ECOPD: fatigue- 
activity, nutrition-sleep, and cough-sputum symptom cluster (Table S1). The constructed symptom network analysis 
graph provided a more intuitive display of the relationships between symptoms in patients with ECOPD. As shown in 
Figure 1, almost all symptoms are positively correlated. Analysis of centrality indicators (Figure 2) showed that loss of 
appetite (B1, rs=4.239) has the highest strength centrality, indicating that it is the most influential symptom in the entire 
network. Figure 3 demonstrated that chest distress (C3) was the most probable bridge symptom since it had the highest 
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bridge strength centrality (rbs=0.460). This suggested that chest tightness is a key symptom connecting the cough-sputum 
symptom cluster with other symptom clusters, and its presence could drive the occurrence of other symptoms, making it 
a crucial target for symptom improvement. Figure S2A and S2B demonstrate the accuracy and stability of the symptom 
cluster network, while Figure S3 illustrates the stability of bridge centrality, all within acceptable ranges.

Figure 1 Symptom network diagram of patients with ECOPD.

Figure 2 Analysis of centrality indicators in symptom network analysis of patients with ECOPD.
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Subgroup Analysis and Differential Analysis of Patients with ECOPD
Subgroup Analysis
Table 1 showed that when the latent class is binary, the BIC value is the lowest, with statistically significant LMRT and 
BLRT values (p < 0.001), and an entropy greater than 0.8, indicating a classification accuracy of over 90%. Therefore, we 
believe that dividing them into two subgroups is most appropriate. The occurrence probabilities of all symptoms in class 
1 were higher than in class 2, so we named class 1 the high-symptom group and class 2 the low-symptom group, with the 

Figure 3 Bridge symptom analysis in symptom network analysis of patients with ECOPD.

Table 1 Results of Latent Class Analysis

N classes AIC BIC aBIC Entropy LMR BLRT Class probability

1 4079.578 4159.679 4083.636 – – – 1
2 3752.003 3915.542 3760.286 0.874 <0.001 <0.001 0.538/0.462

3 3669.206 3916.184 3681.716 0.869 0.289 0.286 0.409/0.370/0.221

4 3632.680 3963.097 3649.417 0.872 1.000 1.000 0.235/0.313/0.332/0.120
5 3613.583 4027.438 3634.545 0.886 0.761 0.761 0.293/0.202/0.125/0.164/0.216

Abbreviations: AIC, Akaike information criterion; BIC, Bayesian information criterion; aBIC, Ajusted BIC; LMRm Lo-Mendel-Rubin; 
BLRT, Bootstrap likelihood ratio test.
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low-symptom group as the reference group (Figure 4). It could be observed that both groups have relatively high 
probabilities of respiratory symptoms. Compared to the low-symptom group, individuals in the high-symptom group 
have a higher probability of experiencing the nutritional-sleep symptom cluster, followed by the fatigue-activity 
symptom cluster.

Analyzing Differences in Different Subgroups
Analysis of Characteristic Factors in Different Subgroups 
Single-factor regression (Table S2) and multiple-factor regression results (Table S3) showed that patients with poorer 
daily activity capacity (OR=4.50, p<0.001) and a history of coronary heart disease of more than 5 years (OR=8.04, 
p=0.049) are more likely to be classified into the high-symptom group, with a higher symptom burden.

Differential Analysis of Auxiliary Examinations in Different Subgroups 
Abnormalities in C-reactive protein (CRP) levels were positively correlated with the presence of cough (r = 0.210, p = 
0.027) and expectoration (r = 0.321, p = 0.001) in the high-symptom group (Table S4). The high-symptom group was 
more likely to have abnormalities in serum calcium ion levels, which may be related to decreased exercise tolerance 
(r=0.196, P=0.038) (Figure S4).

Comparison of Outcomes in Different Subgroups 
Table S5 showed that in terms of treatment, the high-symptom group had a longer duration and variety of antibiotic 
usage, as well as a longer duration of inhalant use. Additionally, the high-symptom group had a higher probability of 
being admitted to the intensive care unit, requiring a higher level of care, longer overall hospital stay, and incurring 
higher medical expenses.

Discussion
Unlike previous studies on COPD24 or ECOPD32 symptoms that primarily employed various clustering methods to 
explore symptom clusters, this study, for the first time, visually presented the internal network structure of symptoms 
frequently reported by ECOPD patients in a graphical format and calculated specific indicators such as centrality/bridge 
centrality to provide objective basis for precise symptom management.19 Based on the symptom network, loss of appetite 
and chest distress were identified as the core and bridge symptoms of hospitalized ECOPD patients. Additionally, this 
study utilized LCA to fully uncover the individuality of symptom experiences,33 revealing that the ECOPD population 
can be broadly divided into two symptom subgroups: a high-symptom group (53.8%) and a low-symptom group (46.2%). 
Symptom network analysis and LCA complement each other in providing a comprehensive understanding of the 

Figure 4 Probability distribution of symptom occurrence in two subgroups.
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heterogeneity of ECOPD symptoms from both individual and group perspectives. These findings offer additional 
references for prioritizing symptoms and developing personalized symptom management strategies for ECOPD.

Our study found that exacerbation of respiratory symptoms, especially cough, expectoration, shortness of breath, 
chest distress, and deteriorating respiratory function, resulted in activity limitation and decreased exercise tolerance, 
which were the main symptoms troubling patients with ECOPD. Additionally, symptoms such as loss of appetite, fatigue, 
insomnia, and weight loss were frequently reported by our patients. These research findings were consistent with 
previous studies.34,35 However, anxiety and other psychological symptoms were not prominent in the population we 
surveyed, which may be related to the fact that the majority of our respondents were Asian males.17 We explored and 
identified three symptom clusters in ECOPD patients: fatigue-activity cluster, nutrition-sleep cluster, and cough-sputum 
cluster. These findings differ slightly from our previous research results.36 By employing a larger sample size in this 
study, previously undiscovered relationships between nutrition and sleep were uncovered, suggesting that nutritional 
status and sleep quality may be interconnected aspects of daily life. Sleep disturbances are common in COPD patients 
and may contribute to increased risk of acute exacerbation.37 Similarly, loss of appetite and malnutrition are commonly 
observed during the progression of COPD.38 Increasing evidence suggested that diet and sleep are intertwined factors; 
inadequate sleep could have a detrimental impact on food choices and intake, while adopting a balanced dietary regimen 
may be a crucial measure for enhancing both sleep and nutrition.39 Based on the symptom cluster study, we have further 
identified loss of appetite as a core symptom in patients with ECOPD. This suggests that healthcare providers should 
prioritize improving appetite and nutrition in ECOPD patients. Research indicated that decreased appetite in individuals 
with COPD can lead to reduced food intake and inadequate nutrition,40 subsequently worsening lung function41 and 
accelerating the progression of COPD.42 The loss of appetite among COPD patients is multifactorial, potentially related 
to dry mouth, gastric pain or discomfort, and constipation.43 Previous research indicates that dry mouth was the most 
prominent reason for changes in appetite among patients with COPD, possibly linked to damage to oral thermoreceptors 
and taste receptors due to the prolonged use of inhaled medications in COPD patients.43,44 However, further exploration 
and evidence are required to determine how to enhance appetite in COPD patients and to identify the appropriate timing 
during exacerbations in hospital settings for correcting poor nutritional status.45,46 Additionally, this study revealed that 
chest distress was a crucial bridge symptom in patients with ECOPD, suggesting that chest distress can serve as a bridge 
among the three symptom clusters, which is significant for maintaining the integrity of the ECOPD symptom network.47 

Chest distress is a common unpleasant respiratory experience in COPD patients, leading many to reduce physical activity 
to avoid such discomfort, yet this behavior also brings about a range of adverse effects, including broader impairments in 
skeletal muscle function and negative psychological emotions.48 Thus, interventions targeting chest distress represent the 
primary goal in disrupting this vicious cycle, where the overall benefits obtained may far exceed alleviating the chest 
tightness symptoms themselves. The mechanisms underlying respiratory distress are complex, and a single intervention 
often falls short of meeting demands. Improving respiratory distress necessitates the implementation of multidisciplinary 
interventions and personalized customization based on individual needs.49 In conclusion, the symptoms of patients with 
ECOPD in clinical settings are intricate and diverse. Selecting and addressing key, appropriate symptoms for priority 
identification and management within limited time and urgent environments might significantly amplify the effectiveness 
of our nursing interventions.

Symptom network analysis revealed connections among symptom clusters in ECOPD, based on the average 
intensity of the overall symptoms experienced by the ECOPD population, which may not adequately reflect 
individual differences. Therefore, this study employed a person-centered clustering approach to explore the 
heterogeneity of symptom phenotypes within individual ECOPD patients, differentiate patient subgroups with 
distinct symptom clusters, and refine the patterns of symptom occurrence for betterment. LCA was our preferred 
clustering method, as it has been successfully utilized in patients with asthma and acute respiratory distress 
syndrome (ARDS).50,51 Through LCA analysis, we identified two symptom expression patterns in ECOPD 
patients: the high-symptom group and the low-symptom group. Both groups demonstrated a high prevalence of 
respiratory symptoms, yet the high-symptom group had a higher probability of experiencing the nutritional-sleep 
cluster. Therefore, we recommend incorporating the assessment of nutrition and sleep status in hospitalized 
ECOPD patients as a routine procedure to promptly identify individuals in the high-symptom group and promptly 
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offer effective strategies for improving nutrition and sleep, aiming to alleviate both symptom burden and disease 
impact on patients and expedite their health recovery.52 In short, prompt recognition and management of the high- 
symptom group could lead to a more rational allocation of nursing resources and personalized care services for the 
patients.

Furthermore, individuals with poorer daily activity abilities and a history of coronary heart disease for over 5 years 
may represent important demographic characteristics of the high-symptom group. This finding may suggest a potential 
association between these characteristics and nutritional risks. Previous research has indicated that limitations in ADL 
may result from physical frailty in patients,53 and frailty and nutritional risks share highly similar risk factors. The 
coexistence of coronary heart disease exacerbates pulmonary function impairment in COPD patients, as highlighted by 
Zhang,54 suggesting that ECOPD and coronary heart disease patients should proactively and appropriately supplement 
vitamin D to maintain optimal nutritional status and internal stability. While our study did not identify specific biological 
markers representing loss of appetite or chest distress, we found a correlation between serum calcium levels and reduced 
physical activity in the high-symptom group and a close association of CRP levels with cough and sputum production. 
These biochemical abnormalities may serve as objective indicators to distinguish between the two subgroups and 
potentially reflect the underlying physiological mechanisms of these high-symptom occurrences. In conclusion, under
standing the physiological mechanisms behind symptoms in ECOPD patients and identifying biomarkers that can 
substitute subjective symptom assessments are crucial aims of precise symptom management, necessitating further in- 
depth exploration and broader validation.

Limitations
Our study has several acknowledged limitations: 1. It is a cross-sectional study, which means that causal inferences 
cannot be drawn; future longitudinal, prospective studies should be conducted to clarify the specific causal relationships 
between the occurrence and development trajectories of symptom clusters, their influencing factors, and prognosis. 2. 
Although the participants included in this study were primarily diagnosed with ECOPD, we acknowledge that this does 
not completely eliminate the potential influence of other comorbidities on individual symptoms. 3. Conducting a single- 
center study may restrict sample representativeness. 4. The sample size in this study is limited, and future research should 
involve larger-scale studies.

Conclusion
Our study integrates the results of symptom network analysis and LCA, providing a comprehensive depiction of 
symptom/symptom cluster characteristics at both individual and group levels, thereby offering a significant contribution 
to the understanding of ECOPD symptom heterogeneity. Our findings suggest that loss of appetite and chest distress may 
be potential intervention targets for precision symptom management. The identification of distinct symptom subgroups 
lays a foundation for implementing personalized care, with the sleep-nutrition symptom cluster potentially serving as 
a critical marker for differentiating high-symptom and low-symptom subgroups. Exploring the underlying pathophysio
logical mechanisms of symptom heterogeneity in patients will be a key direction for future scientific research on ECOPD 
symptom management.

Data Sharing Statement
Data will be made available on request.

Ethics Approval Statement
This study was conducted in accordance with the ethical principles of the Declaration of Helsinki. Ethical approval for 
this study was granted by the Ethics Committee of the First Affiliated Hospital of Wenzhou Medical University, Zhejiang 
Province, with the reference number KY2023-R084.

International Journal of Chronic Obstructive Pulmonary Disease 2025:20                                                https://doi.org/10.2147/COPD.S498792                                                                                                                                                                                                                                                                                                                                                                                                    189

Yu et al

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



Acknowledgments
The authors would like to thank every patient and family member who participated in the questionnaire and the National 
Key Research Program and Science Foundation for the financial assistance.

Author Contributions
All authors made a significant contribution to the work reported, whether that is in the conception, study design, 
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically 
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article 
has been submitted; and agree to be accountable for all aspects of the work.

Funding
This study was funded by the National Key Research and Development Program of China grants 2016YFC1304000 (C 
Chen); The National Natural Scientific Foundation of China 82170017, 82370085 (C Chen); Zhejiang Provincial Key 
Research and Development Program 2020C03067 (C Chen).

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

References
1. Global Initiative for Chronic Obstructive Lung Disease. Global strategy for prevention, diagnosis and management of COPD: 2024 report. 2024. 

Available from: https://goldcopd.org/2024-gold-report/. Accessed November 20, 2023.
2. Celli B, Fabbri L, Criner G, et al. Definition and nomenclature of chronic obstructive pulmonary disease: time for its revision. Am J Respir Crit 

Care Med. 2022;206(11):1317–1325. doi:10.1164/rccm.202204-0671PP
3. Confalonieri M, Braga L, Salton F, Ruaro B, Confalonieri P. Chronic obstructive pulmonary disease definition: is it time to incorporate the concept 

of failure of lung regeneration? Am J Respir Crit Care Med. 2023;207(3):366–367. doi:10.1164/rccm.202208-1508LE
4. Boers E, Barrett M, Su JG, et al. Global burden of chronic obstructive pulmonary disease through 2050. JAMA Network Open. 2023;6(12): 

e2346598. doi:10.1001/jamanetworkopen.2023.46598
5. Crooks MG, Brown T, Morice AH. Is cough important in acute exacerbations of COPD? Respir Physiol Neurobiol. 2018;257:30–35. doi:10.1016/j. 

resp.2018.02.005
6. Oncology Society of Chinese Medical Association. Chinese medical association guideline for clinical diagnosis and treatment of lung cancer (2023 

edition). Zhonghua Yi Xue Za Zhi. 2023;103(27). doi:10.3760/cma.j.cn112137-20230510-00767
7. Rothnie KJ, Müllerová H, Smeeth L, Quint JK. Natural history of chronic obstructive pulmonary disease exacerbations in a general practice-based 

population with chronic obstructive pulmonary disease. Am J Respir Crit Care Med. 2018;198(4):464–471. doi:10.1164/rccm.201710-2029OC
8. Chen S, Kuhn M, Prettner K, et al. The global economic burden of chronic obstructive pulmonary disease for 204 countries and territories in 2020-50: 

a health-augmented macroeconomic modelling study. Lancet Glob Health. 2023;11(8):e1183–e1193. doi:10.1016/S2214-109X(23)00217-6
9. W C, X J, Y L, et al. Prevalence and risk factors of chronic obstructive pulmonary disease in China (the China Pulmonary Health [CPH] study): 

a national cross-sectional study. Lancet Lond Engl. 2018;391(10131):1706–1717. doi:10.1016/S0140-6736(18)30841-9
10. Qijie LI, Yuwen CHEN, Yuwei LIU, et al. Status quo and prospects of research on precision nursing of life-cycle health and disease. J SICHUAN 

Univ Med Sci. 2023;54(4):705–711. doi:10.12182/20230760302
11. Vogelmeier CF, Román-Rodríguez M, Singh D, Han MK, Rodríguez-Roisin R, Ferguson GT. Goals of COPD treatment: focus on symptoms and 

exacerbations. Respir Med. 2020;166:105938. doi:10.1016/j.rmed.2020.105938
12. Kt H, B S, Mw B, et al. Precision health: advancing symptom and self-management science. Nurs Outlook. 2019;67(4):462–475. doi:10.1016/j. 

outlook.2019.01.003
13. Tripp-Reimer T, Williams JK, Gardner SE, et al. An integrated model of multimorbidity and symptom science. Nurs Outlook. 2020;68(4):430–439. 

doi:10.1016/j.outlook.2020.03.003
14. Fei F, Koffman J, Zhang X, Gao W. Synergistic impact of the symptom cluster on health-related quality of life in patients with chronic obstructive 

pulmonary disease: a secondary data analysis. Clin Nurs Res. 2022;31(6):991–999. doi:10.1177/10547738221085765
15. George MA, Lustberg MB, Orchard TS. Psychoneurological symptom cluster in breast cancer: the role of inflammation and diet. Breast Cancer Res 

Treat. 2020;184(1):1–9. doi:10.1007/s10549-020-05808-x
16. Fu L, Feng X, Jin Y, et al. Symptom clusters and quality of life in gastric cancer patients receiving chemotherapy. J Pain Symptom Manage. 

2022;63(2):230–243. doi:10.1016/j.jpainsymman.2021.09.003
17. Jenkins BA, Athilingam P, Jenkins RA. Symptom clusters in chronic obstructive pulmonary disease: a systematic review. Appl Nurs Res ANR. 

2019;45:23–29. doi:10.1016/j.apnr.2018.11.003
18. Buchwald K, Narayanan A, Siegert RJ, Vignes M, Arrowsmith K, Sandham M. Centrality statistics of symptom networks of schizophrenia: 

a systematic review. Psychol Med. 2024;54(6):1061–1073. doi:10.1017/S003329172300363X
19. Zhu Z, Wen H, Yang Z, et al. Evolving symptom networks in relation to HIV-positive duration among people living with HIV: a network analysis. 

Int J Infect Dis. 2021;108:503–509. doi:10.1016/j.ijid.2021.05.084

https://doi.org/10.2147/COPD.S498792                                                                                                                                                                                                                                                                                                                                                                                         International Journal of Chronic Obstructive Pulmonary Disease 2025:20 190

Yu et al                                                                                                                                                                               

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

https://goldcopd.org/2024-gold-report/
https://doi.org/10.1164/rccm.202204-0671PP
https://doi.org/10.1164/rccm.202208-1508LE
https://doi.org/10.1001/jamanetworkopen.2023.46598
https://doi.org/10.1016/j.resp.2018.02.005
https://doi.org/10.1016/j.resp.2018.02.005
https://doi.org/10.3760/cma.j.cn112137-20230510-00767
https://doi.org/10.1164/rccm.201710-2029OC
https://doi.org/10.1016/S2214-109X(23)00217-6
https://doi.org/10.1016/S0140-6736(18)30841-9
https://doi.org/10.12182/20230760302
https://doi.org/10.1016/j.rmed.2020.105938
https://doi.org/10.1016/j.outlook.2019.01.003
https://doi.org/10.1016/j.outlook.2019.01.003
https://doi.org/10.1016/j.outlook.2020.03.003
https://doi.org/10.1177/10547738221085765
https://doi.org/10.1007/s10549-020-05808-x
https://doi.org/10.1016/j.jpainsymman.2021.09.003
https://doi.org/10.1016/j.apnr.2018.11.003
https://doi.org/10.1017/S003329172300363X
https://doi.org/10.1016/j.ijid.2021.05.084


20. Preszler J, Burns GL, Becker SP, Servera M. Multisource longitudinal network and latent variable model analyses of ADHD symptoms in children. 
J Clin Child Adolesc Psychol off J Soc Clin Child Adolesc Psychol Am Psychol Assoc Div 53. 2022;51(2):211–218. doi:10.1080/ 
15374416.2020.1756297

21. Robinaugh DJ, Hoekstra RHA, Toner ER, Borsboom D. The network approach to psychopathology: a review of the literature 2008-2018 and an 
agenda for future research. Psychol Med. 2020;50(3):353–366. doi:10.1017/S0033291719003404

22. Harris CS, Dodd M, Kober KM, et al. Advances in conceptual and methodological issues in symptom cluster research: a 20-year perspective. Adv 
Nurs Sci. 2022;45(4):309. doi:10.1097/ANS.0000000000000423

23. Potter KM, Kennedy JN, Onyemekwu C, et al. Data-derived subtypes of delirium during critical illness. EBioMedicine. 2024;100:104942. 
doi:10.1016/j.ebiom.2023.104942

24. Fei F, Koffman J, Zhang X, Gao W. Chronic obstructive pulmonary disease symptom cluster composition, associated factors, and methodologies: 
a systematic review. West J Nurs Res. 2022;44(4):395–415. doi:10.1177/0193945921995773

25. Society COPDG of CT, Physician COPDC of CA of C. Guidelines for the diagnosis and management of chronic obstructive pulmonary disease 
(revised version 2021). Chin J Tuberc Respir Dis. 2021;44(03):170–205. doi:10.3760/cma.j.cn112147-20210109-00031

26. Gaskin CJ, Happell B. On exploratory factor analysis: a review of recent evidence, an assessment of current practice, and recommendations for 
future use. Int J Nurs Stud. 2014;51(3):511–521. doi:10.1016/j.ijnurstu.2013.10.005

27. Zhou K, Huang X, Chen M, et al. Pre-hospital symptom clusters and symptom network analysis in decompensated cirrhotic patients: a 
cross-sectional study. J Adv Nurs. 2024. doi:10.1111/jan.16044

28. Chen H, Wang Y, Bai C, Wang X. Alterations of plasma inflammatory biomarkers in the healthy and chronic obstructive pulmonary disease patients 
with or without acute exacerbation. J Proteomics. 2012;75(10):2835–2843. doi:10.1016/j.jprot.2012.01.027

29. Chen H, Song Z, Qian M, Bai C, Wang X. Selection of disease-specific biomarkers by integrating inflammatory mediators with clinical informatics 
in AECOPD patients: a preliminary study. J Cell Mol Med. 2012;16(6):1286–1297. doi:10.1111/j.1582-4934.2011.01416.x

30. Williams DR. Bayesian estimation for Gaussian graphical models: structure learning, predictability, and network comparisons. Multivar Behav Res. 
2021;56(2):336–352. doi:10.1080/00273171.2021.1894412

31. Mori M, Krumholz HM, Allore HG. Using latent class analysis to identify hidden clinical phenotypes. JAMA. 2020;324(7):700–701. doi:10.1001/ 
jama.2020.2278

32. Yang Z, Cui M, Zhang X, et al. Identification of symptom clusters and their influencing factors in subgroups of Chinese patients with acute 
exacerbation of chronic obstructive pulmonary disease. J Pain Symptom Manage. 2020;60(3):559–567. doi:10.1016/j.jpainsymman.2020.03.037

33. Bhatt SP, Agusti A, Bafadhel M, et al. Phenotypes, etiotypes, and endotypes of exacerbations of chronic obstructive pulmonary disease. Am 
J Respir Crit Care Med. 2023;208(10):1026–1041. doi:10.1164/rccm.202209-1748SO

34. MacLeod M, Papi A, Contoli M, et al. Chronic obstructive pulmonary disease exacerbation fundamentals: diagnosis, treatment, prevention and 
disease impact. Respirol Carlton Vic. 2021;26(6):532–551. doi:10.1111/resp.14041

35. Machado A, Almeida S, Burtin C, Marques A. Giving voice to people - experiences during mild to moderate acute exacerbations of COPD. 
Chronic Obstr Pulm Dis Miami Fla. 2022;9(3):336–348. doi:10.15326/jcopdf.2022.0283

36. Xu M, Yu C, Lin X, et al. Identification of symptom clusters and change trajectories in patients with acute exacerbation of chronic obstructive 
pulmonary disease. Heliyon. 2024;10(13):e33745. doi:10.1016/j.heliyon.2024.e33745

37. Vanfleteren LE, Beghe B, Andersson A, Hansson D, Fabbri LM, Grote L. Multimorbidity in COPD, does sleep matter? Eur J Intern Med. 
2020;73:7–15. doi:10.1016/j.ejim.2019.12.032

38. Ebner N, Springer J, Kalantar-Zadeh K, et al. Mechanism and novel therapeutic approaches to wasting in chronic disease. Maturitas. 2013;75 
(3):199–206. doi:10.1016/j.maturitas.2013.03.014

39. Zuraikat FM, Wood RA, Barragán R, St-Onge MP. Sleep and diet: mounting evidence of a cyclical relationship. Annu Rev Nutr. 2021;41:309–332. 
doi:10.1146/annurev-nutr-120420-021719

40. Wang Y, Shen Y, Zuo Q, et al. Evaluation of ghrelin level and appetite regulation in patients with acute exacerbations of chronic obstructive 
pulmonary disease. Int J Chron Obstruct Pulmon Dis. 2014;9:863–870. doi:10.2147/COPD.S65195

41. Ducharme-Smith K, Mora-Garcia G, de Castro Mendes F, et al. Lung function, COPD and Alternative Healthy Eating Index in US adults. ERJ 
Open Res. 2021;7(4):00927–02020. doi:10.1183/23120541.00927-2020

42. van Iersel LEJ, Beijers RJHCG, Gosker HR, Schols AMWJ, van Iersel AMWJ. Nutrition as a modifiable factor in the onset and progression of 
pulmonary function impairment in COPD: a systematic review. Nutr Rev. 2022;80(6):1434–1444. doi:10.1093/nutrit/nuab077

43. Nordén J, Grönberg AM, Bosaeus I, et al. Nutrition impact symptoms and body composition in patients with COPD. Eur J Clin Nutr. 2015;69 
(2):256–261. doi:10.1038/ejcn.2014.76

44. da Rosa FB, Pasqualoto AS, Steele CM, Mancopes R, da Rosa FB. Oral and oropharyngeal sensory function in adults with chronic obstructive 
pulmonary disease. Am J Speech Lang Pathol. 2020;29(2):864–872. doi:10.1044/2019_AJSLP-19-00095

45. Beijers R, Steiner M, Schols A. The role of diet and nutrition in the management of COPD. Eur Respir Rev Off J Eur Respir Soc. 2023;32 
(168):230003. doi:10.1183/16000617.0003-2023

46. King DA, Cordova F, Scharf SM. Nutritional aspects of chronic obstructive pulmonary disease. Proc Am Thorac Soc. 2008;5(4):519–523. 
doi:10.1513/pats.200707-092ET

47. Liu X, Wang H, Zhu Z, et al. Exploring bridge symptoms in HIV-positive people with comorbid depressive and anxiety disorders. BMC Psychiatry. 
2022;22(1):448. doi:10.1186/s12888-022-04088-7

48. Verberkt CA, van den Beuken-van Everdingen MHJ, Schols JMGA, et al. Effect of sustained-release morphine for refractory breathlessness in 
chronic obstructive pulmonary disease on health status: a randomized clinical trial. JAMA Intern Med. 2020;180(10):1306–1314. doi:10.1001/ 
jamainternmed.2020.3134

49. O’Donnell DE, Milne KM, James MD, de Torres JP, Neder JA. Dyspnea in COPD: new mechanistic insights and management implications. Adv 
Ther. 2020;37(1):41–60. doi:10.1007/s12325-019-01128-9

50. Dahmer MK, Yang G, Zhang M, et al. Identification of phenotypes in paediatric patients with acute respiratory distress syndrome: a latent class 
analysis. Lancet Respir Med. 2022;10(3):289–297. doi:10.1016/S2213-2600(21)00382-9

51. Grunwell JR, Gillespie S, Morris CR, Fitzpatrick AM Latent class analysis of school-age children at risk for asthma exacerbation. J Allergy Clin 
Immunol Pract. 2020;8(7). doi:10.1016/j.jaip.2020.03.005

International Journal of Chronic Obstructive Pulmonary Disease 2025:20                                                https://doi.org/10.2147/COPD.S498792                                                                                                                                                                                                                                                                                                                                                                                                    191

Yu et al

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

https://doi.org/10.1080/15374416.2020.1756297
https://doi.org/10.1080/15374416.2020.1756297
https://doi.org/10.1017/S0033291719003404
https://doi.org/10.1097/ANS.0000000000000423
https://doi.org/10.1016/j.ebiom.2023.104942
https://doi.org/10.1177/0193945921995773
https://doi.org/10.3760/cma.j.cn112147-20210109-00031
https://doi.org/10.1016/j.ijnurstu.2013.10.005
https://doi.org/10.1111/jan.16044
https://doi.org/10.1016/j.jprot.2012.01.027
https://doi.org/10.1111/j.1582-4934.2011.01416.x
https://doi.org/10.1080/00273171.2021.1894412
https://doi.org/10.1001/jama.2020.2278
https://doi.org/10.1001/jama.2020.2278
https://doi.org/10.1016/j.jpainsymman.2020.03.037
https://doi.org/10.1164/rccm.202209-1748SO
https://doi.org/10.1111/resp.14041
https://doi.org/10.15326/jcopdf.2022.0283
https://doi.org/10.1016/j.heliyon.2024.e33745
https://doi.org/10.1016/j.ejim.2019.12.032
https://doi.org/10.1016/j.maturitas.2013.03.014
https://doi.org/10.1146/annurev-nutr-120420-021719
https://doi.org/10.2147/COPD.S65195
https://doi.org/10.1183/23120541.00927-2020
https://doi.org/10.1093/nutrit/nuab077
https://doi.org/10.1038/ejcn.2014.76
https://doi.org/10.1044/2019_AJSLP-19-00095
https://doi.org/10.1183/16000617.0003-2023
https://doi.org/10.1513/pats.200707-092ET
https://doi.org/10.1186/s12888-022-04088-7
https://doi.org/10.1001/jamainternmed.2020.3134
https://doi.org/10.1001/jamainternmed.2020.3134
https://doi.org/10.1007/s12325-019-01128-9
https://doi.org/10.1016/S2213-2600(21)00382-9
https://doi.org/10.1016/j.jaip.2020.03.005


52. Kaluźniak-Szymanowska A, Krzymińska-Siemaszko R, Deskur-śmielecka E, Lewandowicz M, Kaczmarek B, Wieczorowska-Tobis K. 
Malnutrition, sarcopenia, and malnutrition-sarcopenia syndrome in older adults with COPD. Nutrients. 2021;14(1):44. doi:10.3390/nu14010044

53. Lee SY, Nyunt MSZ, Gao Q, et al. Co-occurrence of physical frailty and COPD and association with disability and mortality: Singapore 
longitudinal ageing study. Chest. 2022;161(5):1225–1238. doi:10.1016/j.chest.2021.12.633

54. Zhang L, Yuan QY. Vitamin D should be supplemented more actively in elderly patients with coronary heart disease combined with COPD. 
Int J Chron Obstruct Pulmon Dis. 2016;11:1359–1365. doi:10.2147/COPD.S105671

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 2025:20 192

Yu et al                                                                                                                                                                               

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

https://doi.org/10.3390/nu14010044
https://doi.org/10.1016/j.chest.2021.12.633
https://doi.org/10.2147/COPD.S105671
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
	Materials and Methods
	Design and Subjects
	Sample Size
	Data Collection
	Research Tools
	Admission Basic Information Form
	Digital Evaluation Score System
	Outcomes

	Statistical Analysis
	Contemporaneous Symptom Network Analysis
	Subgroup Analysis and Differential Analysis


	Results
	Symptom Network Analysis in Patients with ECOPD
	Subgroup Analysis and Differential Analysis of Patients with ECOPD
	Subgroup Analysis
	Analyzing Differences in Different Subgroups
	Analysis of Characteristic Factors in Different Subgroups
	Differential Analysis of Auxiliary Examinations in Different Subgroups
	Comparison of Outcomes in Different Subgroups



	Discussion
	Limitations
	Conclusion
	Data Sharing Statement
	Ethics Approval Statement
	Acknowledgments
	Author Contributions
	Funding
	Disclosure

