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Objective: To understand the high-risk factors for disease progression in patients in the chronic obstructive pulmonary disease 
(COPD) group E in Ningbo, and to explore the impact of and treatment on the prognosis of these patients.
Methods: We retrospectively analyzed the clinical data of 101 COPD patients in terms of general demographics, physical baseline 
data, lung function, disease treatment, and prognosis and used crosstab analysis and logistic regression analysis to understand the 
characteristics of the population of patients at high risk of acute exacerbation of COPD (AECOPD) and the associated risk factors.
Results: Univariate analysis demonstrated that frequent acute exacerbation (AE) in the COPD group E population was significantly 
associated with more severe airflow limitation, a lower FEF75%, higher mMRC scores, and irregular disease management (P<0.05). 
Comorbid cardiovascular disease increased AE risk 4.138-fold (P<0.05). Multivariate analysis confirmed that irregular disease review, 
cardiovascular comorbidity, and mMRC grades 3–4 were risk factors (P<0.05). Regular review reduced AE risk, while cardiovascular 
disease and mMRC grades 3–4 increased the risk 8.802-fold and 12.327-fold, respectively.
Conclusion: The severity of airflow restriction, instantaneous flow during forced exhalation of 75% of the lung capacity, cardiovas
cular disease complexity, higher mMRC scores, and irregular participation in intervention treatment were associated with disease 
deterioration in patients at high risk of AECOPD. Regular participation in standardized intervention management and treatment is 
a protective factor against worsening events in high-risk patients with AECOPD. These results may reduce medical resource utilization 
and AE frequency while improving quality of life, thereby informing evidence-based COPD management strategies and optimizing 
chronic disease care and resource allocation.
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Introduction
Chronic Obstructive Pulmonary Disease (COPD) is a respiratory disease characterized by chronic respiratory symptoms 
such as chronic cough and sputum, chest tightness, and shortness of breath. It is a prevalent global disease with 
significant morbidity, disability, and mortality rates, profoundly impacting the health and quality of life of affected 
individuals.1,2 Acute exacerbation of chronic obstructive pulmonary disease (AECOPD) is a critical event characterized 
by the worsening of respiratory symptoms. This exacerbation is triggered by factors such as microbial infections, 
airborne particulate pollutants, comorbidities (such as the cardiovascular system, respiratory system, or endocrine 
metabolism), negative psychological factors, and deficiency disease, which then require adjustments in medication 
management.3 Acute exacerbation (AE) is a significant point in the progression and treatment of COPD, serving as 
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a critical event in the mortality of COPD patients and resulting in substantial health and economic implications for 
society and families.1,4 Patients in COPD group E are generally considered to be at a higher risk of developing AECOPD 
if they have experienced two or more AE events or at least one hospitalization for AE in the previous year.5 A higher 
frequency of AE, more severe disease symptoms (including typical respiratory symptoms such as cough, sputum 
production, chest constriction, and dyspnea), and a worse prognosis are observed in these patients.6–9 Therefore, the 
prompt identification of high-risk groups for AE and the application of efficient and standardized intervention and 
treatment techniques are critical for improving patient outcomes and reducing the need for medical resources.

Effective management of stable COPD involves addressing current symptoms and future risks to reduce the like
lihood of AE, slow disease progression, and improve patient survival rates. During AE episodes, the focus shifts to 
minimizing negative impacts and preventing recurrence. Consistent with this, standardized management throughout 
COPD is crucial for successful prevention and rehabilitation.10 The complex and varied nature of AECOPD suggests that 
a multitude of factors can influence the likelihood and severity of exacerbations.11–14 Consequently, investigating the 
primary determinants of AECOPD, particularly the relationship between comprehensive disease management and the 
onset and progression of exacerbations in group E, is highly important for preventing AE. Despite the inclusion of 
intervention management for AECOPD in many diagnosis and treatment guidelines, there is still room for improvement 
in understanding the specific correlation between the two. This study aimed to investigate the biological, environmental, 
psycho-behavioral, socioeconomic, and healthcare-related risk factors for AE development in group E COPD patients in 
Ningbo, China. The clinical significance of modifiable risk factors in subsequent disease management was also 
examined, including behaviors such as smoking, vaccination status, adherence to medication regimens, management of 
comorbidities, and compliance with regular follow-up appointments. These findings may facilitate early identification of 
high-risk COPD patients and inform the development of effective intervention strategies.

Materials and Methods
Research Subjects
Patients in group E (high-risk AECOPD patients), who sought care at the outpatient department and ward of the 
Department of Respiratory and Critical Care Medicine at the Affiliated Hospital of Ningbo University School of 
Medicine between January 1, 2020, and December 31, 2021. Participants were rigorously screened according to 
predefined inclusion criteria and applicable exclusion criteria obtained through medical record review. Using the 
electronic medical record system (HIS) and health platform at the Affiliated Hospital of Ningbo University School 
of Medicine, potential subjects were identified for this study. The final cohort of 101 subjects was established after 
excluding individuals who either became lost to follow-up, declined to participate, or provided incomplete 
treatment histories or behavioral data, as determined through telephone interviews and outpatient follow-up 
evaluations. All subjects underwent comprehensive diagnostic evaluations and pulmonary function testing upon 
enrollment.

The inclusion criteria for this study are as follows: a) 40 ≤ age ≤ 80; b) The patients who fulfilled the diagnostic 
criteria outlined in the Guidelines for the Diagnosis and Treatment of COPD and global initiative for COPD (GOLD) 
established by the COPD Group of the Respiratory Society of the Chinese Medical Association. Specifically, following 
the exclusion of other diagnoses, patients with a pulmonary function test showing a post-inhalation bronchodilator FEV1 

< 70% and clinical symptoms including a chronic cough, sputum, dyspnea, and/or a history of exposure to disease-related 
risk factors are definitively diagnosed with COPD; and c) COPD E group, AE-related hospitalizations, or at least two AE 
events in a year. Criteria for exclusion (satisfy any one of them): Individuals who have undergone anticancer therapy, 
have active pulmonary tuberculosis (TB) or pulmonary fibrosis, are deceased, are pregnant, have mixed cognitive and 
communicative abnormalities, are experiencing severe organ failure, or have been lost to follow-up.

Subjects were selected based on the number of AE times and hospitalizations in the preceding year. The patients were 
then categorized into two groups: the infrequent AE group (<2 times/year) and the frequent AE group (≥2 times/year or 
at least 1 hospitalization).
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Clinical Data Collection
The electronic medical record system of the affiliated hospital of Ningbo University Medical School, health browser, 
telephone follow-up, and outpatient services were utilized to gather pertinent clinical data. Baseline demographic, 
physical, life-work behavior, and medical condition information were collected. Physical examination data were 
measured and entered into the system by healthcare professionals following standard procedures. The remaining clinical 
data were obtained by the collectors from the HIS and the health platform, and the missing parts were added through 
outpatient or telephone follow-up. Subjects’ baseline demographic, life-work behavior, and medical condition informa
tion were verified twice during outpatient or telephone follow-ups. Clinical data were collected from patients with stable 
COPD, with strict adherence to privacy protection protocols and ethical standards throughout the study.

Observation Indicators and Definitions
Educational Level
According to subjects’ educational status, including primary and below, junior high school, high school and technical 
secondary school, college or above.

Residential Area
Subjects were classified by usual place of residence (countryside/urban).

Smoking Behavior
Following WHO’s 1997 standardized smoking survey methodology, smokers are defined as those with ≥6 months of 
continuous smoking. Current smokers were actively smoking within 30 days pre-data collection, while quitters had 
ceased by that time. Smoking intensity was measured in pack-years: (daily cigarettes/20) × smoking years.15

Biomass
Biomass exposure refers to smoke from burning biofuels (wood, animal manure, crops). Participants were classified by 
exposure status (yes/no).16

Occupational Dust
Occupational dust exposure refers to prolonged workplace exposure to production-related dust. Subjects were categor
ized based on exposure history (yes/no).

Influenza Vaccination
Subjects were stratified by annual influenza vaccination adherence over the preceding 3 years (yes/no).

Live Alone
Subjects living without cohabitants for ≥1 year were classified as living alone (yes/no).

COPD/Lung Function Awareness
COPD and lung function awareness reflect subjects’ understanding of these concepts, categorized as yes or no.

Modified Medical Research Council (mMRC)
mMRC scores ranges from grade 0 (dyspnea only during strenuous exercise) to grade 4 (severe dyspnea preventing basic 
activities or leaving home, with intermediate grades reflecting progressively worse symptoms: grade 1 indicates dyspnea 
when walking fast or climbing slight inclines; grade 2 describes walking slower than peers or needing to rest on level 
ground; and grade 3 requires stopping after walking 100m or a few minutes on level ground. We defined grades 0–2 as 
low-grade and grades 3–4 as high-grade.

Body Mass Index (BMI)
It was categorized into four groups: underweight (BMI <18.5), normal weight (18.5–23.9), overweight (24.0–27.9), and 
obese (≥28.0).
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Respiratory Symptoms
The primary clinical manifestations of COPD were categorized as cough, sputum, dyspnea, and chest tightness.

Regular Review
It was defined as regular tertiary hospital visits for comprehensive care, including symptom assessment, pulmonary 
evaluation (physical examination/imaging/lung function), medication guidance, and efficacy assessment. Participants 
were stratified by adherence: yes (≥4 annual visits) or no (<4).

Regular Medication
Subjects were categorized by medication adherence into yes (demonstrating correct inhalation technique with high 
adherence for ≥6 months) and no (failing to meet either the inhalation technique or adherence duration criteria).

COPD Grading
It was categorized into four groups: GOLD 1 (FEV1 ≥80%), GOLD 2 (50–79%), GOLD 3 (30–49%), and GOLD 4 
(FEV1 <30%).

Lung Function
Forced expiratory volume in one second (FEV1), peak expiratory flow (PEF), maximum mid-expiratory flow (MMEF), 
forced expiratory flow, forced expiratory flow 25% (FEF25%), forced expiratory flow 50% (FEF50%), forced expiratory 
flow 75% (FEF75%).

Comorbidity
The comorbidities assessed included cardiovascular, digestive (excluding hepatobiliary), respiratory, musculoskeletal, 
genitourinary, hepatobiliary, and endocrine diseases.

Ethical Issues
This research, which was approved by the Ethics Committee of Ningbo University Medical College Hospital 
(KY20201123), is part of the application research of “Internet + Medical Treatment” for Urban and Rural COPD 
Precision Treatment and Whole Course Management. This study complies with the Declaration of Helsinki. Given that 
the study is retrospective, the Ethics Committee Review Board of the First Affiliated Hospital of Ningbo University 
determined that it was not necessary to obtain informed consent for participation. Researchers only used the data for 
research purposes and would strictly keep the personal information and privacy confidential.

Statistical Methods
Statistical analysis of the experimental data was carried out with SPSS 27.0 statistical software and the R programming 
language. The measurement data are presented �x� s, and group comparisons were made using the independent sample 
t-test; the counting data are presented as rates, and the independence test was performed using the cross-contingency test. 
The quantitative influence link between the factors and the target was investigated using logistic regression analysis. The 
difference was statistically significant when P<α, with a significance level of α =0.05. The data have been well tested and 
none of them can reject the assumption of normality and are normally distributed.

Results
Analysis of Influencing Factors Related to Disease Progression in the COPD Group 
E Population
Comparison of Differences in Baseline Characteristics Between the Two Groups
This study included 101 individuals, with 37 patients in the infrequent-AE group and 64 in the frequent-AE group. 
Table 1 shows the baseline characteristics of the individuals.

Statistical analysis revealed that the mMRC score, regular review, FEF 75%, and airflow limitation severity were 
significantly associated with the risk of disease exacerbation in patients in the COPD group E (P < 0.05). The findings 
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Table 1 Analysis of Factors Influencing the Occurrence of AE in a Population of Patients in Group E

Factors AE Frequent  
Group (n=64)

AE Infrequent  
Group (n=37)

t/χ2 P Value

Age
40-59 8 (12.5%) 5 (13.5%) 0.210 0.883

60-80 56 (87.5%) 32 (86.5%)
Sex

Male 58 (90.6%) 34 (91.9%) 0.460 0.830

Female 6 (9.4%) 3 (8.1%)
Current smoker

No 28 (43.8%) 20 (54.1%) 0.748 0.387
Yes 36 (56.3%) 17 (54.9%)

Educational level
Primary and below 38 (59.4%) 20 (54.1%) 1.885 0.597
Junior high school 18 (28.1%) 11 (29.7%)

High school and technical secondary school 8 (12.5%) 5 (13.5%)

College or above 0 (0%) 1 (2.7%)
Residential area

Countryside 28 (43.8) 11 (29.7%) 1.944 0.163

Urban 36 (56.3%) 26 (70.3%)
Smoking behaviors

Daily packet number 1.23±0.96 1.00±0.708 1.219 0.226

Smoking years 28.36±14.78 29.03±16.07 0.212 0.833
Annual package number 40.55±34.65 35.48±27.90 0.758 0.450

Biomass
Yes 9 (14.1%) 6 (16.2%) 0.086 0.769
No 55 (85.9%) 31 (83.8%)

Occupational dust
Yes 25 (39.1%) 13 (35.1%) 0.154 0.695
No 39 (60.4%) 24 (64.9%)

Influenza vaccination
Yes 31 (48.4%) 19 (51.4%) 0.080 0.778
No 33 (51.6%) 18 (48.6%)

Live alone
Yes 10 (15.6%) 8 (21.6%) 0.576 0.448
No 54 (84.4%) 29 (78.4%)

COPD awareness
Yes 61 (95.3%) 31 (83.8%) 3.839 0.050
No 3 (4.7%) 6 (16.2%)

Lung function awareness
Yes 61 (95.3%) 35 (94.6%) 0.026 0.873
No 3 (4.7%) 2 (5.4%)

BMI (kg/m2) *
BMI<18.5 8 (12.5%) 2 (5.4%) 1.487 0.685

18.5≤BMI<24 34 (53.1%) 21 (56.8%)

24≤BMI<28 16 (25.0%) 11 (29.7%)

BMI≥28 6 (9.4%) 3 (8.1%)
Respiratory symptoms

Cough

Yes 20 (31.3%) 17 (54.8%) 2.181 0.140
No 44 (68.8%) 20 (45.9%)

(Continued)
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indicated that the AE-frequent COPD group E had worse FEF75% levels, more participants with mMRC scores in the high 
grades, more severe airflow limitation, and a higher percentage of subjects who did not participate in regular review than did 
the AE-infrequent group. This study revealed no statistically significant differences between the two groups of subjects in terms 
of age, sex, tobacco smoking status, education status, living alone, biomass exposure, occupational dust exposure, influenza 
vaccination, medication regularity, respiratory clinical symptoms, etc. (P > 0.05). Patients in the frequent AE group smoked 
more average daily cigarettes, more total smokers, and a higher percentage of subjects reported chest tightness symptoms.

The influence of regular review against the mMRC score on disease exacerbation in group E patients was then 
explored further, and the probability of AE occurrence was plotted on the basis of the mMRC score under various regular 
review grading settings. This demonstrated that regular review decreased the incidence of AE events in the group 
E sample across all mMRC score levels. The risk of AECOPD increased dramatically when the mMRC score increased 
from 1 to 3 but only slightly as the mMRC score increased from 0 to 1 (Figure 1).

Table 1 (Continued). 

Factors AE Frequent  
Group (n=64)

AE Infrequent  
Group (n=37)

t/χ2 P Value

Sputum
Yes 19 (29.7%) 14 (37.8%) 0.708 0.400

No 45 (70.3%) 23 (62.2%)

Dyspnea
Yes 5 (7.8%) 6 (16.2%) 1.706 0.191

No 59 (92.2%) 31 (83.8%)

Chest tightness
Yes 33 (51.6%) 13 (35.1%) 2.551 0.110

No 31 (48.4%) 24 (64.9%)

Regular review*
No 47 (73.4%) 15 (40.5%) 10.704 0.001

Yes 17 (26.6%) 22 (59.5%)

Regular medication*
Yes 43 (67.2%) 26 (70.3%) 0.103 0.748

No 21 (32.8%) 11 (29.7%)

mMRC*
0-2 29 (45.3%) 33 (89.2%) 17.236 <0.001

3-4 35 (54.7%) 4 (10.8%)

COPD grading (FEV1% pred)  
Mild (FEV1%pred ≥80) 8 (12.5%) 4 (10.8%) 8.689 0.034

Moderate (50≤ FEV1%pred <80) 21 (32.8%) 21 (56.8%)
Severe (30≤ FEV1%pred <50) 22 (34.4%) 11 (29.7%)

Extremely severe (FEV1%pred <30) 13 (20.3%) 1 (2.7%)

PEF%* 48.406±21.717 53.484±21.582 1.135 0.259
MMEF%* 29.142±28.110 35.354±29.791 1.047 0.298

FEF25%* 35.877±35.007 35.808±26.678 −0.100 0.992

FEF50%* 26.953±26.04 36.654±35.815 1.568 0.120
FEF75%* 30.158±23.667 41.665±28.342 2.188 0.031

Notes: Regular review was defined as one outpatient visit every 2–3 months and ≥ 4 annual reviews, including outpatient and 
hospitalization times. Regular medication was defined as using the inhalation device correctly and taking the drug for at least six 
months at the prescribed dose. In the statistics on whether to quit smoking, the nonsmoking group was classified as ex-smokers. 
Regular review, mMRC, COPD grading and FEF 75% had significant differences with P<0.05. 
Abbreviations: *BMI, body mass index; mMRC, modified Medical Research Council; FEV1, forced expiratory volume in one second; 
PEF, expiratory peak flow; MMEF, maximum mid-expiratory flow; FEF25%/50%/75%, forced expiratory flow 25%/50%/75%.
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Univariate Study of the Relationship Between Illness Progression and Systemic 
Comorbidities
To clarify the impact of various systemic comorbidities on the progression of AE in people at high risk, as well as the 
relationships among them, we included comorbidities from seven different systems: cardiovascular, digestive (except for 
liver and gallbladder diseases), respiratory, osteoarthritic, urinary, hepatobiliary, and endocrine system diseases. 
Univariate logistical regression analysis revealed that cardiovascular diseases may increase the probability of disease 
progression in group E individuals (P < 0.05). The study findings demonstrated that individuals at risk for AE who had 
cardiovascular disease had a 4.138-fold greater risk of experiencing disease exacerbation than those who did not 
(Table 2). More than half of the participants had atherosclerosis (54.5%) and hypertension (55.4%), the two most 
common disorders in the cardiovascular system category in our studies. However, no significant correlation was observed 
between the risk of disease exacerbation and other systemic comorbidities.

Figure 1 Probability of AECOPD corresponding to each grade of regular review and mMRC (The graph’s curves show how frequently the participants’ follow-up care was 
provided; a value of 1 denotes regular review, while a value of 0 denotes irregular review).

Table 2 Univariate Logistic Regression Analysis of Comorbidities 
Between the Two Groups

Comorbidity β sx Wald χ2 OR P

Cardiovascular system 1.420 0.653 4.733 4.138 0.030

Digestive system −0.784 0.850 0.852 0.456 0.356
Respiratory system 0.310 0.458 0.457 1.363 0.499

Osteoarticular system −0.077 0.507 0.023 0.926 0.879

Urinary system −0.252 0.702 0.128 0.777 0.720
Hepatobiliary system −0.121 0.554 0.048 0.886 0.827

Endocrine system −0.423 0.475 0.795 0.655 0.373
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Multivariate Logistic Regression Analysis
The degree of risk was further clarified by incorporating statistically significant variables into the multivariate logistic 
regression analysis model following the previous examination of the pertinent elements that may affect the group 
E subjects. Five variables in total were included in this multivariate logistic regression analysis (Table 3).

Multivariate logistic regression analysis revealed that cardiovascular disease, mMRC, and regular review may be risk 
factors for disease deterioration in group E subjects, and this relationship was statistically significant (P < 0.05). The odds 
ratio (OR) for patients with combined cardiovascular disease was 8.802 (95% CI: 1.334–58.072), indicating that 
individuals with more combined cardiovascular illness had an 8.802-fold greater risk of COPD exacerbation than 
those with less combined cardiovascular disease. The group E subjects with irregular reviews had a greater risk of 
illness deterioration (OR 0.136, 95% CI: 1.981–14.048). In addition, individuals with high mMRC scores (grades 3--4) 
were 12.327 times more likely to experience deterioration in their disease than those with relatively low mMRC scores 
(grades 0--2). Patients with mild airflow restriction had an OR of 8.799, but the difference was not statistically significant 
(P > 0.05).

Discussion
AE is the center of attention for the COPD process and is essential to the progression of the illness. A comprehensive 
analysis of the variables influencing the incidence of AE events in individuals at high risk of AE revealed that AE is not 
only a transient worsening of respiratory symptoms or airflow restriction but also the outcome of several multisystemic 
factors that are crucial in determining how the COPD disease process progresses. These factors include patient 
demographics, clinical background, social and environmental factors, and disease-modifying treatment approaches.2,3 

AECOPD and various contributing factors must be recognized, the qualitative and quantitative relationships between 
them and AECOPD must be clarified, and comprehensive interventions to lower the risk of acute exacerbation must be 
implemented to better manage those at high risk of AE. To improve the prognosis of these patients, investigating the 
relationships between clinical traits, treatment features, and other influencing factors and disease exacerbation in group 
E subjects is beneficial clinically. To complement the existing experimental findings of the relevant topics and the content 
of the literature, we analyzed the clinical case data and disease examination data of 101 patients at high risk of AE from 
the Affiliated Hospital of Ningbo University Medical College. The final results of this study indicate that in the Ningbo- 
based AECOPD patient population, the occurrence of AE events may be influenced by multiple factors, including the 
severity of airflow limitation, FEF75%, cardiovascular comorbidities, mMRC scores, and adherence to regular review.

We investigated the connection between a few lung function markers and the development of COPD in the present 
study. The results revealed that FEF 75% and airflow limitation severity in COPD patients were associated with worse 
performance outcomes in the group E population, which has more frequent disease exacerbations. These findings are 
consistent with findings in previous studies and may suggest that a greater degree of airflow limitation and worse mid- 
and late expiratory flow rates are linked to the occurrence of disease progression in individuals at high risk of AE.17,18 

The inflammatory response of the airways and the increase in small airway resistance can cause further decreases in lung 
ventilation function, the retention of carbon dioxide in the lungs, and worsening of patients’ conditions. Emphysema, 

Table 3 Multivariate Logistic Regression Analysis of AECOPD in the High-Risk Population

Variables Reference group β Wald χ2 P OR 95% CI

Regular review or not Irregular review −1.993 0.597 11.128 0.001 0.136
Cardiovascular system diseases No 2.175 0.963 5.105 0.024 8.802

mMRC 0-2 2.512 0.702 12.803 <0.001 12.327

COPD grading 0.082
Moderate Mid −2.332 1.385 2.835 0.092 0.097

Severe −2.952 1.256 5.522 0.019 0.052

Extremely severe −1.859 1.231 2.282 0.131 0.156
Constant 0.995 1.430 0.484 0.487 2.705
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sputum, and fibrous tissue production can also lead to pulmonary obstructive ventilation dysfunction, which causes 
persistent airflow limitation, affects metabolism and gas exchange, and results in disease deterioration in patients with 
COPD.19

Small airway dysfunction typically manifests early in the course of COPD, and there is a strong association between 
the severity of the condition and its progression.20–24 The literature indicates that assessments of small airway obstruction 
can serve as early predictors for future COPD and that pathologic changes such as reduced alveolar elastic rebound and 
increased small airway resistance can cause obstructive ventilation dysfunction in the lungs. Patients with small airway 
dysfunction are more likely to experience airflow restriction and declining lung function as their disease 
progresses.17,25,26 Although they have not received much attention, FEF25-75% and MMEF are frequently assessed in 
pulmonary function tests. These measurements probably represent minor airway branching, tube size, and airway 
cartilage.21 Clinical examinations are frequently used to quantify anomalies and severity using the percentage of 
anomalies measured against the expected values for these measures. In the current investigation, the FEF 75% level 
was lower in the group of participants with a high frequency of AE than in those with infrequent AE, even if we did not 
detect a significant correlation between MMEF and FEF 25–50% and the risk of AE. These data may suggest that in 
populations at high risk of adverse events, decreases in indicators of small airway function may be associated with an 
increased risk of adverse events. In addition, several studies have indicated that patients at high risk for AE with higher 
GOLD grades are also at increased risk for disease progression, with those with GOLD grades 3 and 4 being significantly 
more likely to be at high risk than those in the infrequent-AE group. The degree of airway compromise increases as the 
GOLD grade increases, with GOLD grade 1 having the least amount of airway compromise and GOLD grade 4 having 
the greatest amount.27 To further elucidate small airway function, we may add additional airway function scoring indices 
or combine them with imaging in subsequent experiments. This is because existing evidence suggests that predicting 
small airway function on the basis of only changes in various spirometric indices may lead to false positives or false 
negatives on the basis of age, height, sex, and interracial differences.21,28

These findings are similar to the results of previous studies on the risk of exacerbation of combined cardiovascular 
disease in the generalized COPD population.29–32 We also discovered in the comorbidity study that the risk of disease 
progression was 4.138 times greater in group E patients with cardiovascular disease, and that it was more pronounced in 
group E patients with comorbid cardiovascular disease. There was no significant correlation when the impact of other 
systemic diseases on the probability of disease advancement was examined in those who were at high risk of AE disease 
development (P > 0.05). In addition, cardiovascular system disease was found to be significantly correlated with patient’s 
risk of disease progression in a multifactorial regression analysis model. Compared with those without cardiovascular 
system disease, group E patients with cardiovascular comorbidities had an 8.802-fold greater risk of disease progression. 
In previous studies of a similar nature, those with AECOPD had a fourfold greater risk of cardiovascular events.33 By 
inducing vascular smooth muscle proliferation, pulmonary hypertension can increase the pulmonary artery diameter. 
Prolonged pulmonary hypertension can also result in a condition known as right heart overload and a reduction in the 
right heart’s ability to compensate. There is a subsequent increase in the risk of disease development when the ratio of 
pulmonary artery diameter to aortic diameter is greater than 1.34–36 Furthermore, extant research has established 
a correlation between coronary artery disease and the risk of disease progression. Specifically, patients with AECOPD 
who have severe airflow limitation and reduced lung function are at increased risk of developing coronary artery disease, 
potentially as a result of lung inflation, pulmonary hypertension, and the systemic inflammatory response.33,37–39 There 
was also a positive link between the length of hospital stay and the rate of ICU admission in COPD patients with 
concomitant coronary artery disease.40 Individual sex differences in AECOPD patients’ combined rates of coronary 
artery disease and the ensuing clinical consequences are noteworthy.40,41

Additionally, we discovered that in both groups with the two groups of patients with the two groups of patients with 
different frequencies of AE, the mMRC score and the presence or absence of regular reviews had an impact on disease 
exacerbation. The group E subjects with more frequent AE events had a higher proportion of mMRC scores with high 
grades. This finding shows that patients at higher risk who have more frequent exacerbations may also have more severe 
dyspnea symptoms and a higher degree of disease risk. An increase in the mMRC score suggests that patients at high risk 
of adverse events may have a worse clinical outcome since the mMRC score might, to some extent, reflect the patient’s 
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activity tolerance, quality of life, and illness prognosis. The mMRC grade was strongly correlated with the risk of disease 
deterioration in according to the multivariate regression model. Specifically, group E subjects with mMRC grades 3-- 
4 had a 12.327-fold greater risk of disease deterioration than did group E subjects with MMRC grades 0--2. Our research 
demonstrated that in group E subjects, following a regular review regimen throughout treatment significantly improved 
COPD disease control and prevented acute exacerbation. The occurrence of disease deterioration in individuals with 
a high risk of adverse events was then found to be negatively correlated with regular review, as demonstrated by 
multifactorial logistic regression analysis. Furthermore, after a thorough examination of the correlation between mMRC 
scores and adverse events, regular review was effective in reducing the risk of disease progression. However, differences 
exist across the range of mMRC scores. In contrast to the other ranges, the correlation between acute exacerbation and 
routine review was stronger when the mMRC score was grade 2. Therefore, timely intervention and management should 
be implemented for group E populations with elevated mMRC scores to minimize the risk of disease deterioration in 
clinical practice.

Consequently, it is anticipated that regular review, a crucial component of managing COPD, will increase the benefits 
for COPD patients during long-term management therapy. Many studies on COPD have shown that treating patients with 
interventions throughout both stable and acute exacerbation phases improves the prognosis of the disease.42–44 Regular 
review of the adverse events of group E individuals during disease control can help clinical medical staff monitor and 
manage the prognosis and development of the disease in group E individuals. This allows for timely adjustments to the 
patient’s treatment plans and enhances their capacity for self-management. The death and disability rates of COPD 
patients will increase in the future due to the high number of patients with this disease, as well as the persistence of 
numerous risk factors and the aging of the global population. For the group E patients, prompt diagnosis and treatment, 
as well as comprehensive intervention and management measures, are crucial. Long-term standardized management and 
intervention for COPD patients may also help improve the prognosis and quality of life of patients while lessening the 
negative effects of AE during disease.

Comparative analysis of the between-group differences between the frequent and infrequent deterioration groups 
revealed no significant relationships between the occurrence of disease deterioration in individuals at high risk of AE and 
baseline characteristics, including age, sex, education, place of residence, history of exposure to biofuel fumes, history of 
occupational exposure to dust, influenza vaccination, living alone, current smoking cessation, knowledge of COPD, 
knowledge of lung function, and BMI. Nonetheless, additional research conducted in different parts of the world has 
revealed some correlations between the aforementioned characteristics and AE.45–48 Research has demonstrated that for 
every ten years in which a patient’s age increases, the probability of an AE increases by 20%.49 In addition to age, the 
literature highlights the possibility that a BMI of less than 20 kg/m2 can act as a stand-alone risk factor for death from 
respiratory diseases; patients at high nutritional risk may experience abnormalities in their ability to swallow and breathe, 
which are strongly positively correlated with both the risk of adverse events and the risk of death.50–54 Higher education 
was associated with a lower risk of developing COPD, based on a 2018 large-scale epidemiological study conducted in 
China.2 A separate prospective study of 2499 participants found that COPD patients with elementary school education or 
less had a mortality risk over 4 times higher than those with university education or above, according to Cox regression 
analysis.51 Additionally, the 2024 GOLD report highlighted that COPD prevalence is higher in low and middle-income 
countries, identifying education level as one of the socioeconomic assessment indicators.10 These findings may reflect the 
association between educational attainment and progression of chronic lung disease.

The frequency and rate of AECOPD are significantly influenced by exposure to tobacco smoking.46,47 In recent years, 
there has been increasing emphasis on the threat that biomass smoke poses to the COPD community, particularly among 
female patients. Both types of smoke cause injury in the same way, eroding the mechanical barrier of the lungs, which 
increases the production of mucus in the sputum and fosters an environment that is more conducive to the survival of 
bacteria. This may exacerbate lung function decline, alter the host’s inflammatory response to microbes, and increase the 
risk of readmission and mortality in COPD patients.55–57 In light of these findings, more qualified participants 
(particularly females) might be added to later studies to better represent the target demographic in the data profile. By 
expanding the eligible sample size in the following experiments, in conjunction with other research in the literature, we 
can carry out more investigations into the distribution and baseline features of the group E subjects.
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The findings of this study may offer some clinical support for screening, hierarchical diagnosis, and treatment of 
COPD by urban and rural general practitioners in Ningbo. They may also help to advance the “Internet-Medical 
Management Information System for accurate treatment and full management of COPD in urban and rural areas”. 
This study, however, still has certain shortcomings.

First, the sample data used in this retrospective research were preexisting and could have been influenced by several 
biases or confounding variables. These findings may have limited generalizability to all high-risk populations due to 
potential selection bias. The study cohort may overrepresent easily accessible individuals while underrepresenting harder- 
to-reach groups. Meanwhile, the results likely reflect characteristics of psychologically resilient and health-conscious 
high-risk patients, as some AECOPD patients declined participation due to privacy concerns, whereas others voluntarily 
consented to follow-up. Additionally, COPD progression involves multifactorial determinants - including individual, 
environmental, and socioeconomic factors - not all of which could be accounted for in this study, potentially influencing 
the outcomes. Second, it is not possible to establish causal links between variables using retrospective studies; they can 
only offer correlations between variable indicators. Finally, given the limitations of the sample size and representative
ness, the findings of this study may not be fully applicable to all circumstances. However, future research may increase 
the sample size and enhance the sample selection process to increase the study’s external validity.

Conclusion
In high-risk AECOPD patients, AE is influenced by multiple factors, including airflow limitation, FEF75%, cardiovas
cular comorbidities, mMRC scores, and regular clinical review. Specifically, severe airflow obstruction, worse FEF75%, 
presence of cardiovascular comorbidities, higher mMRC scores, and irregular clinical review are all significantly 
associated with increased AE frequency. Promoting a healthy lifestyle, which includes maintaining a balanced diet, 
ensuring adequate sleep, and engaging in moderate exercise, along with urging smoking cessation and encouraging 
patients to exercise according to their fitness level, will mitigate the impact of cardiovascular disease. Meanwhile, we 
need to strengthen precise management and provide professional guidance for patients with higher mMRC scores. We 
should also encourage and supervise these patients to undergo regular assessment, take the initiative to understand their 
condition, and accept standardized interventions and management, thereby improving the disease prognosis.
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