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Purpose: Chronic obstructive pulmonary disease (COPD) exhibits heterogeneous symptom profiles across individuals. This study 
aimed to identify subgroups of patients with stable COPD according to physiological, psychological, and environmental symptoms; 
assess differences in their characteristics; and examine the association of symptom patterns with frailty.
Patients and Methods: We analyzed data from the second wave of a cohort study involving patients with COPD reassessed 6 
months after hospitalization for acute exacerbations. Frailty and patient-reported outcomes were measured using the FRAIL and 
Modified COPD–Patient-Reported Outcome (mCOPD–PRO) scales. Latent profile analysis identified subgroups based on mCOPD– 
PRO symptom patterns. Differences across symptom severity subgroups were assessed using post-hoc trend analyses and chi-square 
tests for trends. Multinomial logistic regression quantified the magnitude of differences between subgroups. The relationship between 
subgroups, clinical factors, and frailty was examined through linear regression.
Results: Among 308 patients with stable COPD, three subgroups were identified: “low-symptom” (27.9%), “moderate-symptom” 
(51.3%), and “severe-symptom” (20.8%). Body mass index, Global Initiative for Chronic Obstructive Lung Disease stage (GOLD), 
COPD Assessment Test (CAT) score, modified Medical Research Council (mMRC) score, and physical activity exhibited significant 
linear trends across subgroups of increasing symptom severity. Frailty scores differed significantly: 0.50 ± 0.78 in the low-symptom 
group, 1.34 ± 0.96 in the moderate-symptom group, and 2.72 ± 0.95 in the severe-symptom group. Multivariate analysis identified 
severe-symptom group (β coefficient [β]=0.62, 95% confidence interval [CI]: 0.21–1.03), rural residence (β=0.21, 95% CI: 0.04–0.39), 
GOLD (β=0.23, 95% CI: 0.07–0.39), mMRC (β=0.17, 95% CI: 0.03–0.31), and CAT score (β=0.04, 95% CI: 0.02–0.06) associated 
with frailty.
Conclusion: Patients with stable COPD can be categorized based on patient-reported outcomes, with differences in demographic and 
disease characteristics across subgroups. Patients with severe COPD symptoms revealed higher levels of frailty compared to those with 
low symptoms.

Plain Language Summary: Patients with chronic obstructive pulmonary disease (COPD) often experience a variety of symptoms, 
including physical, psychological, and environmental challenges, which may affect their health status and increase frailty risk. Patient- 
reported outcomes (PROs) are valuable tools in clinical practice that allow patients to report their symptoms and thus reflect on their 
health status. However, the relationship between distinct symptom patterns, sociodemographic and disease-related factors, and frailty 
among patients with stable COPD remains unclear. This study conducted in a large tertiary care institution in Sichuan Province of 
China, analyzed data from 308 patients with stable COPD who were evaluated six months after discharged from the hospital for acute 
exacerbations. Frailty was assessed by the FRAIL scale, and symptom patterns were measured through the Modified COPD Patient- 
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Reported Outcome (mCOPD-PRO). Latent profile analysis identified three subgroups: “low-symptom”, “moderate-symptom”, and 
“severe-symptom”. The results of the study showed that the severe-symptom group had higher levels of frailty compared to the low- 
symptom group. Furthermore, patients in the severe-symptom group tend to be physically inactive and have poorer health character-
istics, such as higher disease severity and symptom burden. These results emphasize the need for early screening and targeted 
interventions for patients with severe symptoms to mitigate frailty and its associated risks. By identifying symptom patterns and their 
relationship with frailty, this study highlights the importance of PROs in understanding patient experiences and guiding clinical 
strategies to improve care for patients with COPD. 

Keywords: frailty, COPD, acute exacerbation, patient-report outcome, aging

Introduction
Chronic obstructive pulmonary disease (COPD) is a highly prevalent and burdensome respiratory disease, and has been 
the third leading cause of global disease burden since 2010.1 Patients with COPD often experience various physical and 
psychological symptoms, including dyspnea, fatigue, appetite loss, pain, depression, and anxiety.2,3 Notably, most 
patients with COPD experience multiple concurrent symptoms, which known as symptom clusters.4,5 Furthermore, 
there is growing evidence that frailty is prevalent even in patients with stable COPD.6 As a clinical syndrome associated 
with a decline in multi-system physiological reserve, frailty has been identified as an important risk factor for COPD 
exacerbation, hospitalization, extended hospital stays, readmission and mortality.6–9 COPD is not only one of major 
contributor to global mortality and but also contributes to accelerated disability and impaired quality of life.10,11 Previous 
studies reported that management strategies that target multiple symptoms rather than single symptoms are more 
effective for these patients.4,5 Additionally, COPD shows heterogeneity in terms of disease progression, severity, and 
symptom presentation, which poses challenges for clinical management.12,13

Several studies have investigated the heterogeneity of clinical phenotypes or comorbidities among patients with COPD 
to promote personalized treatment and prognostication.14–16 However, few studies have explored symptom clusters in this 
population.5,17,18 Lim et al17 identified clusters of common symptoms in Korean patients with COPD, including dyspnea, 
depression, anxiety, fatigue, sleep disturbances, dry mouth, and decreased physical function. Park et al5,18 focused on 
clusters including dyspnea, anxiety, depression, and fatigue. Although these studies have provided valuable insights, the 
preselection of symptoms and use of multiple scales may lead to an incomplete or biased understanding of the symptom 
clusters experienced by patients with COPD in their daily lives.4,19 Additionally, assessment of different symptoms often 
requires the use of multiple scales, which may increase the burden on patients.20

Patient-reported outcomes (PROs) comprise multiple measures of symptoms, including symptom severity, activity 
limitation, and quality of life, and are critical to the management of patients with COPD.21 PROs allow patients to report 
the symptoms they experience without being limited to pre-defined measurements. Meanwhile, FRAIL scale22 is a self- 
assessment tool developed by the International Task Force on Nutrition, Health, and Aging, which integrates functional, 
cumulative, and biological models of frailty and assesses physical frailty while also including disease factors. It is a widely 
used measure with five components, namely, fatigue, resistance, ambulation, illness, and weight loss.

A better understanding of PRO patterns in patients with COPD as well as their relationships with sociodemographic 
and disease-related characteristics and frailty could provide a basis for developing targeted interventions. Therefore, this 
study aimed to: (1) identify distinct patterns of symptom experience based on PROs among patients with stable COPD, 
(2) examine differences in sociodemographic and disease-related characteristics among these subgroups, and (3) 
investigate the relationship of PRO patterns with frailty.

Methods
Design and Participants
This study was the second wave of an ongoing cohort study of patients with COPD. Baseline data (wave 1) were 
collected between August 2022 and September 2023 from 500 patients with AECOPD admitted to the Respiratory and 
Critical Care Medicine Department of a large tertiary care institution in Sichuan Province of China.23 Follow-up 
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assessments were conducted via telephone interview 6 months after hospital discharge. Of the 500 baseline participants, 
324 (64.8%) completed the follow-up assessment. After excluding 16 patients who experienced acute exacerbations 
within 4 weeks and/or medication adjustments within 3 months prior to follow-up, 308 patients with stable COPD were 
included in the final analysis. The diagnosis and disease stage of COPD was determined based on the Global Initiative for 
Chronic Obstructive Lung Disease (GOLD) guidelines.24

PROs Measurement
PROs were assessed using the Modified Patient-reported Outcome Scale (mCOPD–PRO)25 and divided into three 
domains: physiological, psychological, and environmental. The total and domain scores were averaged and obtained 
from the score/number of entries, with a resulting score ranging from 0 to 4. Higher scores indicated a more severe health 
condition. The detailed measurement of PROs was in Supplementary Figure 1.

Frailty Measurement
The frailty status was assessed using the FRAIL scale,22 a clinical frailty screening tool that applies a simple self- 
reported questionnaire format comprising five components: fatigue, resistance, ambulation, illness, and loss of weight. 
The total scale score ranged from 0 to 5, with higher scores indicating a frailer status.

Descriptive Characteristics and Covariates
The patient-reported sociodemographic characteristics included age, sex (male or female), body mass index (BMI), 
living status (alone or else), marital status (married or else), education level (middle school or below, high school or 
above), residence (rural, urban), economic status (poor [<1000 Chinese Yuan/month] or better-off [≥1000 Chinese 
Yuan/month]), smoking status (never, former, or current), drinking status (never, daily, sometimes, or former), and 
physical activity (active [daily exercise or some exercise >3 times per week] or inactive [no activity or some exercise 
≤3 times per week]).

Disease information assessed by the investigators based on patient self-reported information included duration of 
disease (<5 or ≥5 years), Charlson Comorbidity Index (CCI),26 COPD pulmonary function classification (GOLD I–IV), 
COPD Assessment Test (CAT) score,27 and modified Medical Research Council (mMRC) score.28

Statistical Analysis
First, the patterns of PROs were identified through latent profile analysis (LPA). The domains of mCOPD-PRO were 
used as observational indicators. We compared the robustness metrics of the models, including the Akaike Information 
Criterion (AIC), Bayesian Information Criterion (BIC), Bootstrapped Likelihood Ratio Test (BLRT), and the Vuong– 
LoMendell–Rubin likelihood ratio test (VLMR)29 among the synthesized models to determine the number of latent 
classes, including the AIC, the BIC lower and different from lesser classes of model comparisons (BLRT, VLMR < 0.05), 
a minimum sample size of 5% or 50 cases,30 and the relatively high entropy value of the models.31

Second, LPA analyses resulted in best-fit models for three subgroups with increasing symptom severity from low to 
high. We compared sociodemographic and disease-related characteristics between subgroups using descriptive statistics 
with one-way analysis of variance (ANOVA), Kruskal–Wallis tests, χ2 and Fisher’s exact tests. For multiple comparisons 
of PROs across subgroups, ANOVA followed by post hoc Tukey’s multiple comparisons test was performed. For 
sociodemographic and disease-related variables which showed significant differences across subgroups, we used multi-
nomial logistic regression to estimate odds ratios and 95% confidence intervals of belonging to moderate- and severe- 
symptom groups, while adjusted for age and sex. Subsequently, we used post-hoc trend analyses or chi-square test for 
trends to evaluate whether higher levels of these characteristics were associated with increasing symptom burden.

Finally, we computed univariate and multivariate linear regression models to explore the association between PRO 
subgroups, clinical factors, and frailty. Mplus (version 7.4) was used for the LPA, SPSS (version 26.0) was used for 
other statistical analyses, and GraphPad Prism 9.0.0 for graphing. Statistical significance was set at P < 0.05 (two- 
sided tests).
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Ethics Approval and Consent to Participate
This study was conducted in accordance with the ethical principles in the Declaration of Helsinki and approved by the 
Medical Ethics Committee of the Affiliated Hospital of North Sichuan Medical College (approval nos. 2022ER444-1 and 
2023ER324-1). Informed consent was obtained from all participants for participation in the study.

Results
This study included 308 participants, with a mean age of 72.4 ± 8.7 years and 24.0% females.

Model Fitting
Table 1 shows the model fit indices for LPA based on lower AIC (1855.07) and BIC (1907.29), significant differences 
from models with one less category (BLRT, VLMR < 0.05), higher entropy values (0.85), and a minimum sample size 
>5% or 50 cases. The minimum sample size for the 4-profile model was less than 50 cases. Therefore, we selected 
a model with three profiles.

Patterns of Patient-Reported Outcomes
Three distinct PRO patterns were identified: low-symptom (27.9%), moderate-symptom (51.3%), and severe-symptom 
(20.8%) groups. Figure 1 and Table 2 show the scores for each domain of PROs across these subgroups. The low- 
symptom group had the lowest mean scores in physiological, psychological, and environmental domains. The moderate- 
symptom group scored close to the mean of all domains, whereas the severe-symptom group had the highest scores in all 
domains, which suggests that their symptom burden is the heaviest. As shown in Figure 1, the differences in PRO scores 
of all domains were statistically significant (all P < 0.0001).

Comparisons of Sociodemographic and Disease-Related Characteristics According to 
PRO Patterns
Table 2 shows the sociodemographic and disease-related characteristics of participants in each group. Significant 
differences were observed in BMI, GOLD stage, mMRC, CAT scores, and physical activity among the groups. 
Detailed comparisons of these variables across PRO patterns are shown in Supplementary Figure 2. Moreover, Table 3 
presents the magnitude of the trend in terms of the difference in rank comparison between the moderate- and severe- 
symptom groups, with a reference to the low-symptom group. Compared to the low-symptom group, patients in the 
moderate- and severe-symptom groups had higher odds of advanced GOLD stages (OR = 3.47 [95% CI: 2.23–5.38] and 
9.46 [5.49–16.29], respectively; P < 0.001), higher CAT scores (OR = 1.37 [1.26–1.48] and 1.84 [1.64–2.07]; P < 0.001), 
and higher mMRC scores (OR = 3.00 [2.12–4.25] and 12.63 [7.31–21.83]; P < 0.001). Conversely, BMI showed 
a protective association, with lower odds of belonging to the moderate- and severe-symptom groups (OR = 0.87 
[0.81–0.94] and 0.88 [0.80–0.96]; P = 0.002). Physically active patients were less likely to be in the moderate- or severe- 
symptom groups (OR = 0.06 [0.02–0.27] and 0.01 [0.00–0.04], respectively; P < 0.001).

Table 1 Model Comparison of Latent Profile Analysis Fit in PRO Patterns

No. Profiles AIC BIC a-BIC VLMR-LRT BLRT Entropy Sample Proportion (%)

1 2375.23 2397.61 2378.58 - - 1.00 100

2 2040.31 2077.61 2045.89 <0.001 <0.001 0.84 29/71
3 1855.07 1907.29 1862.89 0.012 <0.001 0.85 21/28/51

4 1814.45 1881.60 1824.51 0.040 <0.001 0.85 7/20/25/48

5 1793.30 1875.36 1805.59 0.450 <0.001 0.87 10/11/17/26/36

Abbreviations: AIC, Akaike Information Criterion; BIC, Bayesian Information Criterion; BLRT, Bootstrapped Likelihood Ratio Test; 
LRT, Likelihood Ratio Test; VLMR, Vuong–LoMendell–Rubin likelihood ratio.
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Association Between PRO Patterns, Clinical Factors, and Frailty
Participants’ frailty scores differed significantly across subgroups: 0.50 ± 0.78 in the low-symptom group, 1.34 ± 0.96 in 
the moderate-symptom group, and 2.72 ± 0.95 in the severe-symptom group. Figure 2 shows the results of univariate and 
multivariate linear regression models examining the association between PRO patterns, clinical factors, and frailty. 
Univariate analysis identified several factors significantly associated with frailty level: PRO patterns (moderate-symptom 
and severe-symptom groups), age, BMI, residence, GOLD, mMRC, CAT score, and physical activity. The multivariate 
linear regression model revealed that the severe-symptom group (β coefficient [β] 0.62, 95% CI: 0.21–1.03, P = 0.003), 

Figure 1 Scores for each domain of PROs in the three profiles. 
Note: ****P < 0.0001. 
Abbreviation: PRO, patient-reported outcome.

Table 2 Baseline Characteristics of the Study Population According to PRO Patterns

Variables Total (n = 308) Low-Symptom  
(n = 86)

Moderate- Symptom  
(n = 158)

Severe-Symptom  
(n = 64)

F/χ² P

PRO score, Mean ± SD 1.35 ± 0.78 0.45 ± 0.30 1.38 ± 0.33 2.46 ± 0.48 579.24 <0.001

Physiological domain, Mean ± SD 1.42 ± 0.82 0.48 ± 0.37 1.48 ± 0.44 2.53 ± 0.39 464.23 <0.001

Psychological domain, Mean ± SD 0.98 ± 0.86 0.19 ± 0.32 0.91 ± 0.51 2.22 ± 0.61 314.78 <0.001

Environmental domain, Mean ± SD 1.90 ± 0.95 0.84 ± 0.61 1.98 ± 0.47 3.08 ± 0.63 311.98 <0.001

Age, Mean ± SD 72.44 ± 8.73 70.72 ± 9.07 73.35 ± 9.00 72.48 ± 7.27 2.56 0.079

Sex, n (%) 1.66 0.435

Male 234 (76.0) 61 (70.9) 123 (77.9) 50 (78.1)

Female 74 (24.0) 25 (29.1) 35 (22.2) 14 (21.9)

BMI, Mean ± SD 21.23 ± 3.75 22.62 ± 3.98 20.67 ± 3.51 20.76 ± 3.60 8.54 <0.001

Disease duration, n(%) 1.83 0.401

<5 years 84 (27.3) 28 (32.6) 41 (26.0) 15 (23.4)

≥5 years 224 (72.7) 58 (67.4) 117 (74.1) 49 (76.6)

GOLD, M (Q₁, Q₃) 2.00 (1.00, 3.00) 1.00 (1.00, 2.00) 2.00 (2.00, 3.00) 3.00 (2.00, 4.00) 86.92# <0.001

CAT score, M (Q₁, Q₃) 16.00 (9.00, 23.00) 6.00 (2.00, 9.00) 16.00 (12.00, 20.00) 26.00 (24.00, 29.00) 182.97# <0.001

mMRC, M (Q₁, Q₃) 2.00 (1.00, 3.00) 1.00 (1.00, 2.00) 2.00 (2.00, 3.00) 3.50 (3.00, 4.00) 120.11# <0.001

CCI, M (Q₁, Q₃) 1.00 (1.00, 2.00) 1.00 (1.00, 2.00) 1.00 (1.00, 2.00) 2.00 (1.00, 2.00) 0.45# 0.800

(Continued)
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rural residence (β 0.21, 95% CI: 0.04–0.39, P = 0.018), GOLD (β 0.23, 95% CI: 0.07–0.39, P = 0.006), mMRC (β 0.17, 
95% CI: 0.03–0.31, P = 0.018), and CAT score (β 0.04, 95% CI: 0.02–0.06, P < 0.001) were associated with frailty, 
accounting for 57.9% of the variance.

Table 2 (Continued). 

Variables Total (n = 308) Low-Symptom  
(n = 86)

Moderate- Symptom  
(n = 158)

Severe-Symptom  
(n = 64)

F/χ² P

Living status, n(%) 5.26 0.072

Else 288 (93.8) 76 (89.4) 149 (94.3) 63 (98.4)

Alone 19 (6.2) 9 (10.6) 9 (5.7) 1 (1.6)

Marital status, n(%) 4.67 0.097

Married 270 (87.7) 75 (87.2) 134 (84.8) 61 (95.3)

Else 38 (12.3) 11 (12.8) 24 (15.2) 3 (4.7)

Education level, n(%) 0.48 0.788

Middle school or below 278 (90.3) 78 (90.7) 141 (89.2) 59 (92.2)

High school or above 30 (9.7) 8 (9.3) 17 (10.8) 5 (7.8)

Residence, n(%) 4.83 0.090

Rural 172 (55.8) 41 (47.7) 89 (56.3) 42 (65.6)

Urban 136 (44.2) 45 (52.3) 69 (43.7) 22 (34.4)

Economic status, n(%) 1.41 0.495

Better-off 222 (72.1) 66 (76.7) 110 (69.6) 46 (71.9)

Poor 86 (27.9) 20 (23.3) 48 (30.4) 18 (28.1)

Smoking status, n(%) 2.10 0.717

Never 81 (26.3) 25 (29.1) 43 (27.2) 13 (20.3)

Former 194 (63.0) 51 (59.3) 98 (62.0) 45 (70.3)

Current 33 (10.7) 10 (11.6) 17 (10.8) 6 (9.4)

Drinking status, n(%) - 0.556

Never 100 (32.5) 29 (33.7) 54 (34.2) 17 (26.6)

Former 179 (58.1) 47 (54.7) 88 (55.7) 44 (68.8)

Sometimes 25 (8.1) 8 (9.3) 14 (8.9) 3 (4.7)

Daily 4 (1.3) 2 (2.3) 2 (1.3) 0 (0.0)

Physical activity, n(%) 87.45 <0.001

Active 213 (69.2) 84 (97.7) 112 (70.9) 17 (26.6)

Inactive 95 (30.8) 2 (2.3) 46 (29.1) 47 (73.4)

Frail score, Mean ± SD 1.39 ± 1.19 0.50 ± 0.78 1.34 ± 0.96 2.72 ± 0.95 108.97 <0.001

Notes: F: ANOVA, χ²: Chi-square test, #Kruskal–waills test, -: Fisher’s exact test. 
Abbreviations: BMI, body mass index; CAT, COPD Assessment Test; CCI, Charlson Comorbidity Index; GOLD, Global Initiative for Chronic Obstructive 
Lung Disease; mMRC, modified Medical Research Council; PRO, patient-reported outcome; M, Median; Q₁, 1st Quartile; Q₃, 3rd Quartile; SD, standard 
deviation.

Table 3 Trend Analysis and Group Differences in Sociodemographic and Disease-Related 
Characteristics

Characteristics OR (95% CI):  
Class 2 vs Class 1

OR (95% CI):  
Class 3 vs Class 1

P for Trend

BMI (Continuous) 0.87 (0.81, 0.94) 0.88 (0.80, 0.96) 0.002

GOLD stage (Continuous) 3.47 (2.23, 5.38) 9.46 (5.49, 16.29) <0.001

CAT score (Continuous) 1.37 (1.26, 1.48) 1.84 (1.64, 2.07) <0.001
mMRC (Continuous) 3.00 (2.12, 4.25) 12.63 (7.31, 21.83) <0.001

Physical activity=Active (ref. Inactive) 0.06 (0.02, 0.27) 0.01 (0.00, 0.04) <0.001

Note: The multinomial logistic regression model was adjusted for age and sex. 
Abbreviations: BMI, body mass index; CAT, COPD Assessment Test; CI, confidence interval; GOLD, Global Initiative 
for Chronic Obstructive Disease; mMRC, modified Medical Research Council; OR, odds ratio; CI, confidence interval.
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Discussion
This study identified three distinct PROs subgroups among patients with stable COPD who were heterogeneous in 
physiological, psychological and environmental domains, respectively. Our findings suggest that increasing symptom 
severity from the low-symptom to moderate-symptom to severe-symptom subgroups was associated with unfavorable 
sociodemographic and disease-related characteristics. In detail, the severe-symptom group had lower BMI, reduced 

Figure 2 Association between PRO patterns, clinical factors, and frailty. 
Note: Missing variables: CCI (n = 3) and living status (n = 1). 
Abbreviations: PRO, patient-reported outcome; BMI, body mass index; CAT, COPD Assessment Test; CCI, Charlson Comorbidity Index; GOLD, Global Initiative for 
Chronic Obstructive Lung Disease; mMRC, modified Medical Research Council.
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physical activity, poorer lung function, more severe dyspnea, and higher symptom burden. Additionally, the severe- 
symptom group, rural residence, GOLD, mMRC, and CAT score were associated with higher levels of frailty.

Although previous studies have explored the heterogeneity of COPD and attempted to categorize patients into 
different subgroups or clinical phenotypes, few studies have examined patient-reported symptom patterns. Existing 
studies have mainly focused on clustering based on a combination of clinical characteristics, including age, sex, BMI, 
lung function, physical activity, and quality of life measures.14,15 In contrast, the current study focuses on patient- 
reported symptoms without the need for specialized physical measurements and laboratory tests. This approach not only 
simplifies the screening process for identifying vulnerable populations but also facilitates the practicality and feasibility 
of post-discharge evaluation of patients in clinical practice.

Among the limited number of studies on patient-reported symptoms, Lim et al17 clustered participants according to 
physical and psychological symptoms including dyspnea, fatigue, depression, anxiety, sleep disorders, dry mouth, and 
physical functioning status, and identified them into three subgroups: respiratory functioning, emotional, and fatigue- 
sleep symptom. The results examined that these symptom patterns were associated with clinical features and negatively 
impacted quality of life. Similarly, Park and Larson5 categorized patients into three patterns based on the symptoms of 
dyspnea, anxiety, depression, and fatigue. Subsequently, they assessed the differences between these patterns in terms of 
healthcare utilization and mortality, and found that patients with more severe symptoms used medical services more 
frequently and were more likely to die during the 5-year follow-up period than those with less severe symptoms.

The current study used a validated, multidimensional patient-reported outcome measure (mCOPD–PRO) rather than 
separate scales for individual symptoms, which reduced the assessment burden on patients. Furthermore, the mCOPD– 
PRO assesses not only physical and psychological symptoms but also includes the impact of environmental factors, thus 
provide a more accurate and comprehensive assessment of patients’ health status. The relationship between symptom 
severity and disease burden is further supported by our findings that patients in the symptom-severe group had poorer 
disease characteristics, including advanced GOLD stage, more severe dyspnea (mMRC score), and higher symptom 
burden (CAT score), which further demonstrates the relationship between symptom severity and disease burden.

The mechanisms underlying the association between severe COPD symptoms and frailty are complex. According to 
the results of previous studies, the chronic inflammatory state associated with COPD causes muscle wasting and 
catabolism, leading to sarcopenia, which is a key component of frailty.32,33 Moreover, increased respiratory workload 
and respiratory dysfunction in patients with COPD can further exacerbate muscle weakness and impair physical 
performance.34,35 In addition, severe respiratory symptoms such as dyspnea and fatigue can limit physical activity and 
promote a sedentary lifestyle, that resulted in decreased physical performance and further muscle atrophy.17,20 

Meanwhile, the commonly psychological symptoms of anxiety and depression can also negatively impact patient 
motivation as well as adherence to treatment and self-management, which contribute to functional decline and frailty.36,37

Environmental factors are also important in exacerbating COPD symptoms and may contribute to frailty. Exposure to 
confined or poorly ventilated environments can increase the concentration of indoor air pollutants, which can further 
exacerbate patients’ respiratory symptoms and systemic inflammation.38 As a result of worsening respiratory symptoms 
or limited in their daily living abilities, it could reduce patients’ ability to interact with friends, colleagues, and neighbors, 
and leads to reduced physical activity and social isolation.35,39 Furthermore, changes in weather conditions can trigger 
respiratory symptoms and exacerbations in patients with COPD, such as cloudiness, haze, humidity, or sudden 
temperature fluctuations.40

The observed association between patient-reported patterns and frailty has important implications for clinical practice. 
First, it emphasizes the need for comprehensive symptom assessment using validated PROs, which can provide valuable 
insights into the multidimensional nature of symptom experiences in COPD.24 By identifying patients with severe 
symptom patterns, clinicians can prioritize targeted interventions to reduce symptom burden and potentially mitigate the 
development or worsening of frailty.41 Second, the findings underscore the importance of routine screening for frailty 
among patients with COPD, especially those with severe symptoms. Early identification of people at high risk of frailty 
and implementation of interventions is particularly beneficial for this vulnerable population.42

The strengths of this study are the validation of the existence of heterogeneity of symptoms in patients with stable 
COPD and categorize them according to their PROs, thus identifying different symptom patterns in the population and 
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revealing the possible benefits of risk-stratified interventions rather than uniform disease management. In addition, this 
study explored the relationship between these symptom patterns, clinical factors, and frailty to inform the identification 
of vulnerable populations and the development of interventions. Furthermore, this study used validated, multidimensional 
patient-reported measures rather than categorizing patients based on a single or few symptoms, and the association with 
level of frailty further reveals the validity of using patient-reported outcome measures in clinical practice.

However, this study has several limitations. Due to the complex and dynamic nature of COPD, participants’ PRO 
patterns may change over time. Therefore, further longitudinal or trajectory studies are necessary to assess these dynamic 
changes and their relationship with frailty. In addition, the study was conducted at a single center with relatively small 
sample sizes for each PRO pattern subgroup, which may limit the generalizability of the findings. Future multi-center 
studies with larger sample sizes are needed to validate these findings and enhance the generalizability of the results.

Conclusion
This study identified three distinct subgroups of patients with stable COPD based on patient-reported outcomes of 
physiological, psychological, and environmental domains: low-symptom (27.9%), moderate-symptom (51.3%), and 
severe-symptom (20.8%). Furthermore, BMI, GOLD, mMRC, CAT score, and physical activity were associated with 
symptom severity. Notably, the severe-symptom pattern, rural residence, GOLD, mMRC, and CAT score were associated 
with higher frailty levels. These findings highlight the importance of symptoms assessment for early identification of 
patients at risk for frailty and implementation of targeted interventions to prevent or delay its progression in vulnerable 
individuals.

Abbreviations
AIC, Akaike Information Criterion; BIC, Bayesian Information Criterion; VLMR, Vuong–LoMendell–Rubin likelihood 
ratio; BLRT, Bootstrapped Likelihood Ratio Test; BMI, body mass index; CAT, COPD Assessment Test; CCI, Charlson 
Comorbidity Index; COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive 
Lung Disease; mCOPD-PRO, Modified COPD Patient-Reported Outcome; LPA, latent profile analysis; mMRC, modified 
Medical Research Council; SD, standard deviation; OR, odds ratio; CI, confidence interval.

Data Sharing Statement
The datasets are available from the corresponding author upon reasonable request.

Consent for Publication
Informed consent was obtained from all participants for participation in the study and publication of information.

Acknowledgments
We thank Prof. Jiansheng Li and his team for authorizing us to use the Modified Patient-Reported Outcome Scale 
(mCOPD-PRO).

Author Contributions
All authors contributed significantly to the work, including conception, study design, execution, data acquisition, 
analysis, and interpretation. They participated in drafting, revising, or critically reviewing the article; approved the 
final version for publication; agreed on the submission; and accepted responsibility for all aspects of the work.

Funding
This work was supported by Research Development Program of the Affiliated Hospital of North Sichuan Medical 
College, Grant No. 2024LC004, Nanchong City Philosophy and Social Science Research Project, Grant No. NC25B243, 
and grant from China Scholarship Council, Grant No. 202208510018.

International Journal of Chronic Obstructive Pulmonary Disease 2025:20                                                https://doi.org/10.2147/COPD.S517270                                                                                                                                                                                                                                                                                                                                                                                                   1935

Yang et al

Powered by TCPDF (www.tcpdf.org)



Disclosure
The authors declare that they have no competing interests.

References
1. Adeloye D, Song P, Zhu Y, Campbell H, Sheikh A, Rudan I. Global, regional, and national prevalence of, and risk factors for, chronic obstructive 

pulmonary disease (COPD) in 2019: a systematic review and modelling analysis. Lancet Respir Med. 2022;10(5):447–458. doi:10.1016/S2213- 
2600(21)00511-7

2. World Health Organization. Chronic obstructive pulmonary disease (COPD). Available from: http://www.who.int/news-room/fact-sheets/detail/ 
chronic-obstructive-pulmonary-disease-copd. Accessed April 23, 2024.

3. Maddocks M, Lovell N, Booth S, Man WD, Higginson IJ. Palliative care and management of troublesome symptoms for people with chronic 
obstructive pulmonary disease. Lancet. 2017;390(10098):988–1002. doi:10.1016/S0140-6736(17)32127-X

4. 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

5. Park SK, Larson JL. Symptom cluster, healthcare use and mortality in patients with severe chronic obstructive pulmonary disease. J Clin Nurs. 
2014;23:2658–2671. doi:10.1111/jocn.12526

6. Marengoni A, Vetrano DL, Manes-Gravina E, Bernabei R, Onder G, Palmer K. The relationship between COPD and frailty: a systematic review 
and meta-analysis of observational studies. Chest. 2018;154(1):21–40. doi:10.1016/j.chest.2018.02.014

7. Bernabeu-Mora R, García-Guillamón G, Valera-Novella E, Giménez-Giménez LM, Escolar-Reina P, Medina-Mirapeix F. Frailty is a predictive 
factor of readmission within 90 days of hospitalization for acute exacerbations of chronic obstructive pulmonary disease: a longitudinal study. Ther 
Adv Respir Dis. 2017;11(10):383–392. doi:10.1177/1753465817726314

8. Luo J, Zhang D, Tang W, Dou L-Y, Sun Y. Impact of frailty on the risk of exacerbations and all-cause mortality in elderly patients with stable 
chronic obstructive pulmonary disease. Clin Interv Aging. 2021;16:593–601. doi:10.2147/CIA.S303852

9. Yee N, Locke ER, Pike KC, et al. Frailty in chronic obstructive pulmonary disease and risk of exacerbations and hospitalizations. Int J Chron 
Obstruct Pulmon Dis. 2020;15:1967–1976. doi:10.2147/COPD.S245505

10. Halbert RJ, Natoli JL, Gano A, Badamgarav E, Buist AS, Mannino DM. Global burden of COPD: systematic review and meta-analysis. Eur Respir 
J. 2006;28(3):523–532. doi:10.1183/09031936.06.00124605

11. Safiri S, Carson-Chahhoud K, Noori M, et al. Burden of chronic obstructive pulmonary disease and its attributable risk factors in 204 countries and 
territories, 1990-2019: results from the Global Burden of Disease Study 2019. BMJ. 2022;378:e069679. doi:10.1136/bmj-2021-069679

12. Cen LJ, Zhang XX, Guan WJ. Phenotyping acute exacerbation of COPD: what more can we do for hospitalised patients. ERJ Open Res. 2021;7 
(3):00362–2021. doi:10.1183/23120541.00362-2021

13. MacIntyre N, Huang YC. Acute exacerbations and respiratory failure in chronic obstructive pulmonary disease. Proc Am Thorac Soc. 2008;5 
(4):530–535. doi:10.1513/pats.200707-088ET

14. de Torres JP, Marin JM, Martinez-Gonzalez C, de Lucas-Ramos P, Cosio B, Casanova C. The importance of symptoms in the longitudinal 
variability of clusters in COPD patients: a validation study. Respirology. 2018;23(5):485–491. doi:10.1111/resp.13194

15. Zucchi JW, Franco EAT, Schreck T, et al. Different clusters in patients with chronic obstructive pulmonary disease (COPD): a two-center study in 
Brazil. Int J Chron Obstruct Pulmon Dis. 2020;15:2847–2856. doi:10.2147/COPD.S268332

16. Chubachi S, Sato M, Kameyama N, et al. Identification of five clusters of comorbidities in a longitudinal Japanese chronic obstructive pulmonary 
disease cohort. Respir Med. 2016;117:272–279. doi:10.1016/j.rmed.2016.07.002

17. Lim KE, Kim SR, Kim HK, Kim SR. Symptom clusters and quality of life in subjects with COPD. Respir Care. 2017;62(9):1203–1211. 
doi:10.4187/respcare.05374

18. Park SK, Meldrum CA, Larson JL. Subgroup analysis of symptoms and their effect on functioning, exercise capacity, and physical activity in 
patients with severe chronic obstructive pulmonary disease. Heart Lung. 2013;42(6):465–472. doi:10.1016/j.hrtlng.2013.08.008

19. Xiao C. The state of science in the study of cancer symptom clusters. Eur J Oncol Nurs. 2010;14(5):417–434. doi:10.1016/j.ejon.2010.05.011
20. Fei F, J Siegert R, Zhang X, Gao W, Koffman J. Symptom clusters, associated factors and health-related quality of life in patients with chronic 

obstructive pulmonary disease: a structural equation modelling analysis. J Clin Nurs. 2023;32:298–310. doi:10.1111/jocn.16234
21. Mathioudakis AG, Moberg M, Janner J, Alonso-Coello P, Vestbo J. Outcomes reported on the management of COPD exacerbations: a systematic 

survey of randomised controlled trials. ERJ Open Res. 2019;5(2):00072–2019. doi:10.1183/23120541.00072-2019
22. Abellan van Kan G, Rolland YM, Morley JE, Vellas B. Frailty: toward a clinical definition. J Am Med Dir Assoc. 2008;9(2):71–72. doi:10.1016/j. 

jamda.2007.11.005
23. Yang M, Liu Y, Zhao Y, et al. Association of frailty with patient-report outcomes and major clinical determinants in patients with acute exacerbation 

of chronic obstructive pulmonary disease. Int J Chron Obstruct Pulmon Dis. 2024;19:907–919. doi:10.2147/COPD.S444580
24. Mirza S, Clay RD, Koslow MA, Scanlon PD. COPD guidelines: a review of the 2018 GOLD report. Mayo Clin Proc. 2018;93(10):1488–1502. 

doi:10.1016/j.mayocp.2018.05.026
25. Li J, Wang J, Xie Y, Feng Z. Development and validation of the modified patient-reported outcome scale for chronic obstructive pulmonary disease 

(mCOPD-PRO). Int J Chron Obstruct Pulmon Dis. 2020;15:661–669. doi:10.2147/COPD.S240842
26. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic comorbidity in longitudinal studies: development and 

validation. J Chronic Dis. 1987;40(5):373–383. doi:10.1016/0021-9681(87)90171-8
27. Jones PW, Harding G, Berry P, Wiklund I, Chen WH, Kline Leidy N. Development and first validation of the COPD assessment test. Eur Respir J. 

2009;34(3):648–654. doi:10.1183/09031936.00102509
28. Mahler DA, Wells CK. Evaluation of clinical methods for rating dyspnea. Chest. 1988;93(3):580–586. doi:10.1378/chest.93.3.580
29. Nylund KL, Asparouhov T, Muthén BO. Deciding on the number of classes in latent class analysis and growth mixture modeling: a Monte Carlo 

simulation study. Struct Equa Modeling. 2007;14(4):535–569. doi:10.1080/10705510701575396
30. Muthén B, Muthén LK. Integrating person-centered and variable-centered analyses: growth mixture modeling with latent trajectory classes. Alcohol 

Clin Exp Res. 2000;24(6):882–891. doi:10.1111/j.1530-0277.2000.tb02070.x

https://doi.org/10.2147/COPD.S517270                                                                                                                                                                                                                                                                                                                                                                                         International Journal of Chronic Obstructive Pulmonary Disease 2025:20 1936

Yang et al                                                                                                                                                                            

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/S2213-2600(21)00511-7
https://doi.org/10.1016/S2213-2600(21)00511-7
http://www.who.int/news-room/fact-sheets/detail/chronic-obstructive-pulmonary-disease-copd
http://www.who.int/news-room/fact-sheets/detail/chronic-obstructive-pulmonary-disease-copd
https://doi.org/10.1016/S0140-6736(17)32127-X
https://doi.org/10.1177/0193945921995773
https://doi.org/10.1111/jocn.12526
https://doi.org/10.1016/j.chest.2018.02.014
https://doi.org/10.1177/1753465817726314
https://doi.org/10.2147/CIA.S303852
https://doi.org/10.2147/COPD.S245505
https://doi.org/10.1183/09031936.06.00124605
https://doi.org/10.1136/bmj-2021-069679
https://doi.org/10.1183/23120541.00362-2021
https://doi.org/10.1513/pats.200707-088ET
https://doi.org/10.1111/resp.13194
https://doi.org/10.2147/COPD.S268332
https://doi.org/10.1016/j.rmed.2016.07.002
https://doi.org/10.4187/respcare.05374
https://doi.org/10.1016/j.hrtlng.2013.08.008
https://doi.org/10.1016/j.ejon.2010.05.011
https://doi.org/10.1111/jocn.16234
https://doi.org/10.1183/23120541.00072-2019
https://doi.org/10.1016/j.jamda.2007.11.005
https://doi.org/10.1016/j.jamda.2007.11.005
https://doi.org/10.2147/COPD.S444580
https://doi.org/10.1016/j.mayocp.2018.05.026
https://doi.org/10.2147/COPD.S240842
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1183/09031936.00102509
https://doi.org/10.1378/chest.93.3.580
https://doi.org/10.1080/10705510701575396
https://doi.org/10.1111/j.1530-0277.2000.tb02070.x


31. Weller BE, Bowen NK, Faubert SJ. Latent class analysis: a guide to best practice. J Black Psychol. 2020;46(4):287–311. doi:10.1177/ 
0095798420930932

32. Maltais F, Decramer M, Casaburi R, et al. An official American thoracic society/European respiratory society statement: update on limb muscle 
dysfunction in chronic obstructive pulmonary disease. Am J Respir Crit Care Med. 2014;189(9):e15–62. doi:10.1164/rccm.201402-0373ST

33. Byun MK, Cho EN, Chang J, Ahn CM, Kim HJ. Sarcopenia correlates with systemic inflammation in COPD. Int J Chron Obstruct Pulmon Dis. 
2017;12:669–675. doi:10.2147/COPD.S130790

34. Shrikrishna D, Patel M, Tanner RJ, et al. Quadriceps wasting and physical inactivity in patients with COPD. Eur Respir J. 2012;40(5):1115–1122. 
doi:10.1183/09031936.00170111

35. Koons B, Greenland JR, Diamond JM, Singer JP. Pathobiology of frailty in lung disease. Transl Res. 2020;221:1–22. doi:10.1016/j.trsl.2020.04.001
36. Willgoss TG, Yohannes AM. Anxiety disorders in patients with COPD: a systematic review. Respir Care. 2013;58(5):858–866. doi:10.4187/ 

respcare.01862
37. Atlantis E, Fahey P, Cochrane B, Smith S. Bidirectional associations between clinically relevant depression or anxiety and COPD: a systematic 

review and meta-analysis. Chest. 2013;144(3):766–777. doi:10.1378/chest.12-1911
38. Wang L, Zhang X, Liu X. Prevalence and clinical impact of frailty in COPD: a systematic review and meta-analysis. BMC Pulm Med. 2023;23 

(1):164. doi:10.1186/s12890-023-02454-z
39. Vaz Fragoso CA, Enright PL, McAvay G, Van Ness PH, Gill TM. Frailty and respiratory impairment in older persons. Am J Med. 2012;125 

(1):79–86. doi:10.1016/j.amjmed.2011.06.024
40. Wikipedia. Chronic obstructive pulmonary disease. Available from: https://en.wikipedia.org/wiki/Chronic_obstructive_pulmonary_disease. 

Accessed April 24, 2024.
41. Hanlon P, Lewsey J, Quint JK, et al. Frailty in COPD: an analysis of prevalence and clinical impact using UK Biobank. BMJ Open Respir Res. 

2022;9(1):e001314. doi:10.1136/bmjresp-2022-001314
42. Verduri A, Carter B, Laraman J, et al. Frailty and its influence on mortality and morbidity in COPD: a systematic review and meta-analysis. Intern 

Emerg Med. 2023;18(8):2423–2434. doi:10.1007/s11739-023-03405-6

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                                                        1937

Yang et al

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1177/0095798420930932
https://doi.org/10.1177/0095798420930932
https://doi.org/10.1164/rccm.201402-0373ST
https://doi.org/10.2147/COPD.S130790
https://doi.org/10.1183/09031936.00170111
https://doi.org/10.1016/j.trsl.2020.04.001
https://doi.org/10.4187/respcare.01862
https://doi.org/10.4187/respcare.01862
https://doi.org/10.1378/chest.12-1911
https://doi.org/10.1186/s12890-023-02454-z
https://doi.org/10.1016/j.amjmed.2011.06.024
https://en.wikipedia.org/wiki/Chronic_obstructive_pulmonary_disease
https://doi.org/10.1136/bmjresp-2022-001314
https://doi.org/10.1007/s11739-023-03405-6
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
	Methods
	Design and Participants
	PROs Measurement
	Frailty Measurement
	Descriptive Characteristics and Covariates
	Statistical Analysis
	Ethics Approval and Consent to Participate

	Results
	Model Fitting
	Patterns of Patient-Reported Outcomes
	Comparisons of Sociodemographic and Disease-Related Characteristics According to PRO Patterns
	Association Between PRO Patterns, Clinical Factors, and Frailty

	Discussion
	Conclusion
	Abbreviations
	Data Sharing Statement
	Consent for Publication
	Acknowledgments
	Author Contributions
	Funding
	Disclosure

