
O R I G I N A L  R E S E A R C H

Association of Frailty with Patient-Report Outcomes 
and Major Clinical Determinants in Patients with 
Acute Exacerbation of Chronic Obstructive 
Pulmonary Disease
Mengjiao Yang 1,2,*, Yang Liu 1,*, Yangyang Zhao 3,*, Ziwei Wang4, Jie He5, Yali Wang2, 
Tokie Anme6

1Graduate School of Comprehensive Human Science, University of Tsukuba, Tsukuba, Japan; 2Department of Cardiovascular Surgery, Affiliated 
Hospital of North Sichuan Medical College, Nanchong City, Sichuan Province, People’s Republic of China; 3Department of Blood Transfusion, 
Affiliated Hospital of North Sichuan Medical College, Nanchong City, Sichuan Province, People’s Republic of China; 4Department of Respiratory and 
Critical Care Medicine, Affiliated Hospital of North Sichuan Medical College, Nanchong City, Sichuan Province, People’s Republic of China; 
5Department of Nursing, Affiliated Hospital of North Sichuan Medical College, Nanchong City, Sichuan Province, People’s Republic of China; 6Faculty 
of Medicine, University of Tsukuba, Tsukuba, Ibaraki, Japan

*These authors contributed equally to this work 

Correspondence: Tokie Anme, Faculty of Medicine, University of Tsukuba, 1-1-1 Tennodai, Tsukuba, Ibaraki, 3058577, Japan, Tel\Fax +81-29-853-3436, 
Email tokieanme@gmail.com 

Purpose: This study aimed to explore the correlation of frailty status with disease characteristics and patient-reported outcomes 
(PROs) in patients with acute exacerbations of chronic obstructive pulmonary disease (AECOPD) and determine the sensitivity and 
specificity of modified COPD PRO scale (mCOPD-PRO) for detecting frailty.
Patients and Methods: This cross-sectional study surveyed 315 inpatients with AECOPD from a tertiary hospital in China from 
August 2022 to June 2023. Patient frailty and PROs were assessed using the validated FRAIL scale and mCOPD-PRO, respectively. 
Spearman’s ρ was used to assess the relevance of lung disease indicators commonly used in clinical practice, and ordinal logistic 
regression analyses were used to identify the variables associated with frailty status. The validity of mCOPD-PRO in discriminating 
frail or non-frail individuals was determined using the receiver operating characteristic curve.
Results: The participants (N=302, mean age 72.4±9.1 years) were predominantly males (73.2%). Among them, 43 (14.3%) patients 
were not frail, whereas 123 (40.7%) and 136 (45.0%) patients were pre-frail and frail, respectively. The FRAIL scale was moderately 
correlated with the mCOPD-PRO scores (Spearman’s rank correlation coefficient [Rs]=0.52, P<0.01) for all dimensions (Rs=0.43– 
0.49, P<0.01). Patients residing in rural areas (odds ratio [OR], 1.67; 95% confidence interval [95% CI], 1.01–2.76) and with higher 
mCOPD-PRO scores (OR, 4.78; 95% CI, 2.75–8.32) were more likely to be frail. Physically active patients (OR, 0.42; 95% CI, 0.21– 
0.84) were less likely to be frail. In addition, mCOPD-PRO had good discriminate validity for detecting frailty (area under the 
curve=0.78), with a sensitivity and specificity of 84.6% and 60.8%, respectively. The optimal probability threshold for mCOPD-PRO 
was ≥1.52 points.
Conclusion: In patients with AECOPD, frailty is closely related to PROs and disease characteristics. Additionally, the mCOPD-PRO 
score can distinguish well between frail and non-frail patients. Our findings provide support for interventions targeting frail 
populations with AECOPD.

Plain Language Summary: Patients with chronic obstructive pulmonary disease often have concomitant frailty that may lead to disease 
deterioration such as acute exacerbations, hospital readmissions, disability, and premature death. Patient-reported outcomes are often used in 
clinical practice to measure patients’ disease characteristics and overall status. Whether patients’ frailty state is associated with patient-reported 
outcomes and if so, which factors are associated with frailty remain unclear. This study, conducted in China, examined their relationship as well 
as identified factors associated with frailty states. 302 hospitalized patients with acute exacerbations of chronic obstructive pulmonary disease 
completed a questionnaire answering questions about disease severity, frailty state, anxiety, and depression. The findings suggest that people 

International Journal of Chronic Obstructive Pulmonary Disease 2024:19 907–919                    907
© 2024 Yang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of Chronic Obstructive Pulmonary Disease           Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 13 October 2023
Accepted: 7 April 2024
Published: 12 April 2024

In
te

rn
at

io
na

l J
ou

rn
al

 o
f C

hr
on

ic
 O

bs
tr

uc
tiv

e 
P

ul
m

on
ar

y 
D

is
ea

se
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0009-0000-0172-0577
http://orcid.org/0000-0002-3267-3985
http://orcid.org/0009-0004-4847-8801
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


who live in rural areas, self-reported more severe overall conditions, and are physically inactive are more likely to be frail. Patient-reported 
outcomes can distinguish between frail and non-frail patients. Therefore, patient-reported outcomes can be used to assess the extent of frailty; 
early screening of AECOPD combined frailty population and implementation of interventions can help mitigate the adverse effects of frailty. 

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

Introduction
Frailty is a clinical syndrome associated with a multisystemic decline in physiological reserve and increased vulnerability 
to potentially contributing to chronic disease onset and altering the prognosis and treatment of some diseases.1–6 Frailty is 
a risk factor for chronic obstructive pulmonary disease (COPD) exacerbation and is associated with worsening outcomes, 
such as acute exacerbations of COPD (AECOPD), hospitalization, length of stay, hospital readmissions, and mortality.6–9 

Previous studies have reported that up to 19% of patients with stable COPD6 and >50% of patients with AECOPD 
experience frailty,10 which is related to their shared pathophysiological mechanisms, such as chronic inflammation, 
impaired neuroendocrine regulation, and immune system dysfunction. With the increase in global aging and the lifespan 
of individuals with chronic diseases, assessing and improving the condition of frail individuals, especially those with 
chronic diseases, has become a priority in public health.3,11

The Global Initiative for Chronic Obstructive Lung Disease (GOLD) recommends using patient-reported outcomes (PROs) 
to assess disease severity and prognosis in patients with COPD.12 PROs are any report provided directly by the patient regarding 
their health status,13 including symptoms, functional status, and health-related quality of life (HRQoL). AECOPD leads to 
a decline in patient’s overall health status and daily functioning, severely affecting their HRQoL.14,15 PROs not only reflect 
a patient’s symptom burden during AECOPD, such as dyspnea, cough, and sputum production but also provide valuable 
information regarding the impact of symptoms on the patient’s daily living activities and the effectiveness of treatment.16 

Furthermore, PROs can predict disability and all-cause mortality;15,17 thus, they play a critical role in the disease.18

Although AECOPD has shown a strong association with PROs and frailty, the relationship between them has not been 
clarified. While some studies have reported that frailty is associated with PROs, albeit with weak or no correlation with the 
severity of disease characteristics (eg, lung function),19 others have reported that frailty may be an entity independent of PROs 
and physiological outcomes.20

Therefore, the current study aimed to 1) identify the association of frailty status (using the FRAIL scale)21 with PROs 
(using the modified PRO scale for COPD [mCOPD-PRO]22) and disease characteristics in patients hospitalized with 
AECOPD and 2) examine the discriminatory capacity of PROs in identifying frail individuals and the optimal cut-off value.

Methods
Design and Participants
The current study is a cross-sectional, observational study with data drawn from the respiratory critical care unit of 
a large tertiary care institution in Sichuan Province, China, between August 2022 and June 2023. We recruited 315 
hospitalized AECOPD patients who met the following inclusion criteria: a diagnosis of COPD according to the 
GOLD guidelines,23 a diagnosis of AECOPD by a specialist respiratory team on admission, and a stay of more 
than 24 hours on the ward. The exclusion criteria were as follows: a diagnosis of pulmonary fibrosis, heart failure 
(New York Heart Association [NYHA] class III or IV), and inability to answer the self-report questions. After 
excluding 13 patients with missing data, 302 participants were finally included in the analysis.

Variables and Exposures
Frailty Assessment Using the FRAIL Scale
The FRAIL scale21 is a clinical frailty screening tool proposed by the International Task Force on Nutrition, Health and 
Aging in 2008. It is based on the phenotype model in the form of a simple self-report questionnaire with five 
components: fatigue, resistance, ambulation, illness, and loss of weight (Supplement 1).
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Each question on the self-report questionnaire could be scored 0 or 1 depending on the patient’s response. The total 
score could range from 0 to 5, with scores of 3–5, 1–2, and 0 categorized as frail, pre-frail and robust, respectively.

Patient-Reported Outcome Measurement
The mCOPD-PRO22 was used to assess the health status of patients with COPD, including 27 items in the Physiological 
(17), Psychological (7), and Environmental (3) domains (Supplement 2). The Cronbach’s alpha of the instrument is 
0.954, and the correlation coefficients between the scores of the items and their domains range from 0.429–0.902.22 The 
Cronbach’s alpha for this study was 0.884. The mCOPD-PRO score and the scores for each domain were calculated 
using the following formulae:

The PRO score and scores for each dimension varied from 0–4. A higher score indicated poorer health status.

Descriptive Characteristics and Covariates
The demographic variables and disease information of the participants were collected. The demographic variables included 
age, sex, educational level, residential status, marital status, smoking history, and alcohol consumption. Disease information 
included body mass index (BMI), pulmonary function (GOLD stages I–IV), the COPD Assessment Test (CAT) score,24 the 
modified Medical Research Council (mMRC) score,25 and the nutritional risk screening (Nutritional risk screening, 
NRS2002) results.26 The use of NRS2002,26 a nutritional risk screening method for hospitalized patients, has been 
recommended by the European Society of Parenteral and Enteral Nutrition (ESPEN). It is based on a composite score of 
disease severity, impaired nutritional status, and age. The total score ranges from 1–7. A score of ≥3 indicates high risk, 
suggesting the requirement for nutritional support, whereas a score of 1–2 indicates low risk.

The CCI was used to assess the comorbidity burden.27 CCI can quantify comorbidities based on the number and 
severity of diseases that a patient has. It includes 19 diseases, with the weights of the items ranging from 1–6 and a total 
score ranging from 0–37. The Hospital Anxiety and Depression Scale (HADS)28 was used to assess anxiety and 
depression in patients. It consists of seven items each for anxiety (HADS-A) and depression (HADS-D), with a total 
score ranging from 0–21. A score of ≥11 indicated that the patient has symptoms of anxiety or depression.

Residential status was evaluated by asking the patient about their current living status. The question had two 
responses: “living alone” or “otherwise” (living with spouse or children or living in a nursing facility). Wealth status 
was evaluated by asking participants to describe how they felt financially about their current living situation. The 
question had four responses: “very difficult”, “fairly difficult”, “fairly comfortable”, and “very comfortable”. Participants 
with the responses of “very difficult” or “fairly difficult” were considered to have a poor wealth status, whereas those 
with the responses of “fairly comfortable” or “very comfortable” were considered to have a better-off wealth status. 
Physical activity status was evaluated by asking participants how often they exercised each week, with “no physical 
activity of any kind” being considered “sedentary”, “some type of exercise 2–3 times per week” being considered 
“moderate”, and “daily exercise or some type of exercise >3 times per week” being considered “active”. Lastly, the 
participants were asked whether they received domiciliary oxygen therapy. The question had two responses: Yes and No.

Statistical Analysis
Descriptive statistics were used to describe the demographic characteristics, disease characteristics, and frailty categories 
as measured by the FRAIL scale. The participants were described according to their frailty group. ANOVA was used for 
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comparison of means and standard deviations comparison, the Kruskal–Wallis test was used for comparison of medians 
and interquartile ranges (IQRs), and the χ2 test or Fisher’s exact test was used for comparison of proportions.

Spearman correlation coefficient was used to assess the strength of the associations between frailty, PROs, and disease 
characterization variables. Ordinal logistic regression analyses were performed after a test of parallel lines to identify the 
variables associated with the patient’s frailty status. Hosmer-Lemeshow goodness of fit assessed the calibration of the 
model. Receiver operating curve (ROC) analysis was used to determine the optimal probability threshold by maximizing 
the Youden J index to identify the numerical values of PROs in frail vs non-frail patients. An optimal estimate of the area 
under the curve (AUC) for the 95% confidence interval (95% CI) was calculated subsequently.

R version 4.2.3 was used for data analyses, and GraphPad Prism 9.0.0 was used for graphing. A two-sided P-value of 
<0.05 was considered statistically significant.

Ethics Statement
This study was conducted in accordance with the Declaration of Helsinki, and approved by the Medical Ethics 
Committee of Affiliated Hospital of North Sichuan Medical College (approval No. 2022ER444-1, No. 2023ER324-1) 
and the Institutional Review Board of the Institute of the University of Tsukuba (approval No.1841). All participants 
provided written informed consent.

Results
Among the 302 patients hospitalized for AECOPD during the study period, 221 (73.2%) were male patients, with a mean 
(standard deviation [SD]) age of 72.4 (9.1) years and a BMI of 21.3 (3.9) kg/m2. The patients in the study population were 
categorized as frail (136; 45.0%), pre-frail (123; 40.7%), and non-frail (43; 14.3%). Table 1 presents the baseline character-
istics of the three groups. A decrease in the mean BMI (SD) of each group (robust was 22.1 [3.7] kg/m2, pre-frail was 21.9 

Table 1 Baseline Characteristics and Distribution of Frailty by Frail Scale Among Hospitalized Individuals with AECOPD 
(N=302)

Variable Total (n = 302) Non-Frail (n = 43) Pre-Frail (n = 123) Frail (n = 136) P value

Demographic characteristic

Age (years) 72.38 ± 9.08 69.00 ± 10.40 73.19 ± 8.97 72.71 ± 8.54 0.028

Sex 0.804

Male 221 (73.2) 32 (74.4) 92 (74.8) 97 (71.3)

Female 81 (26.8) 11 (25.6) 31 (25.2) 39 (28.7)

BMI (kg/m2) 21.29 ± 3.85 22.07 ± 3.66 21.85 ± 3.89 20.53 ± 3.76 0.007

Education 0.258

Primary 209 (69.2) 27 (62.7) 80 (65.0) 102 (75.0)

Junior 56 (18.5) 7 (16.3) 29 (23.6) 20 (14.7)

High school 25 (8.3) 6 (14.0) 10 (8.1) 9 (6.6)

College and above 12 (4.0) 3 (7.0) 4 (3.3) 5 (3.7)

Marital 0.431

Married 263 (87.1) 40 (93.0) 105 (85.4) 118 (86.8)

Other 39 (12.9) 3 (7.0) 18 (14.6) 18 (13.2)

(Continued)
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Table 1 (Continued). 

Variable Total (n = 302) Non-Frail (n = 43) Pre-Frail (n = 123) Frail (n = 136) P value

Living alone 31 (10.3) 7 (16.3) 12 (9.8) 12 (8.8) 0.362

Residence 0.023

Urban 149 (49.3) 29 (67.4) 61 (49.6) 59 (43.4)

Rural 153 (50.7) 14 (32.6) 62 (50.4) 77 (56.6)

Wealth status 0.401

Better-off 216 (71.5) 32 (74.4) 92 (74.8) 92 (67.7)

Poor 86 (28.5) 11 (25.6) 31 (25.2) 44 (32.3)

Current Smoker 27 (8.9) 7 (16.3) 11 (8.9) 9 (6.6) 0.346

Daily drink 5 (1.7) 2 (4.7) 0 (0.0) 3 (2.2) 0.082

Physical activity <0.001

Sedentary 123 (40.7) 8 (18.6) 36 (29.3) 79 (58.1)

Moderate 92 (30.5) 8 (18.6) 46 (37.4) 38 (27.9)

Active 87 (28.8) 27 (62.8) 41 (33.3) 19 (14.0)

Disease characteristics

Course, (years) <0.001

< 5 87 (28.8) 25 (58.2) 33 (26.8) 29 (21.3)

5–10 52 (17.2) 9 (20.9) 17 (13.8) 26 (19.1)

> 10 163 (54.0) 9 (20.9) 73 (59.4) 81 (59.6)

GOLD <0.001

I 133 (44.0) 31 (72.1) 60 (48.8) 42 (30.9)

II 93 (30.8) 7 (16.3) 33 (26.8) 53 (39.0)

III 68 (22.5) 5 (11.6) 29 (23.6) 34 (25.0)

IV 8 (2.7) 0 (0.0) 1 (0.8) 7 (5.1)

CCI 1.00 (1.00–2.00) 1.00 (1.00–3.00) 2.00 (1.00–2.00) 1.00 (1.00–2.00) 0.355

CAT 20.50 (15.00–26.00) 14.00 (10.00–20.00) 19.00 (14.00–24.00) 24.00 (20.00–28.00) <0.001

mMRC 3.00 (2.00–4.00) 2.00 (1.00–3.00) 3.00 (2.00–4.00) 3.00 (3.00–4.00) <0.001

Nutrition 0.124

Low risk 235 (77.8) 37 (86.1) 99 (80.5) 99 (72.8)

High risk 67 (22.2) 6 (13.9) 24 (19.5) 37 (27.2)

Anxiety (HADS-A ≥ 11) 16 (5.3) 0 (0.0) 4 (3.3) 12 (8.8) 0.033

Depression (HADS-D ≥ 11) 20 (6.6) 1 (2.3) 6 (4.9) 13 (9.6) 0.151

Domiciliary oxygen 142 (47.0) 8 (18.6) 57 (46.3) 77 (56.6) <0.001

PROs score 1.72 (1.26–2.22) 1.04 (0.65–1.33) 1.48 (1.19–1.85) 2.11 (1.67–2.56) <0.001

(Continued)
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[3.9] kg/m2, and frail was 20.5 [3.8] kg/m2), an increase in the proportion of patients residing in rural areas (robust was 32.6%, 
pre-frail was 50.4%, and frail was 56.6%), a decrease in the proportion of those who were physically active (robust was 62.8%, 
pre-frail was 33.3%, and frail was 13.9%), and a decrease in the median PRO scores and scores for each dimension (median 
PROs [IQR] scores: 1.04 (0.65–1.33), 1.48 (1.19–1.85), and 2.11 (1.67–2.56) for the robust, pre-frail, and frail groups, 
respectively) were observed as the frailty status progressed. Compared with the non-frail participants, participants with frailty 
(pre-frail, frail) had a longer duration of illness, poorer lung function (GOLD stages II–IV), more severe dyspnea (mMRC 
scores) and symptoms (CAT scores), increased rates of anxiety and depression, higher nutritional risk, and greater requirement 
for domiciliary oxygen therapy.

Higher levels of frailty were associated with higher (worse) PRO scores (Table 2). The Kruskal–Wallis test revealed 
that the differences in the health status indices between the frailty quartiles were evident in the PRO score and the three 
subscales (all P<0.001). This pattern was observed in the PRO score (Figure 1). Tables 3 and 4 present the correlation 
matrices between disease characteristics and frailty and between frailty and PRO scores, respectively. The results indicate 
that the majority of disease characteristics were significantly and positively correlated with frailty and PRO scores, with 
the exception of CCI. Frailty was moderately correlated with the PRO score (Rs=0.520); in contrast, it was correlated 
with all dimensions of PROs (all P<0.001) with a medium effect size (Rs=0.433–0.492).

Ordinal logistic regression analysis was performed after passing the parallel lines test (P=0.060) to identify the variables 
that detected the frailty status. The following variables that were significant in univariate analysis were included in the 
regression models (using the enter method, Hosmer- Lemeshow χ2=10.19, P=0.252): age (years), BMI (kg/m2), residential 
status, physical activity, mCOPD-PRO score, course, GOLD stage, CAT score, mMRC score, anxiety (HADS-A≥11), and 
the requirement of domiciliary oxygen therapy. The results revealed that patients residing in rural areas (odds ratio [OR], 
1.67; 95% CI, 1.01–2.76) and patients with higher mCOPD-PRO scores (OR, 4.78; 95% CI, 2.75–8.32) were more likely to 
be frail. In contrast, physically active patients (OR, 0.42; 95% CI, 0.21–0.84) were less likely to be frail (Table 5).

Figure 2 presents the ROC curves for the PRO scores distinguishing between frail and non-frail individuals. The AUC 
for the ability of PROs to detect frailty on the FRAIL scores was 0.780 (0.728, 0.832), and the optimal probability 
threshold for PROs was ≥1.52 points, at which point the sensitivity and specificity were 84.6% and 60.8%, respectively 

Table 1 (Continued). 

Variable Total (n = 302) Non-Frail (n = 43) Pre-Frail (n = 123) Frail (n = 136) P value

Physiological domain 1.88 (1.43–2.47) 1.29 (0.76–1.53) 1.65 (1.35–2.12) 2.24 (1.82–2.72) <0.001

Psychological domain 1.00 (0.57–1.86) 0.57 (0.00–1.00) 0.71 (0.43–1.29) 1.71 (0.86–2.29) <0.001

Environmental domain 2.00 (1.00–2.67) 1.00 (0.00–1.67) 1.67 (1.00–2.33) 2.67 (1.67–3.00) <0.001

Note: Data are presented as n (%), mean ±SD, or median (IQR). 
Abbreviations: AECOPD, acute exacerbation of chronic pulmonary disease; SD, standard deviation; BMI, body mass index; GOLD, Global Initiative for 
Chronic Obstructive Lung Disease; CCI, Charlson comorbidity index; CAT, COPD assessment test; mMRC, modified Medical Research Council; HADS, 
Hospital Anxiety and Depression Scale; PROs, patient-reported outcomes.

Table 2 Mean PROs Score by Frailty Status

Patient-Reported Outcomes Score

Characteristics Physiological Psychological Environmental Total

Non-frailty 1.28±0.69 0.75±0.91 0.99±1.02 1.12±0.70

Pre-frailty 1.80±0.60 0.98±0.85 1.67±0.85 1.58±0.58

Frailty 2.30±0.80 1.63±0.83 2.44±0.94 2.11±0.60

P-value < 0.001 < 0.001 < 0.001 < 0.001

Note: Data are presented as mean ±SD. 
Abbreviation: PROs, patient-reported outcomes.
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(Figure 2A). Furthermore, PROs were able to differentiate between frailty and non-frailty in all dimensions (0.747– 
0.771). The AUC for the physiological domain was 0.755 (0.700, 0.809), and the cut-off value was 1.70, with 
a sensitivity and specificity of 86.8% and 59.0%, respectively (Figure 2B). The AUC for the psychological domain 
was 0.746 (0.690, 0.802), and the cut-off value was 1.36, with a sensitivity and specificity were 64.0% and 78.2%, 
respectively (Figure 2C). The AUC for the environmental domain was 0.764 (0.710, 0.818), and the cut-off value was 
1.84, with a sensitivity and specificity of 74.3% and 68.1%, respectively (Figure 2D).

Figure 1 Mean PROs score according to the extent of frailty. 
Abbreviation: PROs, patient-reported outcomes.

Table 3 Spearman Correlation Matrices for the 
Association of Frailty with PROs and the Disease 
Characteristics in Patients with AECOPD

Characteristics Frailty PROs

Course 0.209*** 0.238***

GOLD stages 0.257*** 0.382***

CAT 0.425*** 0.688***

mMRC 0.300*** 0.365***

CCI −0.073 −0.023

Nutrition 0.118 0.151*

Anxiety 0.159** 0.342***

Depression 0.122* 0.296***

(Continued)
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Discussion
This cross-sectional study of patients hospitalized with AECOPD revealed that PROs corresponded to and were 
significantly correlated with the physiological and clinical variables that correspond to important differences in frailty 

Table 3 (Continued). 

Characteristics Frailty PROs

Domiciliary oxygen 0.225*** 0.242***

Frailty – 0.520***

PROs 0.520*** –

Notes: ***P < 0.001, **P < 0.01, *P < 0.05. 
Abbreviations: AECOPD, acute exacerbation of chronic pulmon-
ary disease; GOLD, Global Initiative for Chronic Obstructive Lung 
Disease; CCI, Charlson comorbidity index; CAT, COPD assessment 
test; mMRC, modified Medical Research Council; PROs, patient- 
reported outcomes.

Table 5 Ordinal Logistic Regression Analysis of Frailty in Patients with AECOPD

Variable Crude Odds 95% CI Adjusted Odds 95% CI

Age (Continuous) 1.02 0.99–1.04 1.01 0.98–1.04

BMI (Continuous) 0.92** 0.87–0.98 0.98 0.92–1.04

Residence= Rural (ref. urban) 1.71* 1.11–2.63 1.67* 1.01–2.76

Physical activity= Active (ref. sedentary) 0.14*** 0.08–0.25 0.42* 0.21–0.84

Physical activity= Moderate (ref. sedentary) 0.43*** 0.26–0.74 0.89 0.48–1.65

Course = > 10 years (ref. < 5 years) 2.01** 1.30–3.12 1.30 0.79–2.55

Course = 5–10 years (ref. < 5 years) 2.21* 1.12–4.34 1.08 0.51–2.32

GOLD stages (Continuous) 1.78*** 1.37–2.31 0.92 0.62–1.37

CAT (Continuous) 1.13 1.09–1.17 0.98 0.93–1.03

mMRC (Continuous) 1.83*** 1.47–2.29 1.28 0.92–1.78

Anxiety = HADS-A ≥ 11 (ref. < 11) 4.16* 1.33–13.03 0.70 0.17–2.85

Domiciliary oxygen = Yes (ref. No) 2.38*** 1.54–3.70 1.50 0.90–2.50

PROs (Continuous) 6.20*** 4.09–9.38 4.78*** 2.75–8.32

Notes: ***P < 0.001, **P < 0.01, *P < 0.05. 
Abbreviations: AECOPD, acute exacerbation of chronic pulmonary disease; BMI, body mass index; GOLD, Global Initiative for 
Chronic Obstructive Lung Disease; CAT, COPD assessment test; mMRC, modified Medical Research Council; HADS, Hospital 
Anxiety and Depression Scale; PROs, patient-reported outcomes; 95% CI, 95% confidence interval.

Table 4 Correlation Between Frailty and PROs Score

Characteristics Patient-reported Outcomes Score

Physiological Psychological Environmental Total

Frailty 0.485*** 0.433*** 0.492*** 0.520***

Note: ***P < 0.001. 
Abbreviation: PROs, patient-reported outcomes.
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on the FRAIL scale. Ordinal logistic regression analyses revealed that the residential status, physical activity status, and 
mCOPD-PRO score were associated with frailty. Furthermore, the mCOPD-PRO score had a good ability to discriminate 
frail from non-frail patients.

Frailty is associated with the exacerbation of COPD.29 The pathogenesis of COPD involves a complex interaction 
between environmental exposures and genetic susceptibility.30 COPD causes extrapulmonary manifestations, such as 
cardiovascular disease and skeletal muscle disorders (eg, muscular dystrophy and muscle weakness),29,31 that are similar 
to those of frailty. Accelerated lung aging is one of the mechanisms intrinsic to this process.32 The frailty status based on 
the FRAIL scale indicated that frailty was prevalent in these patients (85.7%), with 40.7% pre-frail and 45.0% frail. This 
result is consistent with the results of the study by Chin et al,33 who used the Clinical Frailty Scale (CFS) to detect frailty 
in 86% of such patients included in their study, which is higher than the patients with COPD. In addition, the results of 
two previous studies7,10 on patients hospitalized with AECOPD revealed that the incidence of COPD exacerbations in 
frail individuals was 42% higher than that in non-frail individuals (incidence rate ratio [IRR] 1.42, 95% CI 0.94–2.17). 
However, as this study used a different assessment tool, caution should be exercised in interpreting this result, and more 
evidence is needed to validate the use of the FRAIL scale in this population.

The PRO tool is increasingly used in clinical practice as a valuable measure to assess the impact of medical 
interventions on the HRQoL of patients with COPD.34,35 As patients and physicians do not always share the same 
view regarding the importance of the disease,36 understanding PROs can help assess the patient’s overall health status. 
Engström et al37 reported that tools for the comprehensive assessment of the impact of COPD can detect the impact of 
a specific disease and the overall burden of the disease on daily functioning and emotional well-being. The CAT and 
mMRC are commonly used as symptom-reporting tools and for predicting the severity of debilitation in patients with 
COPD.38–40 The St. George’s Respiratory Questionnaire (SGRQ)41 is commonly used to assess the patient’s general 

Figure 2 ROC Analysis with Optimal Probability Threshold for the FRAIL Scale. (A) PROs score and (B) the physiological domain of PROs, (C) psychological domain of 
PROs, and (D) environmental domain of PROs. The arrows represent proposed cut-offs to estimate frailty status. 
Abbreviations: ROC, receiver operating curve; PROs, patient-reported outcomes; AUC, area under the curve.
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health status. Kusunose et al20 identified the SGRQ score as the only predictor of frailty. However, the SGRQ assessment 
is more complex and does not apply to routine screening of patients in clinical practice. The mCOPD-PRO was used to 
assess symptoms and provide a comprehensive measure of disease-specific health in the present study. The results of the 
present study revealed that the mCOPD-PRO was closely associated with the CAT score, mMRC score, and frailty status 
(Rs=0.365–0.688).

Patients with COPD who are physically inactive are more likely to be frail. This finding may be attributed to the fact 
that individuals are often affected by the disease with varying degrees of dyspnea, and those with severe symptoms are 
more inclined to have a sedentary lifestyle. Moreover, these patients were more likely to have deficits in muscle strength 
and mass.42–45 As the level of dyspnea increases, the patient’s physical activity decreases, which increases the likelihood 
of muscle atrophy and loss of muscle strength, further contributing to a decrease in the patient’s activity tolerance.42 

Exercise training is an important component of pulmonary rehabilitation for patients with COPD.45 As evidenced by 
multiple studies,46–48 exercise training is effective in reversing the systemic consequences of COPD, particularly skeletal 
muscle dysfunction,46 improving exercise tolerance, reducing symptoms of dyspnea, and increasing the HRQoL of 
patients with COPD.47–49 Residing in rural areas is associated with frailty as access to smoking cessation programs, early 
diagnosis, and treatment is lesser in these areas,50 which may contribute to higher morbidity and mortality rates.51,52 

Healthcare providers and community partners that serve rural residents can help increase the access and participation of 
adults with COPD in healthcare interventions, including pulmonary rehabilitation, self-management, and patient educa-
tion resources.

Notably, no significant differences in the CCI index and nutritional risk were observed between the frail and non-frail 
groups. This result was unexpected as previous studies have shown that frailty and multimorbidity coexist to limit health 
and survival in older adults.53,54 When combined with multiple diseases, the interaction of various chronic diseases leads 
to endothelial dysfunction/injury, a common feature of these diseases, which in turn exacerbates cerebral ischemia and 
hypoxia, thereby reducing cognitive function.55 Moreover, this condition accelerates the decline of organ function and 
leads to the dysregulation of a wide range of physiological regulatory systems that underlie frailty.56 The young age and 
low comorbidity burden of the study population may have influenced the result of this study. In addition, malnutrition 
and unintentional weight loss are common in patients with COPD57 and are associated with decreased HRQoL58 and 
increased healthcare utilization.59 Patients at high nutritional risk were found to have poorer health outcomes; however, 
an association with the extent of frailty was not observed despite the significant difference in the BMI of patients with 
different frailty statuses. This may be attributed to the normal range of BMI and lower nutrition risk status of the 
participants in the present study. The findings of the present study suggest that frailty is highly prevalent in patients with 
AECOPD and is associated with a range of lung disease characteristics. Moreover, the mCOPD-PRO is a reliable patient- 
reported outcome tool that can be used in clinical practice to assess frailty status.

The strengths of this study include the use of the FRAIL scale in patients with AECOPD and the identification of 
associations between multiple lung disease characteristics and PROs. In addition, a comprehensive, patient-reported assessment 
tool for disease-specific health conditions was used in this study, and its reliability was also determined. Nevertheless, this study 
also has some limitations. First, causality for frailty could not be assessed as this was a cross-sectional study. Second, the lack of 
statistical significance of disease burden and nutritional risk (which were not found to be associated with frailty) may be due to 
the younger age of the study population in the present study. This may have introduced bias and affected the association of 
frailty with these factors, a possibility that cannot be overlooked. Third, the measures of frailty status and PROs in this study 
involved subjective evaluations, and the gap between what was reported and what occurred may be biased. Future studies could 
introduce objective evaluations, such as readmission rates and mortality rates, to explore the consistency of these outcomes. 
Further detailed investigations are expected to elucidate the relationship between frailty and COPD. Further evidence on the 
role of frailty prevention in improving the health status of patients can be gathered by investigating these limitations.

Conclusion
In conclusion, this cross-sectional result suggests that a high proportion of patients with AECOPD are frail or pre-frail. 
This study investigated the factors associated with frailty status and the findings suggest that there is a need to understand 
patients’ backgrounds, disease severity, and lifestyles, as people who live in rural areas, have poorer self-reported 
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outcomes, and are physically inactive are more likely to be frail. Early screening of AECOPD combined frailty 
population and implementation of interventions is beneficial in mitigating the adverse effects of frailty on them. The 
findings may provide support for more effective interventions for the vulnerable population.
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