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Background: Chronic obstructive pulmonary disease (COPD) is closely associated with frailty, and prevention of acute exacerbations 
is important for disease management. Moreover, COPD patients with frailty experience a higher risk of acute exacerbations. However, 
the frailty instruments that can better predict acute exacerbations remain unclear.
Purpose: (1) To explore the factors influencing frailty and acute exacerbations in stable COPD patients, and (2) quantify the ability of 
multidimensional frailty instruments to predict acute exacerbations within 1 year.
Patients and methods: In this retrospective longitudinal study, stable COPD patients were recruited from the outpatient department 
of Sichuan Provincial People’s Hospital from July 2022 to June 2023. COPD patients reviewed their frailty one year ago and their 
acute exacerbations within one year using face-to-face interviews with a self-developed frailty questionnaire. Frailty status was 
assessed using the Frailty Index (FI), frailty questionnaire (FRAIL), and Clinical Frailty Scale (CFS). One-way logistic regression was 
used to explore the factors influencing frailty and acute exacerbations. Multivariate logistic regression was used to establish 
a prediction model for acute exacerbations, and the accuracy of the three frailty instruments was compared by measuring the area 
under the receiver operating characteristic curve (AUC).
Results: A total of 120 individuals were included. Frailty incidence estimates using FI, FRAIL, and CFS were 23.3%, 11.7%, and 
15.8%, respectively. The three frailty instruments showed consistency in COPD assessments (P<0.05). After adjusting for covariates, 
frailty reflected by the FI and CFS score remained an independent risk factor for acute exacerbations. The CFS score was the best 
predictor of acute exacerbations (AUC, 0.764 (0.663–0.866); sensitivity, 57.9%; specificity, 80.0%). Moreover, the combination of CFS 
plus FRAIL scores was a better predictor of acute exacerbations (AUC, 0.792 (0.693–0.891); sensitivity, 86.3%; specificity, 60.0%).
Conclusion: Multidimensional frailty assessments could improve the identification of COPD patients at high risk of acute exacer-
bations and facilitate targeted interventions to reduce acute exacerbations in these patients.
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Introduction
Frailty is a syndrome characterized by reduced physiological reserves and increased vulnerability to disease stress.1,2 

Patients with chronic obstructive pulmonary disease (COPD) are twice as likely to be frail as those without COPD,3 with 
increasing evidence suggesting a relationship between frailty and chronic respiratory diseases. Frailty may play a role in 
the development of certain chronic diseases; conversely, chronic diseases may increase the risk of frailty.4 COPD patients 
with frailty experience a higher risk of acute exacerbations, hospitalization, and mortality.5 Acute exacerbations of COPD 
frequently occur and place substantial utilization and cost burdens on the healthcare system,6 reflecting the high social 
importance of these exacerbations. Since identification of high-risk patients can facilitate targeted interventions to 
diminish the progression of COPD,7 interest in the study of frailty in patients with COPD has increased recently. 
A good frailty tool should be able to accurately identify frailty and predict adverse consequences.8

According to a recent review, various frailty assessment tools have been used in combination with relevant clinical 
practices to predict progression in patients with COPD.9 The Frailty Index (FI) was constructed on the basis of 
a mathematical model of the accumulation of deficits, where a deficit can be any symptom, sign, disease, or disability 
that accumulates with age and is associated with adverse events.10 In contrast, the frailty questionnaire scale (FRAIL) is 
a simple, self-reported questionnaire based on the phenotype model.11 The FRAIL score is an independent risk factor for 
predicting adverse outcomes in specific populations.12 The Clinical Frailty Scale (CFS) is a global synthetic scale that 
allows screening for frailty using routine data from the comprehensive geriatric assessments.13 The CFS score is 
a comprehensive measure of frailty that shows a favorable correlation with the FI and has been validated across different 
clinical settings.10,14 Several studies have used frailty instruments to predict clinical outcomes in patients with COPD.3,8

Nevertheless, the frailty tools that can better measure acute exacerbations within 1 year in patients with stable COPD 
have not been adequately assessed in clinical trials. Since appropriate assessments of frailty may potentially help 
physicians identify patients at higher risk of acute exacerbations and thereby establish early interventions and treatments 
to mitigate or reverse frailty, we used multidimensional frailty instruments to assess stable COPD patients with the aim of 
(1) exploring the factors influencing frailty and acute exacerbations in COPD patients; and (2) evaluating the ability of 
multidimensional frailty to predict the identification of acute exacerbations within 1 year in stable COPD patients.

Methods
Study Design and Participants
This was a retrospective longitudinal study. Over a 12-month period from July 2022, patients with stable COPD were 
recruited at the outpatient department of the Respiratory and Critical Care Medicine Clinic of Sichuan Provincial 
People’s Hospital, University of Electronic Science and Technology of China. Inclusion criteria were as follows: stable 
COPD was defined as (1) COPD diagnosis for over a year based on the 2022 GOLD (Global Initiative for Chronic 
Obstructive Lung Disease) guideline and (2) no change in medication for at least three months. Potential participants 
were excluded on the basis of the following criteria: (1) non-COPD lung disease (eg, asthma, diffuse parenchymal lung 
disease, tuberculosis, and other limiting lung diseases); (2) inability to cooperate in completing a frailty assessment; and 
(3) inability to answer self-reported questions. The research protocol was based on the principles of the Helsinki 
Declaration and approved by the Research Ethics Committee of Sichuan Academy of the Medical Sciences and 
Sichuan Provincial People’s Hospital (Lun Audit [Research] No. 52–1 of 2022). All participants provided written 
informed consent.

Data Collection
The investigators underwent uniform and strict standardized training and passed an examination before they were 
allowed to enter the data collection session, which helped reduce reporting bias attributable to limited expertise and 
the influence of participant subjectivity. The investigator helped the patients with COPD to review their frailty one year 
ago and their acute exacerbations within one year with the help of a self- developed questionnaire during face-to-face 
interviews, which generally took 20 to 30 minutes. The questionnaire consisted of the following sections: sociodemo-
graphic characteristics (age, sex, height, weight, marital status, education level, monthly income level, and smoking), 
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chronic diseases, maximum grip force, calf circumference, exercise habits, GOLD classification, lung function (peak 
expiratory flow [PEF], forced expiratory volume in one second/forced vital capacity [FEV1/FVC], and predicted FEV1 

percentage [FEV1%pred]), modified Medical Research Council scale (mMRC) scores, COPD Assessment Test (CAT) 
scores, inhalation situation one year ago, and acute exacerbations in the past year. This study categorized the participant 
groups into ABE groups according to the 2023 GOLD guidelines.15 Acute exacerbations were defined as acute events 
characterized by worsening of the patient’s respiratory symptoms beyond normal day-to-day variations and leading to 
a change in treatment. Additionally, exercise habits were defined as the lifestyle habit of exercising more than three times 
a week for more than 30 minutes each time.16

Frailty Assessments
Frailty Index
Using a cumulative deficit model, Rockwood et al created the FI, a measure of the cumulative burden of a number of 
symptoms, diseases, disorders, and disabilities. Individuals with higher FI values are considered to be more frail.17 We 
obtained the data for 45 FI-related variables (Supplementary Table 1) based on our standardized procedures for FI 
calculation.18 The FI was calculated using these coded variables by dividing the number of items with deficits by 45 
items, yielding a score ranging from 0 (the lowest possible frailty burden) to 1 (the highest possible frailty burden). Using 
the Rockwood team’s grading methodology,19 the patients were categorized as showing no frailty (FI < 0.1), mild frailty 
(0.1 ≤ FI < 0.2), or moderate/severe frailty (FI ≥ 0.2).

Frailty Questionnaire
FRAIL, which was proposed by the International Association of Nutrition and Aging, consists of five components 
(fatigue, resistance, ambulation, illness, and weight loss).11,20 Fatigue was measured by querying the participant how 
often they had felt fatigued in the past four weeks, scoring one point for answering “all of the time” or “the majority of 
the time.” Resistance was estimated by a question asking if the participant had difficulty walking up ten steps alone 
without rest and assistance, while ambulation was measured by asking if the participant had difficulty walking several 
hundred yards alone without aids; one point was awarded for “yes” answers to these questions. Illness was scored 1 for 
participants who reported suffering from five or more illnesses. Loss of weight was scored 1 for participants with 
a weight decline of 5% or greater within the past 1 year based on self-report. Patients were grouped as (1) frail if they met 
three or more criteria; (2) pre-frail if they met one or two criteria; and (3) robust if they did not meet any criteria.

Clinical Frailty Scale
The CFS is a 9-point global assessment tool that summarizes an older adult’s overall fitness or frailty level.10 The CFS is 
a practical meaningful instrument for assessing frailty and provides predictive information comparable to other estab-
lished tools about the need for an institution. The CFS scores show a bimodal distribution, with peaks at 3 (“well, with 
treated comorbid disease”) and at 6 (“moderately frail”). Therefore, based on previous research, the CFS scores assigned 
by a trained physician according to functional performance and activities of daily living were categorized as CFS score ≤ 
3; 4 ≤ CFS score ≤ 5; and CFS score ≥ 6.

Statistical Analysis
The quantitative variables were presented as mean, standard deviation (SD) or median, interquartile range (IQR), while 
qualitative variables were described as frequencies and percentages. Participants were categorized as follows: non-frail, 
mildly frail (0.1 ≤ FI < 0.2, 1 ≤ FRAIL ≤ 2, 4 ≤ CFS ≤ 5), and frail, based on each of the three frailty instruments. The 
consistency between the instruments was assessed using the Kappa statistic. Mosaic plots were presented to illustrate the 
frequency of frailty status using the three frailty instruments. We used analysis of variance or the Kruskal–Wallis test 
after verification of normality using the Kolmogorov–Smirnov test to examine differences in baseline characteristics in 
relation to the frailty categories. For comparing categorical characteristics between patients who showed acute exacer-
bations and those who did not, differences between qualitative variables were analyzed using the Pearson χ2 or Fisher’s 
exact test if the numbers were low. For continuous variables, between-group differences were assessed using the 
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independent t-test or Kruskal–Wallis H-tests (if non-normally distributed data). A violin plot was utilized to visually 
compare the three frailty levels in relation to CAT and mMRC scores. We used a receiver operator characteristic (ROC) 
curve to assess the unadjusted predictive properties of the three frailty instruments for acute exacerbations within 1 year. 
Individual frailty instruments’ area under the curve (AUC) values were compared to determine statistical significance. An 
AUC value > 0.70 was considered to indicate an excellent discriminatory value. Associations between the frailty status 
assessed by the three instruments and frailty were determined using Poisson regression or logistic regression by 
estimating the odds ratio adjusted by age, educational level, exercise habit, and CAT score. All statistical analyses and 
plotting were performed using SPSS version 25.0 (IBM, Armonk, NY, USA) and Origin Pro version 2021 software. 
P values < 0.05 were considered indicative of statistical significance.

Results
General Characteristics and the Factors Influencing Frailty
The study population consisted of 120 patients with stable COPD, including 85 (70.8%) male and 35 (29.2%) female 
patients, with an average age of 68.34 ± 8.76 years. The estimated frailty incidence was 23.3% with FI, 11.7% with the 
FRAIL score, and 15.8% with the CFS score. Frailty, as defined by all instruments, was associated with older age, lower 
body mass index (BMI), exercise habits, smoking, maximum grip force, calf circumference, pulmonary function (PEF, 
FEV1/FVC, and FEV1%pred), more symptoms (CAT or mMRC score), acute exacerbations, and inhalation status 
(Table 1). We observed mild consistency among the three instruments (Kappa values ranged from 0.237 to 0.348), 
whereas FI and FRAIL showed better consistency (Kappa = 0.348) (Figure 1). Figure 2 shows the distribution of CAT 
and mMRC scores for different frailty statuses stratified using the three frailty instruments. The CAT and mMRC scores 
of the three frail groups were significantly different (P < 0.05; Supplementary Tables 2 and 3).

The Predictive Role of Frailty in Acute Exacerbations of COPD
Table 2 shows that education level, exercise habits, FEV1/FVC, CAT, mMRC, GOLD classification, and inhalation status 
were potential factors for acute exacerbations within one year in patients with COPD. After adjusting for covariates (age, 
educational level, exercise habit, and CAT score) in the final multivariate model, FI and CFS score remained independent 
risk factors for one-year acute exacerbations in patients with COPD (Table 3).

Comparison of the Three Frailty Instruments in Predicting Acute Exacerbations of 
COPD
For FI, a cut-off value of 0.106 showed a sensitivity of 74.7% and specificity of 56.0%. For the FRAIL score, a cut-off 
value of 1.500 showed a sensitivity of 29.5% and specificity of 96.0%. For the CFS score, a cut-off value of 4.500 
showed a sensitivity of 57.9% and a specificity of 80.0% (Supplementary Table 4). Frailty evaluated by the CFS showed 
moderate performance in predicting 1-year acute exacerbations [AUC (95% CI): 0.764 (0.663–0.866)]. Furthermore, 
the AUC value of the CFS scores improved from 0.764 to 0.792 when combined with FRAIL (Figure 3).

Discussion
This retrospective longitudinal study showed a high incidence of frailty, as assessed by the FI, FRAIL score, and CFS 
score, in patients with stable COPD. Moreover, the three frailty instruments showed mild consistency. Our analysis 
revealed that frailty and acute exacerbations in patients with stable COPD shared some common influences. Notably, the 
FI and CFS instruments performed comparably in predicting 1-year acute exacerbations. Our findings add to the existing 
evidence showing that multidimensional frailty instruments can predict acute exacerbations within 1 year in patients with 
COPD. Therefore, proactive identification of frailty may facilitate risk stratification for acute exacerbations and help 
identify candidates for targeted interventions.

The high incidence of frailty in patients with COPD likely represents complex inter-relationships between features of 
both frailty and COPD.21 Patients with COPD usually experience dyspnea, muscle atrophy, and exercise intolerance, 
creating a vicious cycle. For example, impaired lung function limits exercise capacity in patients with COPD, and 
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Table 1 General Demographics and Clinical Characteristics of the Frailty Status Assessed by FI, FRAIL, and CFS in the COPD Patients

Variables FI FRAIL CFS

FI<0.1 0.1≤FI<0.2 FI≥0.2 P-value Non-frail Pre-Frail Frail P-value CFS≤3 4≤CFS≤5 CFS≥6 P-value

N(%) 27(22.5%) 65(54.2%) 28(23.3%) 55(45.8%) 51(42.5%) 14(11.7%) 14(11.7%) 87(72.5%) 19(15.8%)

Sex, male n (%) 21(77.8%) 47(72.3%) 17(60.7%) 0.352 43(78.2%) 31(60.8%) 11(78.6%) 0.114 11(78.6%) 59(67.8%) 15(78.9%) 0.498

Age, years, mean (SD) 62.3(7.7) 69.1(8.7) 72.5(6.8) <0.001 65.4(8.4) 70.9(8.7) 70.6(7.2) 0.003 64.4(8.6) 68.6(9.2) 70.0(6.2) 0.170
BMI, kg/m², median (IQR) 23.4 

(21.4,24.8)

21.9 

(20.0,24.1)

21.1 

(18.8,23.9)

0.046 22.7 

(21.1,24.2)

22.1 

(19.8,24.6)

20.3 

(18.0,22.0)

0.006 23.4 

(21.4,25.0)

22.2 

(19.9,24.1)

21.1 

(18.4,23.4)

0.093

Marital status, married n (%) 24(88.9%) 56(86.2%) 20(71.4%) 0.182 50(90.9%) 38(74.5%) 12(85.7%) 0.075 12(85.7%) 72(82.8%) 16(84.2%) 1.000
Educational level, n (%) 0.310 0.006 0.069

College or above 6(22.2%) 10(15.4%) 7(25.0%) 9(16.4%) 13(25.5%) 1(7.1%) 5(35.7%) 16(18.4%) 2(10.5%)

High School or Middle school 14(51.9%) 26(40.0%) 4(14.3%) 29(52.7%) 12(23.5%) 3(21.4%) 7(50.0%) 32(36.8%) 5(26.3%)
Primary School or below 7(25.9%) 29(44.6%) 17(60.7%) 17(30.9%) 26 (51.0%) 10(71.4%) 2(14.3%) 39(44.8%) 12(63.2%)

Income (yuan/month), n (%) 0.206 0.216 0.317
>5000 4(14.8%) 8(12.3%) 7(25.0%) 6(10.9%) 10(19.6%) 3(21.4%) 3(21.4%) 14(16.1%) 2(10.5%)

3000–5000 10(37.0%) 13(20.0%) 5(17.9%) 18(32.7%) 8(15.7%) 2(14.3%) 5(35.7%) 21(24.1%) 2(10.5%)

<3000 13(48.1%) 44(67.7%) 16(57.1%) 31(56.4%) 33(64.7%) 9(64.3%) 6(42.9%) 52(59.8%) 15(78.9%)
Exercise habit, n (%) 14(51.9%) 32(49.2%) 11(39.3%) 0.594 30(54.5%) 25(49.0%) 2(14.3%) 0.026 11(78.6%) 41(47.1%) 5(26.3%) 0.012

Smoking, n (%) 0.005 0.002 0.021

Never 10(37.0%) 27(41.5%) 11(39.3%) 19(34.5%) 27(52.9%) 2(14.3%) 7(50.0%) 38(43.7%) 3(15.8%)
Past 3(11.1%) 19(29.2%) 14(50.0%) 13(23.6%) 13(25.5%) 10(71.4%) 3(21.4%) 21(24.1%) 12(63.2%)

Current 14(51.9%) 19(29.2%) 3(10.7%) 23(41.8%) 11(21.6%) 2(14.3%) 4(28.6%) 28(32.2%) 4(21.1%)

Maximum grip force, kg, 
mean (SD)

31.5(8.0) 28.2(8.6) 24.0(6.5) 0.003 30.5(8.3) 26.6(8.1) 22.8(5.9) 0.002 28.9(8.9) 28.5(8.5) 25.0(7.0) 0.245

Calf circumference, median 
(IQR)

34.0 

(32.2,35.0)

32.6 

(30.1,34.9)

30.2 

(26.3,32.5)

0.146 33.0 

(32.0,35.0)

32.2 

(29.0,35.0)

27.0 

(24.6,31.0)

0.001 33.0 

(32.2,34.6)

32.6 

(30.0,35.0)

30.0 

(27.0,33.0)

0.032

Pulmonary function, median 
(IQR)
PEF, L/s 4.5(3.3,6.3) 3.2(2.2,4.8) 3.0(2.2,3.8) 0.003 3.8(2.6,5.5) 3.2(2.4,4.5) 2.3(1.7,3.4) 0.020 5.3(3.2,7.0) 3.2(2.4,4.5) 3.0(2.1,4.9) 0.012
FEV1/FVC (%) 63.5 

(57.9,68.0)

53.0 

(44.0,61.6)

55.1 

(42.2,62.7)

<0.001 59.0 

(51.8,65.9)

56.0 

(48.8,63.0)

44.6 

(38.3,61.9)

0.050 64.5 

(58.8,68.3)

56.0 

(46.1,63.0)

53.0 

(42.5,61.7)

0.010

FEV1%predicted 64.7 
(58.2,80.9)

52.4 
(38.5,66.8)

54.7 
(47.3,72.7)

<0.001 60.7 
(43.3,78.3)

54.8 
(45.0,66.8)

51.0 
(28.2,66.8)

0.238 74.1 
(56.0,90.2)

54.9 
(42.8,67.6)

56.5 
(34.1,66.8)

0.057

CAT≥10, n (%) 8(29.6%) 45(69.2%) 24(85.7%) <0.001 23(41.8%) 40(78.4%) 14(100%) <0.001 0(0%) 58(66.7%) 19(100%) <0.001

mMRC≥2, n (%) 9(33.3%) 45(69.2%) 26(92.9%) <0.001 28(50.9%) 38 (74.5%) 14 (100%) 0.001 2(14.3%) 59(67.8%) 19(100%) <0.001
GOLD stage, n (%) <0.001 0.001 <0.001

A 14(51.9%) 8(12.3%) 1(3.6%) 19(34.5%) 4(7.8%) 0(0%) 11(78.6%) 12(13.8%) 0(0%)

B 4(14.8%) 13(20.0%) 3(10.7%) 9(16.4%) 10(19.6%) 1(7.1%) 1(7.1%) 18(20.7%) 1(5.3%)
E 9(33.3%) 44(67.7%) 24(85.7%) 27(49.1%) 37(72.5%) 13(92.9%) 2(14.3%) 57(65.5%) 18(94.7%)

(Continued)
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Table 1 (Continued). 

Variables FI FRAIL CFS

FI<0.1 0.1≤FI<0.2 FI≥0.2 P-value Non-frail Pre-Frail Frail P-value CFS≤3 4≤CFS≤5 CFS≥6 P-value

Inhalation situation, n (%) 0.079 0.522 0.014

None 7(25.9%) 13(20.0%) 3(10.7%) 12(21.8%) 10(19.6%) 1(7.1%) 8(57.1%) 13(14.9%) 2(10.5%)
BD 1(3.7%) 8(12.3%) 5(17.9%) 6(10.9%) 5(9.8%) 3(21.4%) 0(0.0%) 13(14.9%) 1(5.3%)

LAMA+LABA 9(33.3%) 15(23.1%) 2(7.1%) 15(27.3%) 9(17.6%) 2(14.3%) 1(7.1%) 18(20.7%) 7(36.8%)
LAMA+LABA+ICS 10(37.0%) 29(44.6%) 18(64.3%) 22(40.0%) 27(52.9%) 8(57.1%) 5(35.7%) 43(49.4%) 9(47.4%)

Acute exacerbation, n (%) 16(59.3%) 53(81.5%) 26(92.9%) 0.007 40(72.7%) 41(80.4%) 14(100%) 0.078 5(35.7%) 71(81.6%) 19(100%) <0.001

Note: P-values under 0.05 indicate statistical significance. 
Abbreviations: SD, standard deviation; IQR, interquartile range; FI, Frailty Index; FRAIL, frailty questionnaire; CFS, Clinical Frailty Scale; BMI, body mass index; PEF, peak expiratory flow; FEV1/FVC, forced expiratory volume in 
one second/forced vital capacity; CAT, COPD Assessment Test; mMRC, modified Medical Research Council scale; GOLD, Global Initiative for Chronic Obstructive Lung Disease; BD, bronchodilator; LAMA, long-acting muscarinic 
antagonists; LABA, long-acting beta-antagonists; ICS, inhaled corticosteroids.
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Figure 1 Mosaic plot representing the frequency of frailty status when evaluated by (A) FI and FRAIL, (B) FI and CFS, and (C) FRAIL and CFS.

Figure 2 Distribution of the CAT and mMRC scores in the frailty statuses identified using the three frailty instruments. 
Notes: (A) Distribution of the CAT scores in the frailty statuses identified using FI; (B) Distribution of the CAT scores in the frailty statuses identified using FRAIL; (C) 
Distribution of the CAT scores in the frailty statuses identified using CFS; (D) Distribution of the mMRC scores in the frailty statuses identified using FI; (E) Distribution of 
the mMRC scores in the frailty statuses identified using FRAIL; (F) Distribution of the mMRC scores in the frailty statuses identified using CFS.
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prolonged reductions in activity can lead to wasting atrophy of skeletal muscles and exercise intolerance, further 
exacerbating the dyspnea that manifests as a result of progressively limited activity.22,23 Thus, the prevalence of frailty 
in patients with COPD is unsurprising. A review of 27 studies found that an estimated 19% were frail, with 56% meeting 
the criteria for pre-frailty,3 which is consistent with our results. Moreover, the reported incidence of frailty among 
patients with COPD ranges from 6.6 to 75.5%, depending on the study population and the frailty assessment tools.24,25 In 
our study, the FI identified the highest percentage of frail patients with stable COPD. This is likely attributable to the 
multidimensional nature of the instrument, which evaluates comorbidities, function, and activities of daily living. In 
particular, patients with COPD in our study showed multidimensionally significant functional impairment. Thus, the fact 
that FI, which is primarily guided by the cumulative deficit model, evaluated a much higher rate of frailty, is not 

Table 2 General Characteristics Stratified by the Occurrence of Exacerbation Within 
1 Year

Variables N-AE (n=25) AE (n=95) P-value

Sex, male n(%) 17(68.0%) 68(71.6%) 0.726

Age, years, mean(SD) 69.2(8.6) 68.1(8.8) 0.567

BMI, kg/m², median (IQR) 23.4(21.9,23.8) 21.4(19.9,24.2) 0.062
Marital status, married n(%) 22(88.0%) 78(82.1%) 0.688

Educational level, n(%) 0.002

College or above 6(24.0%) 17(17.9%)
High School or Middle school 14(56.0%) 30(31.6%)

Primary School or below 5(20.0%) 48(50.5%)
Income (yuan/month), n(%) 0.491

>5000 13(52.0%) 60(63.2%)

3000–5000 8(32.0%) 20(21.1%)
<3000 4(16.0%) 15(15.8%)

Exercise habit, n (%) 20(80.0%) 37(38.9%) <0.001

Smoking, n (%) 0.449
Never 12(48.0%) 36(37.9%)

Past 5(20.0%) 31(32.6%)

Current 8(32.0%) 28(29.5%)
Maximum grip force, kg, mean (SD) 30.0(7.6) 27.4(8.5) 0.185

Calf circumference, median (IQR) 33.0(32.1,35.0) 32.2(29.0,34.5) 0.085

Pulmonary function, median (IQR)
PEF, L/s 3.9(2.8,5.6) 3.2(2.2,4.8) 0.065

FEV1/FVC (%) 62.7(50.4,68.0) 55.6(44.1,62.7) 0.033

FEV1%pred 60.9(42.6,84.6) 56.5(42.8,67.9) 0.303
CAT≥10, n(%) 9(36.0%) 68(71.6%) 0.001

mMRC≥2, n(%) 6(24.0%) 74(77.9%) <0.001

GOLD stage, n(%) <0.001
A 15(60.0%) 8(8.4%)

B 10(40.0%) 10(10.5%)

E 0(0.0%) 77(81.1%)
Inhalation situation, n(%) <0.001

None 14(56.0%) 9(9.5%)

BD 2(8.0%) 14(12.6%)
LAMA+LABA 4(16.0%) 22(23.2%)

LAMA+LABA+ICS 5(20.0%) 57(54.7%)

Note: P values under 0.05 indicate statistical significance. 
Abbreviations: SD, standard deviation; IQR, interquartile range; AE, acute exacerbations; BMI, body mass 
index; PEF, peak expiratory flow; FEV1/FVC, forced expiratory volume in the first second/forced vital capacity; 
CAT, COPD Assessment Test; mMRC, modified Medical Research Council scale; GOLD, Global Initiative for 
Chronic Obstructive Lung Disease; BD, bronchodilator; LAMA, long-acting muscarinic antagonists; LABA, long- 
acting beta-antagonists; ICS, inhaled corticosteroids.
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Table 3 Multivariate Logistic Regression of Factors Predicting Acute Exacerbations Within 1 Year

Model 1 Model 2 Model 3 Model 4

HR(95% CI) P-value HR(95% CI) P-value HR(95% CI) P-value HR(95% CI) P-value

A

FI

FI<0.1 Reference Reference Reference Reference

FI≥0.1 3.879 (1.493–10.083) 0.005 5.278(1.637–17.016) 0.005 5.250(1.497–18.412) 0.010 4.009(1.077–14.923) 0.038

Age - 0.932(0.872–0.995) 0.036 0.951(0.887–1.020) 0.163 0.942(0.875–1.013) 0.108

Educational level

College or above - Reference Reference Reference

High School or Middle school - 0.559(0.160–1.952) 0.362 0.365(0.097–1.377) 0.137 0.355(0.091–1.388) 0.137

Primary School or below - 2.587(0.662–10.117) 0.172 1.609(0.378–6.847) 0.520 1.362(0.305–6.079) 0.686

Exercise habit

Yes - - Reference Reference

No - - 6.329(1.880–21.311) 0.003 5.336(1.557–18.286) 0.008

CAT

CAT<10 - - - Reference

CAT≥10 - - - 2.547(0.815–7.955) 0.108

B

FRAIL

Non-frail Reference Reference Reference Reference

Frail 2.062(0.840–5.062) 0.114 1.824(0.668–4.980) 0.241 1.330(0.467–3.792) 0.593 0.829(0.257–2.676) 0.753

Age - 0.956(0.901–1.015) 0.139 0.981(0.922–1.043) 0.536 0.967(0.906–1.031) 0.306

Educational level

College or above - Reference Reference Reference

High School or Middle school - 0.678(0.200–2.304) 0.534 0.446(0.127–1.569) 0.208 0.395(0.106–1.473) 0.167

Primary School or below - 3.174(0.840–11.994) 0.089 2.095(0.525–8.363) 0.295 1.653(0.387–7.049) 0.497

Exercise habit

Yes - - Reference Reference

No - - 5.938(1.853–19.026) 0.003 5.120(1.558–16.832) 0.007

CAT

CAT<10 - - - Reference

CAT≥10 - - - 3.728(1.167–11.912) 0.026

C

CFS

CFS≤3 Reference Reference Reference Reference

CFS≥4 10.125(3.002–34.148) <0.001 12.692(3.146–51.204) <0.001 9.001(2.096–38.662) 0.003 6.085(1.230–30.093) 0.027

Age - 0.930(0.868–0.997) 0.040 0.951(0.885–1.023) 0.176 0.947(0.881–1.019) 0.145

Educational level

College or above - Reference Reference Reference

High School or Middle school - 0.390(0.101–1.498) 0.170 0.310(0.078–1.235) 0.097 0.324(0.081–1.298) 0.111

Primary School or below - 2.173(0.513–9.192) 0.292 1.510(0.337–6.775) 0.590 1.405(0.306–6.449) 0.662

Exercise habit

Yes - - Reference Reference

No - - 4.537(1.365–15.082) 0.014 4.260(1.264–14.355) 0.019

CAT

CAT<10 - - - Reference

CAT≥10 - - - 1.952(0.570–6.689) 0.287

Notes: P-values under 0.05 indicated statistical significance. Model 1: raw model. Model 2: Model 1 plus age and educational level. Model 3: Model 2 plus exercise habit. 
Model 4: Model 3 plus CAT score. 
Abbreviations: FI, Frailty Index; FRAIL, frailty questionnaire; CFS, Clinical Frailty Scale; CAT, COPD Assessment Test.
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surprising. Notably, assessments using the three frailty instruments showed mild consistency, while better consistency 
was observed between FI and FRAIL. The results of the present study were similar to those reported by Zhang et al.26 

However, the effect of this consistency was better in their study than ours, probably since their study only categorized 
patients with COPD into frail and non-frail groups, whereas our study categorized more patients into the pre-frail and 
mild frailty groups.

Acute exacerbations of COPD and frailty share some risk factors (eg, age and smoking) and pathophysiological 
mechanisms, including chronic inflammation, immune system dysfunction, and impaired neuroendocrine regulation.3 We 
found some aspects of the same, but not all, risk factors for frailty and acute exacerbation in patients with COPD. 
Consistent with the study by Lahousse,27 we observed an association between frailty (assessed with any of the three 
instruments) and pulmonary function (PEF and FEV1/FVC). Lara’s study showed that frailty was correlated with higher 
mMRC and CAT scores, and a CAT/mMRC combination ([CAT/8] + MRC) score ≥ 5.5 was highly associated with 
frailty.28 Similarly, our frailty instruments, apart from FRAIL, powerfully illustrated the subjective symptoms (CAT/ 
mMRC score) and high frequency of exacerbations in COPD patients. Like previous studies investigating frailty in 
COPD patients,25,29 the COPD patients with frailty in our study showed more symptoms and less physical activity, 
factors that have been associated with higher acute exacerbations. Sedentary behavior has also been reported to be 
independently associated with frailty.30 Shortness of breath leads to inactivity,31 which causes deficits in muscle strength, 
mass, and quality.32 Conversely, the loss of muscle endurance and strength are components of frailty. Thus, a lack of 
exercise habits alone may be a helpful marker of frailty and a decreased physiologic reserve. Notably, no differences 
were observed in the age of COPD patients with different frailty statuses in our study. This finding, consistent with those 
reported by Elsa.33 and Kennedy,8 emphasizes that the frailty syndrome cannot be attributed to age or comorbidity.

More than 70 instruments for clinical evaluation of frailty are available at present,34 with no consensus regarding the 
gold standard instrument for assessment of frailty. The choice of a particular frailty assessment tool depends on the 
purpose, setting, time available, and characteristics of the interviewees.35 However, frailty evaluation is a feasible 
technique for prognostic assessments of acute exacerbations in patients with COPD. Our study used three of the more 
commonly available frailty instruments to assess patients with stable COPD. After adjusting for covariates in the final 
multivariate model, the FI and CFS score remained independent risk factors for one-year acute exacerbations in patients 
with COPD. These results were consistent with those obtained previously.5,29 Frailty evaluation is a valuable tool for 
predicting acute exacerbations in patients with COPD. The benefit of FI is that it enables more thorough evaluation of an 
individual’s overall condition, but it is time-constrained because the evaluation is difficult. The FRAIL is a simple 

Figure 3 The area under the receiver operating characteristic curves for FI, FRAIL, and CFS predicts 1-year acute exacerbations. 
Notes: (A) Comparison of the accuracy of FI, FRAIL, and CFS in predicting acute exacerbations in patients with COPD within 1 year; (B) Comparison of the accuracy of 
prediction of acute exacerbations within 1 year in patients with COPD after two-by-two combinations of FI, FRAIL, and CFS, respectively. 
Abbreviations: AUC, area under the receiver operating characteristic curve; FI, Frailty Index; FRAIL, Frailty questionnaire; CFS, Clinical Frailty Scale; ROC, receiver 
operating characteristic curve.
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questionnaire that a physician or healthcare professional can rapidly administer. It also conveniently allows relatively 
low-cost surveys by phone or self-administered questionnaires over long intervals. However, like other studies,29 our 
study showed that frailty reflected by the FRAIL score was not associated with the key COPD outcome of exacerbations. 
This may be because the boundaries of the FRAIL grading are not very clear or the sample size is relatively small. 
Therefore, the differences between the frailty assessment tools may be reflected not only in the incidence of frailty in 
COPD patients, but also in the prediction of acute exacerbations. The CFS relies upon a health professional’s evaluation 
of an individual’s frailty status using the descriptors as guidance, and is utterly dependent on an individual’s ability to 
perform the activities of daily living. The ease of use of the CFS, which can be readily utilized in a clinical setting, is one 
of the strengths that make it superior to previously developed tools. Notably, the CFS score was the best predictor of 
acute exacerbations among the three instrumental measurements in our study, which is consistent with the actual clinical 
situation.

Few studies have compared the association of frailty with COPD outcomes such as exacerbations by using hetero-
geneous definitions of frailty.27 In our study, the three frailty assessment tools showed similar mild predictive ability for 
acute exacerbations within 1 year. Our study simultaneously highlighted the usefulness of the CFS for predicting acute 
exacerbations in COPD patients since the CFS is a global measure of physical performance. Indeed, studies have shown 
tight correlations between validated frailty measures.36 This study corroborates previously reported information regard-
ing the relationship between frailty and COPD. The CFS and FRAIL assess frailty, and generalized tools for summarizing 
multidimensional information with questionnaires and measurements may better meet clinical needs. Multidimensional 
frailty assessments may identify COPD patients who could benefit the most from clinical interventions.

The strengths of this study include the fact that we provided new data, including the association between frailty and 
acute exacerbations COPD within 1 year, which encouraged frailty assessments at the beginning of COPD management. 
Additionally, we used different frailty combinations to predict acute exacerbations in patients with COPD, which allowed 
more accurate prediction. Early assessment and diagnosis of multidimensional frailty may help physicians identify 
patients at higher risk of experiencing acute exacerbations and establish early interventions and treatments to mitigate or 
reverse the frailty condition.

Despite these strengths, our study also had limitations that require consideration. (1) Due to the single-center approach 
for recruitment, extrapolation of our results to other areas should be performed with caution. (2) The study participants 
included patients with stable COPD, which limited the suitability of the findings for the overall COPD population. In the 
future, it might be necessary to design multicenter, large-sample prospective studies to explore the effect of frailty 
assessment on acute exacerbations in patients with COPD to increase the credibility and applicability of the findings.

Conclusions
In this retrospective longitudinal study, the three frailty assessment instruments differed in their efficacy in predicting 
acute exacerbations in patients with COPD. Multidimensional frailty assessments could improve the identification and 
accuracy of patients at a high risk of acute exacerbations. Future studies should examine whether interventions for frailty 
can reduce acute exacerbations in COPD.
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