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Rationale: For the high prevalence of frail in patients with chronic obstructive pulmonary 
disease (COPD), further study should explore an in-depth understanding of the relationship 
between frailty and prognosis of COPD.
Objective: To determine the correlation between frailty and risk of acute exacerbation, 
hospitalizations, and mortality in older patients with stable COPD.
Participants and Methods: Consecutive older adults (≥65) diagnosed with stable COPD 
from January 2018 to July 2019, with an average follow-up of 546 days (N = 309). Frailty 
was defined by the Fried frailty phenotype. Poisson regression was performed to assess the 
influence of frailty on the incidence of acute exacerbations of COPD (AECOPD) and all- 
cause hospitalizations in a year. Cox regression was performed to evaluate the effect of 
frailty on all-cause mortality in patients with stable COPD.
Results: The prevalence of frailty was 49.8%. The most common phenotypic characteristics 
were weakness (99.4%) followed by slowness (92.9%). After adjustment, frailty increased 
the incidence of AECOPD (IRR = 1.75, 95% CI: 1.09–2.82) and all-cause hospitalizations 
(IRR = 1.39, 95% CI 1.04–1.87) within a year. Slowness was associated with AECOPD (IRR 
= 1.77, 95% CI: 1.03–3.03), and weakness was associated with increased all-cause hospita-
lizations (IRR = 1.53, 95% CI: 1.04–2.25). The all-cause mortality risk was more than 
twofold higher in frail patients (HR = 2.54, 95% CI: 1.01–6.36) than non-frail patients. Low 
physical activity (HR = 2.66, 95% CI: 1.17–6.05) and weight loss (HR = 2.15, 95% CI: 
1.02–4.51) were significantly associated with increased all-cause mortality in patients with 
COPD.
Conclusion: Frailty increased the incidence of acute exacerbation and hospitalization, as 
well as increased mortality in older patients with stable COPD. This knowledge will help 
physicians identify high-risk groups with COPD and frailty who may benefit from targeted 
interventions to prevent disease progression.
Keywords: COPD, frailty, older adults, acute exacerbation, mortality

Introduction
Chronic obstructive pulmonary disease (COPD) is a common preventable and 
treatable disease characterized by persistent respiratory symptoms and airflow 
limitation. COPD is related to exposure of the body to toxic gases or toxic particles, 
causing abnormalities in the respiratory tract and/or alveoli.1 In the past three 
decades, the incidence and mortality of COPD in China have declined significantly. 
However, with continuous exposure to environmental risk factors and with an aging 
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population, COPD remains the fourth leading cause of 
death in China.2 COPD is considered a disease that accel-
erates aging, and it is related to the accumulation of multi-
ple impairments in pulmonary function during the aging 
process. Frailty is a geriatric syndrome that is defined as 
a cumulative decline in multiple organ systems and loss of 
physiological reserves, increasing the vulnerability to 
adverse outcomes, including falls, delirium, disability, 
reduced quality of life, hospitalization, and mortality in 
elderly adults.3 The Fried phenotype is well established 
and widely used for evaluating frailty. It evaluates five 
aspects including nutritional status, physical activity, 
mobility, strength, and energy.4 Frailty may be prevalent 
in as many as half of patients with COPD, especially in 
elderly patients, is strongly related to airflow limitation, 
symptoms, and exacerbation frequency, and can be miti-
gated through pulmonary rehabilitation.5–10

COPD is a heterogeneous disease. Even patients with the 
same forced expiratory volume in 1 second (FEV1) have con-
siderable differences in symptoms, exacerbations, response to 
therapy, the rate of disease progression, or death, therefore they 
exhibit different clinical phenotypes.11 Phenotypic recognition 
not only helps in understanding this heterogeneity, but it also 
has potential diagnostic and therapeutic importance. The 
impact of frailty on a person’s meaningful outcomes can iden-
tify a unique cluster of patients. Physical frailty traits, although 
not well defined in patients with COPD, have long been 
recognized as having direct and independent therapeutic impli-
cations for management, in addition to substantially impacting 
quality of life, prognosis, and health care utilization.12

Previous researches in COPD and frailty were mainly 
cross-sectional or retrospective studies, but not longitudi-
nal studies. In addition, the frailty assessment tools used 
in these studies were various. The correlation between 
phenotypic characteristics of frailty and prognosis of 
COPD has not been fully understood. In this study, we 
aimed to assess the association between frailty and 
COPD adverse outcomes and to further evaluate the 
correlation between different phenotype characteristics 
of frailty and COPD prognosis. We hypothesized that 
frailty could independently predict the mortality or 
exacerbation of elderly patients with stable COPD. This 
information may help in early identification of high-risk 
patients, hierarchical management of interventional fac-
tors, and prognostic improvement of elderly patients with 
stable COPD.

Methods
Participants
This was an observational study of prospectively collected 
data from the Beijing Friendship Hospital, a tertiary hospital 
affiliated with Capital Medical University, China. We 
enrolled all consecutive older patients with a diagnosis of 
stable COPD via the geriatric department between 
January 2018 to July 2019. The inclusion criteria of the 
study were patients (1) age ≥ 65 years old; (2) with 
a diagnosis of COPD based on the 2017 Global Initiative 
for COPD (GOLD) guidelines,1 with respiratory symptoms 
or risk factors, and a post-bronchodilator ratio of FEV1 to 
forced vital capacity (FVC) < 0.70; and (3) with good mental 
and cognitive status in able to complete frail assessment.

Exclusion criteria of this study were patients (1) with 
acute exacerbation in the previous 3 months that required 
a change in medication; (2) with respiratory diseases other 
than COPD, ie, asthma, active tuberculosis, or diffuse 
parenchymal lung disease; (3) complicated with unstable 
cardiac disease or a predominant neurological disability; 
and (4) with terminal-stage malignant tumor.

Measurements
Data Collection
Trained evaluators performed face-to-face interviews to col-
lect patients’ information including demographic character-
istics, smoking history, body mass index (BMI), medication, 
respiratory symptoms, frequencies of acute exacerbations of 
COPD (AECOPD) and hospitalizations within 1 year.

Spirometry was performed by trained paramedical person-
nel according to the American Thoracic Society and European 
Respiratory Society guidelines and the accuracy of the lung 
function equipment was frequently verified. GOLD severity 
was classified as mild-, moderate-, severe- or very severe- 
COPD by forced expiratory volume in FEV1%pred of 
≥80%, 50–80%, 30–50%, and <30%, respectively. COPD 
subjects were also classified A to D group according to the 
recent GOLD update which includes the evaluation of self- 
reported symptoms (the COPD Assessment Test [CAT] and 
modified Medical Research Council [mMRC] dyspnea scale), 
and the history of moderate (requiring steroids and/or antibio-
tics), and severe (requiring hospitalization) exacerbations as 
well as the severity of airflow limitation. A was the mildest 
symptoms and lowest risk and D was the most severe symp-
tom and highest risk.
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Frailty
Frailty was assessed using the Fried frailty phenotype (FFP) 
criteria:4 (1) unintentional weight loss (4.5kg in the past 12 
months); (2) self-reported exhaustion; (3) weakness; (4) 
slowness; and (5) low level of physical activity. The cut- 
off values were consistent with the original criteria. Each 
construct was considered present (score of 1) or absent 
(score of 0). The total score ranged from 0 to 5. As estab-
lished previously, the presence and absence of frailty were 
defined as a score of ≥ 3 and ≤ 2, respectively.

Covariates
The Charlson comorbidity index (CCI) was performed to 
assess the burden of complications in patients.13 The CCI 
is the sum of weighted measures of the following 17 
chronic diseases: ischemic heart disease, congestive heart 
failure, cerebrovascular accident, peripheral vascular dis-
ease, chronic lung diseases, diabetes, dementia, connective 
tissue diseases, renal diseases, liver diseases, hemiplegia, 
solid tumors or hematological malignancies, and acquired 
immunodeficiency diseases. Each disease has a score of 1, 
2, 3, or 6, depending on the severity.

The nutritional status of patients was evaluated using the 
Mini Nutritional Assessment-Short Form.14 These ques-
tionnaire items include BMI, weight loss in the past 3 
months, dietary changes, stress or acute illness, degree of 
mobility, and neuropsychiatric diseases. The total score of 
the questionnaire is 14 points, and scores from 0 to 7 
indicate malnutrition. Functional status was assessed using 
the Katz Activities of Daily Living (ADL) scale and Lawton 
Instrumental Activities of Daily Living (IADL) scale.15

Follow-Up and Study Outcomes
Research practitioners phoned participants every three 
months to collect data on the exacerbation frequencies 
and hospitalizations. All patients followed up until 
July 2020. Deaths were confirmed through surveillance 
or matched to official death records. The primary outcome 
was all-cause mortality during follow-up. The secondary 
outcomes were the frequencies of AECOPD and the fre-
quencies of all-cause hospitalizations in a year.

Statistical Analysis
The normality of continuous variables was tested by the 
Shapiro–Wilk test. Based on its result, continuous variables 
were expressed as the means ± standard deviation (SD) or 
median (interquartile range [IQR]/minimum value – max-
imum value) and compared using Student’s t-test or the 

Mann–Whitney U-test as appropriate. Categorical variables 
were compared using the chi-squared test or Fisher’s exact 
test. The associations between baseline frailty status and 
moderate-to-severe exacerbations and all-cause hospitaliza-
tions were analyzed using Poisson regression. The associa-
tion between baseline frailty status and all-cause mortality 
was analyzed using a Log rank test and the Cox proportional 
hazards model. The following variables were considered as 
confounding factors and adjusted in the two regression 
equations: age, gender, CCI, medication, GOLD severity, 
moderate-to-severe exacerbation history, and CAT score. 
For patients whose effective follow-up time was less than 
1 year, the logarithm of the follow-up time (years) was used 
as the offset in Poisson regression. All statistical analyses 
were performed using R version 3.6.3 (The R Project for 
Statistical Computing, Vienna, Austria). P <0 0.05 was 
considered statistically significant.

Results
Baseline Characteristics of Participants
This cohort study finally included 309 participants (22% 
women), with a median age of 86 years (IQR: 80–90 
years). Demographic characteristics were presented in 
Table 1. A total of 154/309 (49.8%) patients were frail. 
Frail patients were significantly older, had more comorbid-
ity, poorer lung function (FEV1% predicted), more symp-
toms (CAT or mMRC), and worse history of acute 
exacerbations or hospitalizations compared to non-frail 
patients. However, frail patients and comparators were simi-
lar in gender, smoking index, and GOLD severity category. 
Frail patients also had significantly poorer nutritional status, 
ADL, gait speed, and handgrip strength compared to the 
non-frail group. Among frail patients, the most common 
phenotypic characteristics were weakness (99.4%) followed 
by slowness (92.9%), exhaustion (79.9%), low physical 
activity (76.6%), and weight loss (20.1%) (Figure 1).

Effect of Frailty on AECOPD and 
All-Cause Hospitalization
All patients completed follow-up, with an average follow- 
up time of 546 days (IQR: 383–733 days). The incidence 
of acute exacerbations and all-cause hospitalizations in the 
frail group within a year were significantly higher than 
those in the non-frail group (P < 0.001, Table 2). The 
results of Poisson regression are presented in Table 3. 
After adjusting for age, gender, medication, CCI, GOLD 
severity, moderate-to-severe exacerbation history, and 
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Table 1 Baseline Characteristics of Elderly Patients with Stable Chronic Obstructive Pulmonary Disease (COPD), Classified 
According to Frailty

Total Cohort Non-Frail Frail† P-value

N (%) 309 155 (50.2) 154 (49.8)

Age, yr, median (IQR) 86 (80, 90) 82 (77, 88) 89 (85, 92) <0.001*

Sex, female n (%) 68 (22.0) 29 (18.7) 39 (25.3) 0.205

Smoking Status, n (%) 0.031*

Never 143 (46.3) 68 (43.9) 75 (48.7)
Previous 99 (32.0) 44 (28.4) 55 (35.7)

Current 67 (21.7) 43 (27.7) 24 (15.6)

Smoking Index (pack yr), median (IQR) 5 (0, 30) 10 (0, 30) 3 (0, 30) 0.942

BMI (kg/m2), mean (SD) 24.1 (3.8) 25.1 (3.2) 23.2 (4.1) <0.001*

CCI, median (IQR) 4 (3, 5) 3 (2, 4) 5 (3, 6) <0.001*

MNA-SF, median (IQR) 12 (9, 14) 13 (12, 14) 10 (8, 12) <0.001*

Malnutrition, n (%) 32 (10.5) 6 (3.9) 26 (17.1) <0.001*

COPD Disease Severity

FEV1% predicted, median (IQR) 74.2 (60.4, 85.3) 76.3 (63.8, 87.5) 71.0 (57.0, 83.4) 0.028*

GOLD severity category, n (%) 0.090
Mild (≥80%) 114 (36.9) 63 (40.6) 51 (33.1)

Moderate (50–80%) 162 (52.4) 81 (52.3) 81 (52.6)

Severe (30–49%) 30 (9.7) 11 (7.1) 19 (12.3)
Very severe (<30%) 3 (1.0) 0 (0) 3 (1.9)

mMRC, median (IQR) 2.0 (1.0, 3.0) 1.0 (1.0, 2.0) 2.0 (2.0, 3.0) <0.001*

mMRC ≥ 2, n (%) 85 (27.5) 9 (5.8) 76 (49.4) <0.001*
CAT, median (IQR) 8 (3, 13) 5 (2, 9) 12 (6, 15) <0.001*

CAT ≥ 10, n (%) 131 (42.4) 36 (23.2) 95 (61.7) <0.001*

≥ 1 COPD moderate-to-severe exacerbations prior yr, n (%) 95 (30.7) 26 (16.8) 69 (44.8) <0.001*
GOLD stage <0.001*

GOLD A, n (%) 129 (41.7) 107 (69.0) 22 (14.3)

GOLD B, n (%) 132 (42.7) 40 (25.8) 92 (59.7)
GOLD C, n (%) 7 (2.3) 2 (1.3) 5 (3.2)

GOLD D, n (%) 41 (13.3) 6 (3.9) 35 (22.7)

ADL, median (IQR) 5 (3, 6) 6 (5, 6) 3 (2, 5) <0.001*

IADL, median (IQR) 5 (2, 8) 8 (6, 8) 3 (1, 5) <0.001*

Physical Function

Pace, m/s, median (IQR) 0.57 (0.27, 0.88) 0.88 (0.67, 1.09) 0.30 (0, 0.45) <0.001*
Handgrip strength, kg, mean (SD) 20 (13, 26) 25 (20, 32) 14 (8, 20) <0.001*

Medication 0.009*
LAMA/LABA, n (%) 127 (41.1) 66 (42.9) 61 (39.4)

2BD/BD+ICS, n (%) 24 (7.8) 6 (3.9) 18 (11.6)
LAMA+LABA+ICS, n (%) 43 (13.9) 16 (10.4) 27 (17.4)

None, n (%) 115 (37.2) 66 (42.9) 49 (31.6)

Notes: †Frailty was defined as Fried phenotype scores ≥ 3. *P < 0.05. 
Abbreviations: SD, standard deviation; IQR, inter-quartile range; BMI, body mass index; ADL, activity of daily living; IADL, instrumental activity of daily living; CCI, 
Charlson’s comorbidity index; MNA-SF, Mini Nutritional Assessment-Short Form; FEV1, forced expiratory volume in 1 second; GOLD, Global Initiative for COPD; mMRC, 
modified Medical Research Council; CAT, COPD Assessment Test; BD, bronchodilator; ICS, inhaled corticosteroids; LABA, long-acting beta-agonists; LAMA, long-acting 
muscarinic antagonists.
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CAT, frailty significantly increased incidence of AECOPD 
(incidence rate ratio [IRR] = 1.75, 95% confidence interval 
[CI]: 1.09–2.82, P = 0.021) and all-cause hospitalizations 
(IRR = 1.39, 95% CI 1.04–1.87, P = 0.028) within a year. 
The five phenotypic characteristics in multivariate Poisson 
regression analysis showed that slowness was associated 
with AECOPD (IRR = 1.77, 95% CI: 1.03–3.03), and 
weakness was associated with all-cause hospitalization 
(IRR = 1.53, 95% CI: 1.04–2.25).

Effect of Frailty on All-Cause 
Mortality in Patients with COPD
As shown in Table 2, there were 7 deaths (4.5%) in the 
non-frail group and 43 deaths (27.9%) in the frail group 
during the follow-up period. Frail participants had signifi-
cantly worse survival by Kaplan-Meier survival analysis 

(see Figure 2A). After adjustment, Cox regression analysis 
showed that the all-cause mortality risk was more than 
twofold higher in frail patients (hazard ratio [HR] = 2.54, 
95% CI: 1.01–6.36, P = 0.047) than non-frail patients 
(Figure 2B). Low physical activity (HR = 2.66, 95% CI: 
1.17–6.05) and weight loss (HR = 2.15, 95% CI: 1.02–-
4.51) were significantly associated with increased all- 
cause mortality in patients with COPD. (Table 3)

Discussion
This study demonstrated that frailty was prevalent in stable 
COPD elderly population. Frail COPD patients had a 75% 
increased risk of AECOPD within a year, and a 39% 
higher risk of all-cause hospitalization. The risk of all- 
cause mortality in the frail group increased significantly 
by 154% compared with the non-frail group during follow- 
up. For the five phenotypic characteristics of frailty, low 
physical activity and weight loss were significantly asso-
ciated with increased mortality in elderly patients with 
COPD.

Maddocks et al8 stated that the prevalence of frailty in 
elderly patients with COPD was significantly higher than 
that of patients without COPD (10.2% vs 3.4%). However, 
owing to the heterogeneity of the study population and 
frailty assessment tools, the prevalence of frailty in COPD 
varies significantly, ranging from 6.6% to 75.5%.5,8–10 In 
this study, we performed the FFP assessment to evaluate 
very old patients with stable COPD, showing a prevalence 
of frailty of 49.8%, which was higher compared to other 
studies.5,10,16,17 In our cohort, frail patients presented 
worse nutritional status and physical performance com-
pared to the non-frail group. Weakness (99.4%) and slow-
ness (92.9%) were the most common phenotypic 

Figure 1 Distribution of frailty phenotypic characteristics assessed using Fried 
frailty phenotypes in older patients with stable chronic obstructive pulmonary 
disease (COPD).

Table 2 Results for 1-Year Acute Exacerbation of COPD, All-Cause Hospitalization, and Mortality in Frail and Non-Frail Elderly 
Patients with Stable COPD

Outcome Total Cohort 
(n=309)

Non-Frail (n= 
155)

Frail† 

(n=154)
Crude IRR/HR 

(95% CI)
P-value

Moderate-to-severe exacerbations per year, median 
(min, max)

0 (0, 5) 0 (0, 2) 0 (0, 5) 4.48 (3.03–6.85) <0.001*

All-cause hospitalizations per year, median (min, 
max)

1 (0, 6) 0 (0, 3) 1 (0, 6) 2.45 (1.92–3.12) <0.001*

All-cause 1-year death, n (%) 28 (9.1) 3 (1.9) 25 (16.2) 9.00 (2.72,29.83) <0.001*

All-cause death during follow-up, n (%) 50 (16.2) 7 (4.5) 43 (27.9) 6.94 (3.12,15.42) <0.001*

Notes: †Frailty was defined as Fried phenotype scores ≥ 3. *P < 0.05. 
Abbreviations: IRR, incidence rate ratio; HR, hazard ratios; CI, confidence intervals.
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characteristics of the frail group. Sarcopenia is a syndrome 
characterized by low levels of muscle strength, muscle 
quantity/quality, and physical performance is an indicator 
of its severity.18–20 The physical phenotype of frailty 
shows significant overlap with sarcopenia, low handgrip 
strength (weakness) and slow gait speed (slowness) are 
characteristic of both.21,22 Measurement of weakness and 
slowness can reflect the muscle strength and physical fit-
ness of patients. This method of evaluation is rapid, sim-
ple, economical, and practical. Non-fat weight loss affects 
the function of respiratory muscles and peripheral muscles 
in patients with COPD, manifesting by decreased muscle 
strength, exercise intolerance, and fatigue. Skeletal muscle 
atrophy and muscle weakness in patients with COPD are 
more prominent in the lower limbs than in the upper limbs, 
while the reduced quadriceps strength is mostly 
a reflection of the loss in muscle mass.23–25 Patients with 
COPD often have dyspnea, muscle atrophy, and exercise 
intolerance, creating a vicious cycle. For example, 
impaired lung function limits the exercise ability of 
patients with COPD, while long-term reduced activity 
level leads to skeletal muscle disuse atrophy and exercise 
intolerance, further exacerbating dyspnea, manifested by 
gradually limited activity.26,27 Therefore, it is not surpris-
ing that frailty is prevalent in patients with COPD.

Bernabeu-Mora et al confirmed that frailty predicted 
the risk of early hospital readmission for inpatients with 
AECOPD, adjusted for age, comorbidities, and other con-
founding factors, frailty increased 5.19-fold risk for 90- 
day readmission in patients with COPD (odds ratio = 5.19; 

95% CI: 1.26–21.50).28 Our study demonstrated that 
frailty increased the risk of AECOPD (IRR = 1.75, 95% 
CI: 1.09–2.82) and all-cause hospitalization (IRR = 1.39, 
95% CI 1.04–1.87) within a year in elderly patients with 
stable COPD, slowness and weakness were the outstand-
ing phenotypic characteristics. However, it is necessary to 
point out that with the accumulation of various physiolo-
gical deficits, frailty affected the clinical outcomes of 
patients with COPD, which is more in line with the actual 
clinical situation. Frailty not only increases AECOPD and 
hospitalization risk in patients with COPD but also 
impacts the long-term mortality risk on the patient. 
Lahousse et al followed up 2831 patients for 2 to 3 years 
and showed that frailty increased 4-fold risk for mortality 
in patients with COPD (HR = 4.03, 95% CI: 1.22–13.30),5 

which is consistent with our conclusion. In addition, our 
results suggested that although malnutrition was not the 
most common phenotypic characteristic of frailty 
(approximately 20.1%), malnutrition increased the risk of 
mortality in patients with COPD by 115% (HR = 2.15, 
95% CI: 1.02–4.51).

Frailty is an independent risk factor for exacerbations and 
progression of COPD, and patients with COPD are also more 
prone to frail. Although frail and COPD affect each other, both 
frailty and respiratory impairment can be modulated and 
treated.3,12,29 Rehabilitation is highly effective at strengthen-
ing skeletal muscles, improving symptom burden, physical 
function, and health status.30 Maddocks et al confirmed that 
frailty is an independent risk factor for lung rehabilitation non- 
completion but appears to result in favorable rehabilitation 

Table 3 Effects of Frailty and Its Characteristics on 1-Year Acute Exacerbation, All-Cause Hospitalization, and All-Cause Mortality in 
Older Patients with Stable COPD

Moderate-Severe COPD Exacerbations All-Cause Hospitalizations All-Cause Mortality

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

Non-frail ref ref ref
Frail (≥3) † 1.75 (1.09–2.82) 0.021* 1.39 (1.04–1.87) 0.028* 2.54 (1.01–6.36) 0.047*

Individual frailty characteristics

Exhaustion 1.29 (0.88–1.89) 0.193 1.11 (0.87–1.43) 0.401 1.33 (0.66–2.66) 0.418

Weakness 1.92 (0.99–3.73) 0.055 1.53 (1.04–2.25) 0.029* 6.39 (0.77–52.98) 0.084
Slowness 1.77 (1.03–3.03) 0.038* 1.17 (0.85–1.59) 0.334 2.11 (0.74–6.02) 0.156

Low physical activity 1.35 (0.88–2.09) 0.172 1.00 (0.76–1.32) 0.996 2.66 (1.17–6.05) 0.021*

Weight loss 1.07 (0.68–1.70) 0.768 0.96 (0.67–1.35) 0.798 2.15 (1.02–4.51) 0.044*

Notes: Data were estimated incidence rate ratios and 95% confidence intervals of the explanatory variables in the 1-year acute exacerbation and all-cause hospitalization, 
and hazard ratios and 95% confidence intervals of the explanatory variables in the all-cause mortality. IRR and HR were both adjusted for age, gender, CCI, medication, 
GOLD severity, moderate-to-severe exacerbation history, and CAT. †Frailty was defined as Fried Phenotype scores ≥ 3. *P < 0.05. 
Abbreviations: IRR, incidence rate ratio; HR, hazard ratios; CI, confidence intervals.
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outcomes.8 The intervention of malnutrition requires targeted 
practice based on the clinical status of patients with COPD 
(stable or exacerbation), disease severity, and different activity 
levels. However, it also should pay attention to identify the 
specific goals of nutritional intervention (energy imbalance, 
sarcopenia, cachexia, frailty) in practice.31 Some researchers 
have suggested that medical nutrition therapy can provide 
sufficient levels of protein, the amino acid leucine, vitamin 

D, and polyunsaturated fatty acids, which may be beneficial 
for the treatment of sarcopenia and functional decline.32 

Identification of frailty or pre-frailty in patients with COPD 
as early as possible and formulation and evaluation of tailored 
intervention programs may yield greater patient benefits. In 
practice, it is necessary to consider the efficacy and safety of 
therapy, establish a relationship of trust between physician and 
patient, create a common understanding of needs, clarify 
priorities, use personalized and multidisciplinary methods, 
provide flexible services, and offer information regarding risk- 
benefit decision-making.30

Recent studies have focused on describing groups of 
patients with clinically meaningful outcomes (symptoms, 
exacerbations, response to therapy, the rate of disease progres-
sion, or death) – COPD phenotypes, such as COPD-asthma 
overlap, emphysema-hyperinflation, and frequent- 
exacerbation COPD phenotypes.17,29,33 Identification of these 
phenotypes is liable for clinical screening of unique high-risk 
populations and allows for tailored medical regimens. We 
believe that frailty phenotypes can similarly identify a unique 
population with a significantly increased risk of exacerbation, 
hospitalization, and death in patients with stable COPD. The 
high prevalence and poor prognosis of frail patients with 
COPD can serve as a warning that our traditional disease- 
oriented medical model may be unable to meet the complex 
clinical needs of elderly patients with COPD, such as those 
with comorbidity and disability. An in-depth understanding of 
the relationship between frailty and COPD, early identification 
of pre-frail and frail patients with COPD, and timely interven-
tion may provide a new perspective and clinical practice basis 
for improving the clinical prognosis of these patients and 
improving their quality of life.

Limitations
This study has some limitations. (1) This study was con-
ducted in a single-center, with a small population and few 
end-point events, which reduces the generalizability of the 
findings. (2) Study participants included patients with stable 
COPD but not those with AECOPD, which limits the overall 
adaptability to the COPD population. (3) Physical activity 
determined for a frailty classification was self-reported. 
Failure to use electronic equipment to collect the physical 
activity of patients may be at risk of misclassification.

Conclusion
The results of this longitudinal cohort study indicated a high 
prevalence of frailty in elderly patients with stable COPD. 
Frailty significantly increased the incidence of acute 

Figure 2 Comparison of unadjusted and adjusted survival curves of patients age ≥ 
65 years with stable COPD stratified according to frailty (Fried phenotype score 
≥ 3). (A) Unadjusted Kaplan–Meier curve. (B) Survival curves adjusted by age, 
gender, CCI, medication, GOLD severity, moderate-to-severe exacerbation history, 
and CAT. Frail patients had a higher mortality.
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exacerbation and hospitalization, as well as increased mortal-
ity in elderly patients with stable COPD.

Abbreviations
COPD, Chronic Obstructive Pulmonary Disease; AECOPD, 
acute exacerbations of COPD; IRR, incidence rate ratio; aHR, 
adjusted hazard ratios; CI, confidence intervals; FEV1, forced 
expiratory volume in 1 second; GOLD, Global Initiative for 
COPD; FVC, forced vital capacity; BMI, body mass index; 
CAT, COPD Assessment Test; mMRC, modified Medical 
Research Council; FFP, Fried frailty phenotype; CCI, Charlson 
comorbidity index; MNA-SF, Mini Nutritional Assessment- 
Short Form; ADL, Katz Activities of Daily Living; IADL, 
Lawton Instrumental Activities of Daily Living; SD, standard 
deviation; IQR, interquartile range; BD, bronchodilator; ICS, 
inhaled corticosteroids; LABA, long-acting beta-agonists; 
LAMA, long-acting muscarinic antagonists.
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