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Background: Chronic obstructive pulmonary disease (COPD) has been frequently associated with frailty. The association between 
frailty and mortality in patients with COPD has not yet been fully elucidated and it remains controversial whether frailty or airflow 
limitation is more important in predicting mortality.
Methods: A total of 141 subjects with stable COPD completed pulmonary function tests and the Kihon Checklist at baseline between 
2015 and 2022 and were followed for a maximum of 95 months. Using the Kihon Checklist Total score, we classified patients’ frailty 
status as robust (0–3), pre-frail (4–7), and frail (8–25).
Results: At baseline, there were 67 (47.5%) in the robust group, 36 (25.5%) pre-frail, and 38 (27.0%) frail. Death was confirmed in 29 
(20.5%). Univariate Cox proportional hazards analyses revealed that all predictive relationships of frailty and airflow limitation with 
mortality were statistically significant, and the C-index was similar, ranging from 0.63 to 0.66. According to the Log rank test and the 
Cox regression model, there was a significant difference between the frail and robust groups, (p=0.004 and p=0.005, respectively). No 
significant differences were found in either comparison with the pre-frail group. When stratification of frailty and FEV1 as well as sex 
were included as explanatory variables, multivariate Cox regression analysis showed a significant difference between the robust and 
frail groups with respect to mortality when the robust group was used as the reference (p=0.024). The robust and pre-frail groups did 
not differ significantly (p=0.163).
Conclusion: The mortality of frail COPD patients is higher than those classed as robust. Despite frailty being a substantial mortality 
predictor, it is uncertain whether or not it is a better predictor than FEV1.
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Introduction
Chronic obstructive pulmonary disease (COPD) has been linked with frailty, which is widely considered to be a major 
manifestation of ageing. Consequently, COPD may be thought of as a state of ageing at an accelerated rate. Patients with 
COPD and frailty have been found to have an increased risk of experiencing acute exacerbations, requiring hospitaliza-
tion and readmissions after hospital discharge, and having impaired, health-related quality of life and exercise capacity. 
Nevertheless, the association between frailty and mortality in COPD patients has yet to be fully elucidated. It is uncertain 
whether frailty is a significant prognostic factor in this population, which is known to have a poor prognosis.

An Italian group reported the first long-term mortality study between COPD patients with and without frailty in 
2011.1 In their study, frailty was assessed as clinical frailty according to the Frailty Staging System. Survival at 12 years 
was compared in COPD patients with and without frailty and it was concluded that there was a significant difference. 
This was followed in 2019 by the results of a post hoc analysis of data from the National Emphysema Treatment Trial, 
a large multicenter clinical trial conducted by the National Heart, Lung and Blood Institute in the United States.2 

Participants in this trial with frailty had an adjusted hazard ratio (HR) of 1.4 (p=0.07) compared to participants with pre- 
frailty or no frailty, indicating a non-significant difference between the groups. A group from Beijing published two 
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similar research papers indicating that the risk of all-cause mortality was higher in frail patients with COPD than in non- 
frail patients,3,4 and that severity of the Global Initiative for Chronic Obstructive Lung Disease (GOLD) was corrected 
for, but the forced expiratory volume in one second (FEV1) itself was not included in their studies. Scarlata et al also 
reported that the frailty index was significantly associated with lung function and severity of COPD, but not with 
mortality.5 Using data from the UK Biobank, Hanlon et al reported that the frailty phenotype (frail vs robust) was 
significantly associated with mortality and these relationships were similar before and after adjustment for FEV1.6 

A recent multivariate Cox regression analysis by Brighton et al revealed that frailty measured using the Fried Frailty 
Phenotype (FFP) measure remained a significant independent predictor of survival, while frailty measured using the 
Short Physical Performance Battery did not.7

This study investigated whether COPD patients with frailty are more likely to die than COPD patients without frailty. 
It was also intended to determine if airflow limitation or frailty was a better indicator of mortality, as FEV1 has 
traditionally been regarded as the most powerful predictor of mortality in COPD patients.

Materials and Methods
A total of 141 patients (130 males) with stable COPD from the outpatient clinic of the Department of Respiratory 
Medicine of the National Center for Geriatrics and Gerontology participated in the present study as part of 
a previously reported hospital-based cohort study.8 The research was approved by the National Center for 
Geriatrics and Gerontology Institute’s Ethics Committee (No. 1138–3). The present study complies with the 
Declaration of Helsinki and prior written informed consent was obtained from all participants. Inclusion criteria 
were age >50 years, smoking history >10 pack-years, post-bronchodilator FEV1/FVC ratio of less than 0.7, no 
abnormal shadows on chest radiographs, no active lung disease, no uncontrolled comorbidities, and no changes in 
treatment regimen in the preceding four weeks. Exclusion criteria were history of asthma and exacerbation of 
COPD in the previous three months. They completed pulmonary function tests and the Kihon Checklist at baseline 
on the same day between February 2015 and February 2022 and were followed until January 2023 for a maximum 
of 95 months. All subjects underwent spirometry more than 60 minutes after inhalation of long-acting broncho-
dilators. Survival of all enrolled subjects was assessed through mid-January 2023. For subjects who did not attend 
an outpatient clinic, telephone or postal contact with families or primary health professionals were used to obtain 
information on mortality. The period from enrolment to the last participation or event was recorded for analysis. 
The Kihon Checklist is a self-administered questionnaire consisting of 25 items that are yes/no questions. The 
Kihon Checklist Total score ranges from 0 (no frailty) to 25 (severe frailty), and we classified patients’ frailty 
status as robust (0–3), pre-frail (4–7), and frail (8–25), as previously reported.8,9

Univariate and multivariate Cox proportional hazards analyses were performed to investigate the relationships 
between measurements at baseline and subsequent events. Results of the regression analyses are presented as an HR 
with the corresponding 95% confidence intervals (CI). The C-index of an event prediction model is the property of 
correctly discriminating between event and non-event-onset individuals, and is often used when comparing different 
measures, ie, when comparing different models. The closer the value of the C index is to 1.0, the better the risk 
prediction. Kaplan-Meier curves and Log rank tests were also used for these time-to-event endpoints. A p-value of less 
than 0.05 was considered statistically significant. All results are expressed as mean ± standard deviation (SD).

Results
In the present analysis, 141 subjects (130 males) were included (Table 1). The stages of COPD as defined by airflow 
limitation were GOLD I in 43 (30.5%), GOLD II in 74 (52.5%), GOLD III in 19 (13.5%) and GOLD IV in 5 (3.5%). The 
number of patients with relatively severe illnesses was low. Baseline screening for frailty using the Kihon Checklist Total 
score showed that 67 (47.5%) were in the robust group, 36 (25.5%) were pre-frail and 38 (27.0%) were frail. They were 
observed for up to 95 months, with a mean observation of 54.5 (±27.4) months, and a median of 54 months. Death was 
confirmed in 29 (20.5%) of the 141 study participants.

Compared to robust patients, the HR of mortality in patients classed as frail was statistically significant 
according to the univariate Cox proportional hazards model. Furthermore, all predictive relationships with 
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mortality were found to be statistically significant, and the C-index was similar, ranging from 0.63 to 0.66 
(Table 2). Survival in the frail, pre-frail and robust groups was then analyzed using the Kaplan-Meier method, the 
results of which are shown in Figure 1. According to the Log rank test and the Cox regression model, there was 
a significant difference between the frail and robust groups, (p=0.004 and p=0.005, respectively). No significant 
differences were found in either comparison with the pre-frail group (Log rank test, robust vs pre-frail, p=0.061 
and pre-frail vs frail, p=0.304). Multivariate regression analysis was then performed to examine the associations 
of frailty and airflow limitation with mortality (Table 2). When stratification of frailty, sex and FEV1 were 
included as explanatory variables, there was a significant difference between the robust and frail groups with 
respect to mortality when the robust group was used as the reference (p=0.024). There was no significant 

Table 1 Patient Characteristics at Baseline in 141 Subjects 
with COPD

mean±SD

Age Years 75.2±6.7

BMI kg/m2 22.8±3.3

Cumulative Smoking Pack-years 59.1±32.0
FEV1 Liters 1.74±0.54

FEV1 %pred 69.8±20.1

FEV1/FVC % 56.0±10.7
RV/TLC % 45.0±11.2

DLcoa mL/min/mmHg 11.99±5.04
PaO2

b mmHg 79.2±9.0

CAT score (0–40) 8.6±7.0

Sex M / F 130 / 11
GOLD stage I/II/III+IV 43 / 74 / 24

Notes: an=140, bone patient receiving oxygen. The number in a parenthesis 
means possible score range. 
Abbreviations: CAT, the COPD Assessment Test; GOLD, Global Initiative 
for Chronic Obstructive Lung Disease.

Table 2 Univariate and Multivariate Cox Proportional Hazards Analyses on the Relationship Between 
Baseline Measurements and Mortality

Univariate Cox Proportional Hazards Analyses Hazard Ratio (95% CI) p value C-index

FEV1 (Liters) 0.393 (0.194–0.796) 0.010 0.644

Kihon Checklist Total Score (0 to 25) 1.121 (1.049–1.197) 0.001 0.655

Stratification
GOLD stage defined by airflow limitation (Ref. GOLD I) 0.637

GOLD II 2.658 (0.887–7.961) 0.081

GOLD III+GOLD IV 4.222 (1.298–13.733) 0.017
Frail (Ref. Robust) 0.636

Pre-frail 2.380 (0.939–6.035) 0.068

Frail 3.674 (1.468–9.196) 0.005

Multivariate Cox proportional hazards analyses

FEV1 (Liters) 0.470 (0.225–0.980) 0.044

Frail (Ref. Robust)

Pre-frail 1.974 (0.760–5.127) 0.163
Frail 2.967 (1.157–7.609) 0.024

Abbreviations: COPD, chronic obstructive pulmonary disease; HR, hazard ratio; GOLD, Global Initiative for Chronic Obstructive Lung 
Disease; FEV1, forced expiratory volume in one second; FFP, Fried Frailty Phenotype; CI, confidence intervals; SD, standard deviation.
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difference between the robust and pre-frail groups (p=0.163). Multivariate Cox regression analysis showed that 
frail subjects had a significantly higher risk of death compared to robust patients, and that higher values of FEV1 

showed a decreased risk of death.

Discussion
This study compared the mortality of frail and non-frail COPD patients and also evaluated whether airflow limitation or frailty 
is a better predictor of mortality. Results from multivariate Cox proportional hazards analyses revealed that mortality in COPD 
patients with frailty was higher than those classed as robust. However, no significant differences were observed when 
comparing robust patients to those who were pre-frail, or pre-frail to frail. These findings may be considered a narrow result 
since frail COPD patients only have a worse prognosis when compared to those classed as robust. Although dyspnea, exercise 
capacity, and daily physical activity have been reported to be the most important prognostic indicators of COPD in the 21st 
century, it is widely accepted that FEV1 is the most important and convenient prognostic indicator for COPD, both historically 
and in daily practice.10 This is also supported by the findings of the present study. Although frailty was found to be an 
important mortality predictor, it is uncertain whether or not it is a better predictor than FEV1.

Generically, it is not easy to compare the prognostic ability of different indices, but the C-index may be the most 
reasonable one to compare in univariate Cox proportional hazards analyses. The C-index of frailty and the Kihon 
Checklist Total score were comparable to those of FEV1 as well as the disease stage of airflow limitation according to the 
GOLD document when evaluated with univariate Cox proportional hazards analyses. This suggests that frailty and the 
Kihon Checklist Total score have a similar predictive capacity of mortality to FEV1 as well as GOLD stage.

The findings of some prior studies on the mortality in COPD patients with frailty versus those without frailty reveal poorer 
outcomes in the former.1,3,4,6,7 However, it is essential to use a statistically sound approach to determine which factors have the 
highest predictive power since many measurements at baseline are highly correlated. Unfortunately, they were statistically 
analyzed in some studies without the correction of the baseline FEV1 although the GOLD stage based on airflow limitation is often 

Figure 1 Kaplan–Meier survival curves based on three strata (frail, pre-frail and robust) defined by Kihon Checklist Total score.
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adjusted for, and it could be argued that this lacks scientific validity. Many studies have reported on the prognostic value of frailty 
in the general population, but our aim was to identify important prognostic factors in clinical practice for patients with COPD.

Attention has been paid to the distinction between definitions of frailty in the literature. This is because researchers in this 
field have hypothesized that the way frailty is defined could have an impact on whether or not it is a predictor of mortality.4,6,7 In 
four studies that used the classic approach to defining frailty, called the FFP, all concluded that frailty was a significant predictor 
of mortality.3,4,6,7 Conversely, some studies that used alternative methods of diagnosing frailty did not find it to be a predictor of 
mortality, although the number of series does not match the number of articles because some of the studies examined the same 
subject with several different methods of diagnosing frailty and compared the results.1,2,4–7 This study also uses the Kihon 
Checklist, an alternative method of diagnosing frailty that is only used in Japan.8,9 This should be a major limitation of this study 
since there is little evidence of the Kihon Checklist being validated in the general population. However, the results were positive.

It should be stated that one of the other limitations is that this single-center study was limited by the number of patients with 
COPD. Secondly, co-morbidities and frequency of COPD exacerbations prior to the study were not recorded at baseline. Thirdly, 
because our study included predominantly men, generalizing these results to women with COPD may be unwarranted. However, 
as the number of women with COPD in Japan is quite low, the study reflects the reality of clinical COPD in our population.

Conclusion
Our multivariate Cox proportional hazards analysis demonstrated that frail COPD patients had a higher mortality rate 
than those classed as robust. Nonetheless, no significant differences were noticed when comparing robust patients to 
those who were pre-frail, or pre-frail to frail. Despite frailty being a substantial mortality predictor, it is uncertain whether 
or not it is a better predictor than FEV1.
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