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Purpose: Assessment for frailty is important as it enables timely intervention to prevent or delay poor prognosis in chronic 
obstructive pulmonary disease (COPD). The aims of this study, in a sample of outpatients with COPD, were to (i) assess the 
prevalence of physical frailty using the Japanese version of the Cardiovascular Health Study (J-CHS) criteria and the Short Physical 
Performance Battery (SPPB) and the degree of agreement between the findings of the two assessments and (ii) identify factors 
associated with the disparity in the results obtained with these instruments.
Patients and Methods: This was a multicenter cross-sectional study of individuals with stable COPD enrolled in four institutions. 
Frailty was assessed using the J-CHS criteria and the SPPB. Weighted Cohen’s kappa (k) statistic was performed to investigate the 
magnitude of agreement between the instruments. We divided participants into two groups depending on whether there was agreement or 
non-agreement between the results of the two frailty assessments. The two groups were then compared with respect to their clinical data.
Results: A total of 103 participants (81 male) were included in the analysis. The median age and FEV1 (%predicted) were 77 years 
and 62%, respectively. The prevalence of frailty and pre-frail was 21% and 56% with the J-CHS criteria and 10% and 17% with the 
SPPB. The degree of agreement was fair (k = 0.36 [95% CI: 0.22–0.50], P<0.001). There were no significant differences in the clinical 
characteristics between the agreement group (n = 44) and the non-agreement group (n = 59).
Conclusion: We showed that the degree of agreement was fair with the J-CHS criteria detecting a higher prevalence than the SPPB. 
Our findings suggest that the J-CHS criteria may be useful in people with COPD with the aim of providing interventions to reverse 
frailty in the early stages.
Keywords: cardiovascular health study, Short Physical Performance Battery, chronic lung disease, physical function

Plain Language Summary
Illness and age-related physical function decline increase risk of mortality or hospitalization. Detecting and intervening the low 
physical function in the early stages are important for health promotion. This study compared the prevalence of low physical function 
using two major assessments, Japanese version of the Cardiovascular Health Study (J-CHS) criteria and the Short Physical 
Performance Battery (SPPB), in individuals with COPD that is one of the chronic lung disease. Our findings showed that the 
J-CHS criteria detected higher prevalence of low physical function than SPPB. Therefore, we suggest that the J-CHS criteria may be 
useful in people with COPD with the aim of providing interventions to reverse low physical function in the early stages.
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Introduction
The prevalence of chronic obstructive pulmonary disease (COPD) is projected to increase over the coming decades due 
to continued exposure to risk factors such as tobacco smoking and aging of the world’s population.1 COPD and age- 
related decline precipitates frailty, defined as a state of increased vulnerability from age-associated decline in reserve and 
function, resulting in reduced ability to cope with daily or acute stressors.2 A previous study showed the prevalence of 
frailty to be as high as 19% in people with COPD.3 Those with COPD who are frail have increased mortality, 
hospitalization and worse health-related quality of life (HRQoL) when compared to individuals with COPD who are 
not frail.4 Frailty is a reversible condition and is improved by pulmonary rehabilitation (PR); however, frailty is 
associated with high rates of non-completion of PR.5 Assessment for frailty has attracted increasing attention in people 
with chronic lung disease and early recognition is important as it enables timely intervention to prevent or delay 
functional deterioration, institutionalization, disability, and death.2,6

Although there are many instruments available to assess frailty, including the physical, psychological and social aspects, as 
yet the gold standard method is unknown.7 In this paper, we focused on two instruments that assess physical frailty in 
outpatients: namely the Cardiovascular Health Study (CHS) criteria and the Short Physical Performance Battery (SPPB).8,9 

The CHS criteria is the most frequently used instrument to evaluate physical frailty in older people and in those with 
COPD.2,7,10 Moreover of relevance to the present study, Satake et al11 developed a Japanese version (the J-CHS criteria). The 
SPPB is used to assess frailty in older people and as an assessment of physical function in people with COPD.12,13 Both 
instruments are simple to use, valid and reliable.14–16 The use of instruments that are more sensitive at detecting frailty may 
contribute to intervention at an earlier stage. However, there are few reports comparing frailty prevalence rates obtained using 
different instruments and the optimal instrument for assessment of physical frailty in individuals with COPD is unknown.

The aims of this study, in a sample of outpatients with COPD, were to (i) assess the prevalence of physical frailty 
using the J-CHS criteria and the SPPB, and the degree of agreement between the findings of the two assessments and (ii) 
identify factors associated with the disparity in the results obtained with these instruments.

Materials and Methods
Study Design
This was a multicenter, cross-sectional, observational study.

Participants
Individuals with stable COPD, defined as the absence of an exacerbation in the previous 4 weeks, who were receiving PR 
at any of four Japanese institutes (Nagasaki Pulmonary Rehabilitation Clinic, Tagami Hospital, Kirigaoka Tsuda 
Hospital, Utsunomiya Medical Clinic) between September 2018 and September 2019 were considered for inclusion in 
this study. People were excluded if they had comorbid conditions that affected exercise performance such as muscu-
loskeletal, neurological or cognitive impairment. The study was approved by the Ethics Review Committee of Nagasaki 
University Graduate School of Biomedical Sciences (approval number: 18080901–2), and complies with the Declaration 
of Helsinki. Individuals gave written informed consent prior to participation.

Assessment
Assessments were undertaken within one visit during the PR program. We collected data on COPD exacerbations 
requiring hospitalization within the past year, from interviews with the participants and from the medical notes. 
Spirometry and static lung volumes were measured according to international guidelines.17 COPD severity was 
determined based on the Global Initiative for Chronic Obstructive Lung Disease (GOLD).18 We assessed dyspnea 
using the modified Medical Research Council (mMRC) dyspnea scale,19 and HRQoL was evaluated using the Japanese 
version of the COPD Assessment Test (CAT).20 Falls history was obtained by asking participants “Have you ever fallen 
within the past year?”.21 A fall was defined as an unexpected event in which the participant comes to rest on the ground, 
floor, or other lower level. Additionally, we used the Hospital Anxiety and Depression Scale (HADS) to assess anxiety 
and depression.22
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Physical Frailty
Frailty was assessed using the J-CHS criteria and the SPPB. The former comprises five characteristics that reduce 
physiological reserve and precipitate a vulnerable state: unintentional weight loss of 2 kg or more in the past 6 months, 
self-reported exhaustion, low activity evaluated by interview, weakness (handgrip strength [<28 kg in men or <18 kg in 
women]), and slowness (gait speed <1.0 m/s). Each of these criteria score 1 point, providing a total score ranging from 0– 
5. Handgrip strength was measured in kilograms using a Smedley-type handheld dynamometer (GRIP-D; Takei Ltd, 
Niigata, Japan). The participant sat with the wrist in a neutral position and the elbow flexed to 90 degrees. Handgrip 
strength was measured twice on each hand, and the highest value was used in the analysis.23 Gait speed was measured 
with the 4m usual walk test, in which the participant was asked to walk at their usual pace for 5m, of which the first 4m 
was timed. The participant was permitted to use walking aids if usually used. The test was completed twice with the 
faster speed used in the analysis. Scores obtained using the J-CHS criteria were used to define frail; 3 or more points: pre- 
frail; 1–2 points, and robust; 0 points.11

The SPPB evaluates lower limb function and mobility based on three tests: static balance (standing postures with legs 
closed, semi tandem, tandem for up to 10 seconds for each posture), 4m usual gait speed (4MGS), and time taken to 
perform five sit to stands (5STS) without upper extremity assistance.9 Performance on each test is scored from 0 to 4 
(total score of 12) with a higher score indicating better function. The cut-off points for frailty with the SPPB are: frail; 0– 
6: pre-frail; 7–9: robust; 10–12.24

Statistical Analysis
Weighted Cohen’s kappa coefficient (k) and calculation of 95% confidence intervals were performed to investigate the 
magnitude of agreement between the two frailty assessments. Interpretation of kappa values was based on Viera and 
Garrett25 (k<0: less than chance agreement, 0.01–0.20: slight agreement, 0.21–0.40: fair agreement, 0.41–0.60: moderate 
agreement, 0.61–0.80: substantial agreement, 0.81–0.99: almost perfect agreement). The clinical characteristics from 
participants were compared between frail and pre-frail or robust for each of the J-CHS criteria and the SPPB. We divided 
participants into two groups depending on whether there was agreement or non-agreement between the results of the 
J-CHS criteria and the SPPB (eg, participants were assigned to the non-agreement group if the J-CHS criteria identified 
them as frail; however, from the SPPB, they were identified as being either pre-frail or robust). The two groups were then 
compared with respect to their clinical data using the Mann–Whitney U-test for continuous variables and chi-square test 
for categorical variables. All analyses were performed using IBM SPSS Statistics V.25.0, and a P value of less than 0.05 
was considered to indicate statistical significance. Data are presented as the median [interquartile range: IQR] for 
continuous variables and percentages for categorical variables.

Results
Characteristics of the Participants
In total, 113 individuals were screened of which 3 declined to participate. Of the 110 COPD participants recruited to the 
study, 7 had incomplete data thus data from 103 participants were included in the analysis (Figure 1). Table 1 shows the 
characteristics of the participants. The median age was 77 years, and the majority (79%) of participants were male, of 

Figure 1 Flow diagram.
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normal body weight, had mild or moderate airflow limitation and 27% had been hospitalized for an exacerbation in the 
previous year. The median CAT score was 11 indicating poor health status, and 17 participants (17%) had experienced 
a fall in the past year. A small percentage (8.7%) of participants had depression or anxiety.

Agreement Between J-CHS and SPPB
Table 2 shows the prevalence of frailty and degree of agreement between the J-CHS criteria and the SPPB. The prevalence of 
frailty and pre-frail was 21% and 56% with the J-CHS criteria, and 10% and 17% with the SPPB. The degree of agreement 
between the two methods of assessment was fair (k=0.36 [95% CI: 0.22–0.50], P<0.001). The frailty characteristics of the 
participants are shown in Table 3. Using the J-CHS criteria the numbers of participants reporting exhaustion and low activity 
were 30 (29%) and 33 (32%) respectively. Thirty-eight (37%) participants achieved the total possible score on the SPPB 
indicating full function. Table 4 shows the clinical characteristics of those characterized as frail, pre-frail or robust for each of 
the J-CHS criteria and the SPPB. Participants characterized as frail using either the J-CHS criteria or the SPPB had worse 
dyspnea, poorer HRQoL and a higher prevalence of falls; however, age, BMI, and severity of airflow limitation were not 
different compared with those characterized as pre-frail or robust. Moreover, frail participants, identified using the J-CHS 
criteria, had a high prevalence of history of COPD exacerbations and higher levels of anxiety or depression.

Factors Associated with the Disparity Between J-CHS and SPPB
Comparison of clinical characteristics between the participants assigned to the agreement group (n = 44) and the non- 
agreement group (n = 59) are shown in Table 5. There were no significant differences found.

Table 1 Characteristics of the Participants

n=103

Age, years 77 [71–83]
Male 81 (79)

BMI, kg/m2 22.4 [19.9–24.6]

Smoking history, current /ex/never 4 / 82 / 17
Smoking, pack-years 40 [20–71]

History of COPD exacerbation 28 (27)

FEV1, %predicted 62 [35–76]
GOLD, I/I/III/IV 22 / 43 / 20 / 18

mMRC, 0/1/2/3/4 29 / 23 / 27 / 16 / 8
CAT 11 [7–18]

Falls history 17 (17)

HADS anxiety 3 [1–7]
HADS depression 6 [3–9]

Note: Data are presented as median [interquartile range] or number (%). 
Abbreviations: BMI, body mass index; CAT, COPD assessment test; FEV1, forced expiratory 
volume in one second; FVC, forced vital capacity; GOLD, Global Initiative for Chronic 
Obstructive Lung Disease; HADS, Hospital Anxiety and Depression Scale; mMRC, modified 
Medical Research Council dyspnea scale.

Table 2 Agreement Between J-CHS Criteria and SPPB

SPPB Totala

Frail Pre-Frail Robust

J-CHS criteria Frail 9 5 8 22

Pre-frail 1 12 45 58
Robust 0 0 23 23

Totalb 10 17 76 103

Notes: k=0.36 [95% CI: 0.22–0.50], P<0.001. aTotal: the number of frail, pre-frail, and robust participants with J-CHS criteria, bTotal: the 
number of frail, pre-frail, and robust with SPPB. 
Abbreviations: J-CHS, the revised Japanese version of the Cardiovascular Health Study; SPPB, Short Physical Performance Battery.
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Discussion
In the current study, we showed that; (i) the degree of agreement between the assessment of frailty obtained using the 
J-CHS criteria and SPPB was fair in people with COPD and (ii) no clinical factors were associated with the disparity in 
the results obtained between these instruments. To our knowledge, this is the first multicenter, cross-sectional, observa-
tional study to report the degree of agreement and investigate factors associated with the disparity between the J-CHS 
criteria and SPPB as instruments to assess frailty in people with COPD.

A systematic review3 found the estimates for the prevalence of frailty and pre-frail to be 19% (95% CI: 14% to 24%) 
and 56% (95% CI: 52% to 60%) among people with COPD. Studies included in this review almost exclusively used the 
CHS criteria to assess frailty. Consistent with this review, we found a similar prevalence for frailty and pre-frail assessed 

Table 3 Frailty Characteristics of the Participants

n=103

J-CHS criteria
Weight loss 14 (14)

Exhaustion 30 (29)

Low activity 33 (32)
Weakness 26 (25)

Slowness 52 (51)

SPPB
Total 11 [9–12]

Balance 4 [3–4]
4MGS 4 [3–4]

5STS 4 [2–4]

4MGS, m/s 0.94 [1.16–0.78]
5STS, s 10.3 [8.6–13.3]

Note: Data are presented as median [interquartile range] scores (SPPB 
data) or number (%). 
Abbreviations: J-CHS, the revised Japanese of the Cardiovascular 
Health Study; SPPB, Short Physical Performance Battery; 4MGS, 4m 
usual gait speed; 5STS, 5 sit to stands.

Table 4 Comparison of Clinical Characteristics Between Frail and Pre-Frail or Robust for Each of the J-CHS Criteria and the SPPB

J-CHS Criteria SPPB

Frail, n=22 Pre-Frail or Robust, n=81 P Frail, n=10 Pre-Frail or Robust, n=93 P

Age, years 79 [73–85] 77 [70–83] 0.23 82 [74–86] 77 [70–83] 0.17

Male 16 (73) 65 (80) 0.44 6 (60) 75 (81) 0.13

BMI, kg/m2 21.2 [18.9–24.3] 22.4 [20.0–24.9] 0.34 23.5 [21.1–24.4] 21.9 [19.6–24.6] 0.34

Smoking history, current/ex/never 1/17/4 3/65/13 0.95 2/8/0 15/74/4 0.77

Smoking, pack-years 37 [0–55] 40 [21–75] 0.39 47 [11–78] 40 [20–71] 0.80

History of COPD exacerbation 12 (55) 16 (20) <0.01 5 (50) 23 (25) 0.08

FEV1, %predicted 53 [32–69] 65 [40–78] 0.12 64 [47–77] 62 [34–76] 0.66

GOLD, I/II/III/IV 3/9/5/5 19/34/15/13 0.70 2/6/1/1 20/37/19/17 0.62

mMRC, 0/1/2/3/4 2/3/6/7/4 27/20/21/9/4 0.01 0/1/3/4/2 29/22/24/12/6 0.03

CAT 15 [8–22] 10 [7–16] 0.02 16 [13–22] 10 [7–17] 0.01

Falls history 8 (36) 9 (11) <0.01 6 (60) 11 (12) <0.01

HADS anxiety 5 [3–10] 3 [1–6] 0.01 5 [3–10] 3 [1–6] 0.12

HADS depression 8 [3–10] 6 [3–8] 0.04 8 [5–12] 6 [3–9] 0.10

Note: Data are presented as median [interquartile range] or number (%). 
Abbreviations: BMI, body mass index; CAT, COPD assessment test; FEV1, forced expiratory volume in one second; FVC, forced vital capacity; GOLD, Global Initiative for 
Chronic Obstructive Lung Disease; HADS, Hospital Anxiety and depression scale; J-CHS, the revised Japanese of the Cardiovascular Health Study; mMRC, modified Medical 
Research Council dyspnea scale; SPPB, Short Physical Performance Battery.
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using the J-CHS criteria; however, the rates were lower when frailty was assessed using the SPPB. Our findings are not 
consistent with a study undertaken in COPD participants from community respiratory and pulmonary rehabilitation 
assessment clinics that reported moderate agreement (frail: k = 0.46) between the CHS criteria and the SPPB.26 The other 
previous study undertaken in a sample from a geriatric outpatient clinic that reported the degree of agreement with pre- 
frail was lower compared with frail [pre-frail: fair (k = 0.27), frail: moderate (k = 0.48)] between the CHS criteria and the 
SPPB.27 Therefore, our findings may have been influenced by the definition of frailty divided into frailty and pre-frailty 
in our study.

Frail participants, identified using the two frailty assessments, had worse dyspnea and HRQoL, and a higher falls 
history. Moreover, participants assessed as frail using the J-CHS criteria but not the SPPB showed a high prevalence of 
history of COPD exacerbations and higher levels of anxiety or depression. This finding is consistent with other studies in 
those with COPD or in elderly people that showed frailty was associated with higher levels of anxiety or depression 
(HADS), as well as a higher prevalence of COPD exacerbations and falls, greater dyspnea and worse HRQoL (mMRC 
dyspnea scale, St. George’s Respiratory Questionnaire, Medical Outcomes Survey Short Form-36).4,8,26,28 The presence 
of anxiety or depression may impact subjective measurements in the J-CHS criteria such as the reporting of exhaustion.26 

History of COPD exacerbations may have influenced unintentional weight loss or low activity in the J-CHS criteria 
which are characteristics of prior physical performance.

We did not find any clinical factors such as participant demographics or pulmonary function associated with the 
disparity between results of frailty using the J-CHS criteria and the SPPB. Whilst many of our participants reported 
weight loss, low activity and exhaustion (J-CHS criteria), their physical performance was well preserved when assessed 
using the SPPB. With the exception of the frailty characteristic of exhaustion, the prevalence of malnutrition and low 
activity in our sample was similar to previous studies, and both are important characteristics of frailty together with gait 
speed in people with COPD.2,5,29,30 The CHS criteria reflect the pathophysiology of frailty caused by several factors in 
COPD and include a mixture of both subjective self-reported and objective measures.2 Whereas, the SPPB provides only 
an objective assessment of physical performance that includes balance, 4MGS and 5STS. A likely explanation for the 
disparity in the results for frailty between the two instruments is the different components of each assessment. Our 
findings are consistent with a previous study which showed that disparity in the results for frailty between the CHS 
criteria and SPPB in participants with COPD may have arisen particularly from the weight loss and exhaustion 
components of the CHS criteria.26

Table 5 Comparison of Clinical Characteristics Between the Agreement Group and the Non- 
Agreement Group

Agreement (n=44) Non-Agreement (n=59) P

Age, years 76 [70–83] 78 [73–84] 0.13

Male 36 (82) 45 (76) 0.49

BMI, kg/m2 22.5 [19.7–25.1] 22.0 [19.9–24.5] 0.52
Smoking history, current/ex/never 6/36/2 11/46/2 0.77

Smoking, pack-years 50 [21–78] 40 [10–59] 0.15

History of COPD exacerbation 10 (23) 18 (31) 0.38
FEV1, %predicted 62 [35–76] 64 [35–81] 0.72

GOLD, I / II / III / IV 6/20/11/7 16/23/9/11 0.29
mMRC, 0 / 1 / 2 / 3 / 4 9/11/15/6/3 20/12/12/10/5 0.41

CAT 13 [7–17] 10 [7–19] 0.57

Falls history 9 (21) 8 (14) 0.35
HADS anxiety 3 [1–6] 3 [1–7] 0.85

HADS depression 6 [3–9] 6 [3–9] 0.70

Note: Data are presented as median [interquartile range] or number (%). 
Abbreviations: BMI, body mass index; CAT, COPD assessment test; FEV1, forced expiratory volume in one second; FVC, forced 
vital capacity; GOLD, Global Initiative for Chronic Obstructive Lung Disease; HADS, Hospital Anxiety and Depression Scale; 
mMRC, modified Medical Research Council dyspnea scale.
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This is the first study to report the degree of agreement between the J-CHS criteria and the SPPB, instruments that are 
simple to use, and produce valid and reliable results in people with COPD.14–16 Our results showed the J-CHS criteria 
was more sensitive to assess frailty than the SPPB in our sample. A previous study suggested that use of the assessment 
that poor detection of frailty to screen for frailty may result in important missed opportunities to identify and provide 
early intervention such as PR.31 Based on these findings, we recommend using the J-CHS criteria to assess physical 
frailty over the SPPB in people with COPD as this may lead to better clinical outcomes as it would permit earlier 
intervention.

This study has several limitations. First, gait speed in the J-CHS criteria was measured from a static start in contrast to 
an earlier study14 in which gait speed was measured from a dynamic start with the participant walking 2 m before 
measurement commenced. The use of a static start is associated with a lower gait speed and thus may have contributed to 
the higher prevalence of frailty assessed using the J-CHS criteria.32 Second, the frailty instruments we used are restricted 
to the assessment of physical frailty and do not assess cognitive, psychological and social domains, deficits in these 
domains increase risk of adverse outcomes in older people.33 Finally, participants comprised people with COPD 
attending PR and thus may have had better physical function that a sample with similar COPD severity who have not 
undergone PR. Moreover, assessments may have been conducted at the immediately prior or after the PR program, not 
only during the PR program, and this may have had impact on the prevalence of frailty. However, PR is a comprehensive 
intervention that comprises exercise training, education, and behavior change.34 Thus, all components of the J-CHS and 
the SPPB may have been favorably affected by PR, and therefore may not have impacted significantly on the disparity in 
the findings obtained using two assessments. A strength of our study included the study setting, ie, multicenter and the 
recruitment of a sample with COPD that had a high prevalence of frailty and pre-frail. Therefore, our findings are 
representative of outpatients with stable COPD. Studies are required to assess frailty in acute settings such as in patients 
with COPD exacerbation as well as in those with stable COPD at an early stage of COPD.

Conclusion
In this study, we assessed the degree of agreement and factors associated with the disparity between J-CHS criteria and 
SPPB as instruments for assessing frailty in people with COPD. The degree of agreement was fair with the J-CHS criteria 
detecting a higher prevalence than the SPPB. Our findings suggest that the J-CHS criteria may be useful for assessing 
physical frailty in people with COPD with the aim of providing interventions to reverse frailty in the early stages.

Data Sharing Statement
Data used to support the findings of this study are included within the manuscript in Tables 1–4. Raw data are available 
from the corresponding author upon reasonable request.
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