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Background: The prevalence of physical frailty and its clinical characteristics in advanced
chronic obstructive pulmonary disease (COPD) is unknown, as well as the usefulness of
functional capacity tests to screen for physical frailty. The aim of the study was to evaluate
the proportion and clinical portrait of COPD patients with chronic respiratory failure
exhibiting physical frailty at the time of referral to home-based pulmonary rehabilitation.
We also evaluate the usefulness of the short physical performance battery (SPPB) and timedup and go (TUG) as potential screening tools for physical frailty. Finally, we evaluated the
specific contribution of gait speed to the frailty Fried total score.
Methods: This was a prospective observational study in which physical frailty was defined
using Fried criteria (body mass loss, exhaustion, low physical activity, slower walking and
weakness). Clinical portrait was documented from daily physical activity, exercise tolerance,
functional capacity, anxiety and depressive symptoms, health-related quality of life, and
fatigue scores. The ability of the SPPB and TUG to predict physical frailty was investigated
using receiver operating characteristic curves. Contribution of each Fried criteria was
evaluated with a principal component analysis (PCA).
Results: Amongst the 44 included participants (FEV1, 33 ± 13% of predicted), 19 were
physically frail. Frail individuals had lower daily steps number, exercise tolerance and
functional capacity, and higher fatigue, anxiety, and depressive symptom scores (p<0.05)
compared to non-frail individuals. SPPB and TUG did not have an acceptable detection
accuracy for screening physical frailty. PCA indicated that gait speed was the main con
tributor to the Fried total score of physical frailty.
Conclusion: Physical frailty affects a large proportion of COPD patients with chronic
respiratory failure starting a home-based intervention and was associated with worse clinical
status. Although the present results need to be confirmed by adequately powered studies, gait
speed seems to have the potential to become a simple screening tool for physical frailty in
this population.
Keywords: frailty, chronic respiratory failure, pulmonary rehabilitation, gait speed

Introduction

Correspondence: Didier Saey
Institut Universitaire de Cardiologie et de
Pneumologie de Québec, Université Laval,
2725 Chemin Sainte-Foy, Québec, QC,
G1V 4G5 Canada
Email Didier.saey@rea.ulaval.ca

In advanced chronic obstructive pulmonary disease (COPD), many patients develop
hypoxemic or hypercapnic chronic respiratory failure that require long-term oxygen
therapy (LTOT) and/or non-invasive ventilation (NIV).1 Health-related quality of
life (HRQoL), exercise capacity, muscle function, physical activity, mortality are all
compromised in COPD patients with chronic respiratory failure,2–4 possibly
increasing the risk of physical frailty compared to the less severe forms of the
disease.
International Journal of Chronic Obstructive Pulmonary Disease 2021:16 1381–1392
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Physical frailty is a clinical syndrome, first operationa
lized by Fried phenotypic model,5 that characterized indi
viduals with high vulnerability for physical dependency,
risk of falls, hospitalizations and death.6 Physical frailty
affects 20% of patients with moderate COPD7 and about
one-quarter of the patient referred to pulmonary rehabilita
tion (PR).8,9 Although physical frailty is associated with
old age, severe airflow obstruction, dyspnea and frequent
exacerbations,7,10 the prevalence of physical frailty in the
severe forms of COPD has never been documented. Since
physical frailty affects the engagement in PR and is asso
ciated with a twofold increase in the odds of program noncompletion partly due to the unpredictable health
condition,8,11 its early detection is important in order to
individualize the intervention using additional support and
flexible services.
The clinical manifestation of frailty syndrome is well
documented in older adults where it is associated with
muscle weakness, physical inactivity, disability, risk of
falls, malnutrition, and poor HRQoL.12–15 Several studies
also report that sarcopenia, muscle weakness and malnu
trition are highly prevalent in frail patients with COPD.9,16
However, the clinical impact of frailty on functional status,
physical activity level and HRQoL of patients with severe
COPD is also worth considering. Knowledge of the rela
tionships between physical frailty and these clinical fea
tures is important since they might be improved by
PR.17–19
The time needed for Fried phenotypic assessment
may restrict its use in clinical practice. Firstly developed
to assess the risk of mobility limitations, falls, and
disability in older adults, the short physical performance
battery (SPPB) and time-up and go (TUG) tests were
also used to detect frailty in older adults20–22 and pro
posed as convenient and simple alternatives to the Fried
phenotypic assessment. Furthermore, SPPB has shown
a reasonable construct validity for screening physical
frailty in adult lung transplant candidates in whom its
ability to predict post-transplant mortality may surpass
that of the Fried phenotypic model.23 Although vali
dated to characterize the functional status of patients
with COPD,24,25 the usefulness of SPPB and TUG to
predict physical frailty in COPD has yet to be
documented.
Walking is an important aspect of functional activity, as
reflected by the associations between slowness and higher
risk of disability, cognitive impairment, institutionaliza
tion, falls and mortality in older adults.26 Because of its
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clinical relevance, gait speed is one of the physical frailty
criteria, but its specific contribution to Fried total score is
unknown.
We first aimed to evaluate the proportion of COPD
patients with chronic respiratory failure starting a homebased PR program exhibiting physical frailty, and describe
the clinical portrait of frail individuals compared to their
non-frail counterparts. We specifically focused on the
potential relationship of frailty with physical activity
level, anxiety and depressive symptoms and HRQoL.
The second objective was to evaluate the usefulness of
SPPB and TUG as potential screening tools for physical
frailty. Finally, we evaluated the specific contribution of
gait speed to the frailty Fried total score.

Methods
Participants and Study Design
This prospective observational study was part of a larger
longitudinal study aimed at evaluating the long-term effec
tiveness of 8-week home-based PR on functional capaci
ties and physical frailty in COPD patients with chronic
respiratory failure. Participants were referred to the homebased PR by their pulmonologist who was in charge of
providing the clinical assessment and certifying the pre
sence of COPD according to the Global Initiative for
Chronic Obstructive Lung Disease (GOLD) classification
system. Participants were then contacted by the PR team to
set the first visit at home. Eligible patients were aged 40
years or above with a diagnosis of COPD as a main dis
ease, they had chronic respiratory failure, defined as the
requirement for either LTOT and/or NIV. Participants were
excluded if they had a poorly controlled psychiatric ill
ness, neurological sequelae, or any bone and joint diseases
preventing physical activity. All the patients included in
the larger longitudinal study who met the inclusion criteria
previously mentioned were included in the present
exploratory study.
The study was conducted in accordance with the
Declaration of Helsinki and was approved by the observa
tional research protocol evaluation committee of the
French Language Society of Pulmonology (CEPRO, num
ber: 2017–007). All participants signed a written informed
consent prior to the start of the program which included
their approval to use the collected data for research pur
poses. The research protocol of the present study included
two visits at home.
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Assessments
Lung function, assessed by spirometry according to stan
dard guidelines,27 medication and comorbidity data were
collected from the individual’s medical record provided by
the pulmonologist. The burden of comorbidity was
assessed using the Charlson Index calculated without
adjusting for age and without including COPD in the
individual’s score, as previously suggested.28 During the
initial home visit, anthropometrics, anxiety and depressive
symptoms, HRQoL, and fatigue data were collected.
The second home visit included evaluations of physical
frailty, exercise tolerance and functional capacity assessed
in a random order. Each measurement was interspersed
with a resting period ensuring that heart rate, pulse oxygen
saturation, and effort perception had returned their respec
tive baseline value before starting another measurement.
Seven days separated the two visits, during which daily
physical activity was measured with a tri-axial
accelerometer.

Physical Frailty
Physical frailty was defined using the Fried phenotype
model,5 including five criteria: unintentional body mass
loss history ≥4.5 kg, self-reported exhaustion, weekly
self-reported energy expenditure using the modified
Minnesota Leisure-Time Physical Activity Questionnaire
(low physical activity), 4-meter gait speed test (4MGS,
slowness) and handgrip dynamometry (weakness).
Patients with ≥3 criteria present were considered frail;
those with one or two criteria were defined pre-frail, and
those with no criteria were considered as robust.

Physical Activity
In addition to the Minnesota Questionnaire, daily physical
activity was objectively assessed using tri-axial Actigraph
GT9X accelerometer (Actigraph LLC, Pensacola, FL,
USA), previously validated and explicitly recommended
for patients with COPD.29,30 Participants were instructed
to wear the activity monitor on the right hip, during wak
ing hours and over seven consecutive days before the start
of the home-based intervention. Physical activity was
defined by i) the daily amount of time participant would
spend performing sedentary, light, moderate and moderate
to vigorous physical activity (MVPA), expressed in min
utes and percentage of total recording time and, ii) the
daily step number. PA measurement was considered valid
only if the patients had a wear-time of ≥10 h per day for at
least five of the seven measuring days.30 For valid
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measurements, all available measuring days with a weartime of ≥10 h were taken into account in the analysis.30

Exercise Tolerance
The 6-min stepper test (6MST) validated in COPD was
used to evaluate the exercise tolerance at home, as pre
viously described.31 Individuals were all familiarized with
the stepper prior to the test. Standardized instructions were
given, advising the participant to make the maximum
number of steps (defined as a single complete movement
of raising one foot and putting it down) possible over
a six-minute period. No encouragement was given during
the test.

Functional Capacity
Functional capacity was assessed with the SPPB and
TUG tests. SPPB is composed of a balance test,
4-meter gait speed (4MGS), and the 5-sit-to-stand repeti
tion test (5STS), which were performed according to the
National Institute on Aging protocol.32 The standing
balance test required participants to maintain each of
three stances for 10 seconds; feet placed side-by-side,
semi-tandem, and in tandem. The 4MGS measured the
time needed to walk 4 meters at a habitual pace. The
faster time of two trials was selected and reported in m/
s.33 The 5STS required participants to rise from a chair
with their arms across their chest, five times. The sum of
the three components (each subscore ranged from 0–4)
determined the final SPPB score, with a possible range
from 0 (functional impairment) to 12 (maximal func
tional capacity). TUG required the participant to rise
from a seated position, walk three meters as quickly
and as safely as possible, turn around, walk back, and
sit down in the shortest time possible as previously
described.34

Anxiety and Depressive Symptoms, HRQoL, and
Fatigue
The hospital anxiety and depression (HAD) scale com
posed of 14 items (7 for anxiety and 7 for depressive
symptoms; each subscore can vary from 0 to 21; lower
scores indicate fewer symptoms) was used to evaluate the
anxiety and depression symptoms.35 HRQoL was evalu
ated with the clinical COPD questionnaire (CCQ) which
consists of ten questions related to symptoms, mental state,
and functional state.36 The total score is between 0 and 6
(lower score indicates a greater HRQoL). Fatigue was
measured with the fatigue assessment scale (FAS) consist
ing of 10-item self-report questionnaire.37 The response
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scale is a 5-point Likert scale with a total score ranging
from 10 to 50 (lower score indicates fewer fatigue).

Data and Statistical Analysis
Proportion and Clinical Features of Physical Frailty
The proportion of individuals meeting the Fried definition
of physical frailty is reported as number (%). Comparisons
of baseline variables between frail and non-frail indivi
duals were performed using t-tests for the normally dis
tributed quantitative variables while non-parametric
Mann–Whitney tests were used for the non-normally dis
tributed variables. Univariate Pearson analyses were per
formed to evaluate the potential relationship of frailty
with, clinical characteristics (age, sex, BMI, forced expira
tory volume in 1 s [FEV1], number of exacerbations,
mMRC dyspnea scale, Charlson index, medication and
nutritional supplements), and study outcomes. Strength of
the correlations was categorized according to the correla
tion coefficient as weak (0 to 0.3), moderate (>0.4 to 0.6),
or strong (>0.7 to 0.9).38

Functional Capacity Tests to Detect Physical Frailty
Receiver operating characteristic (ROC) curves were cre
ated to analyze the sensitivity, specificity, area under the
curve (AUC) and the positive and negative likelihood ratio
(LR) of SPPB and TUG cutoff points to detect physical
frailty. An acceptable detection accuracy of the test was
defined by an AUC between 0.7 and 0.8, while the detec
tion accuracy of the test was excellent when the AUC >
0.8.39 The odds ratios of various cutoff points of these tests
to predict physical frailty were also calculated along with
their respective confidence intervals.

Specific Contribution of Gait Speed to Physical
Frailty
Documentation of the specific contribution of gait speed to
Fried total score is complicated by the potential for colli
nearity between the two variables, gait speed being one
component of the Fried total score. To address this meth
odological problem, a principal component analysis was
performed to determine which of unintentional body mass
loss history, self-reported exhaustion, weekly self-reported
energy expenditure, 4MGS and handgrip dynamometry are
the major contributor to the variance of the Fried total
score, in this specific population. This technique permits
to reduce the dimensionality of the dataset to few compo
nents while minimizing loss of information. Results from
the principal component analysis indicate the proportion of
the variance explains by each component. On this
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graphical representation, the closer a variable is to the
external boundary the larger is its contribution to the
component. We applied the Kaiser criterion to retain two
components with eigenvalues equal to or greater than 1.
Factor loadings of >0.5 were deemed to be highly relevant
to the latent factor.
Statistical analyses were performed using the SPSS
statistical software programs, version 19.0 (IBM SPSS,
Chicago, IL, USA). Variables were expressed as mean ±
standard deviation or as frequencies and percentages and
were tested for normality.

Results
A total of 55 patients were contacted for possible study
participation. Among them, two declines participation and
four did not meet the inclusion criteria (COPD was not the
main disease). Forty-nine patients gave informed consent
to participate in the study; among them, one died, one
withdrew consent between the initial and the second
visit, and three were excluded because they refused the
physical frailty assessment. Anthropometric data, pulmon
ary function and COPD related-comorbidities of the
remaining 44 participants are presented in Table 1. The
majority of participants were men, overweight, ex-smo
kers, with severe airflow limitation and frequent exacerba
tions (Table 1). Thirty-nine participants were treated with
LTOT and NIV and five received only NIV.

Physical Frailty Proportion
Physical frailty was identified in 19 (43%) participants; 21
(47%) participants had one or two Fried criteria and only 4
participants did not meet any of Fried criteria. The latter
two categories of participants were grouped under the term
“non-frail” participants. Amongst the frail criteria, exhaus
tion was the most common marker of frailty in each group
(total group: 68%; frail: 89%; non-frail: 52%) (Figure 1).
No non-frail participant met the 4MGS slowness criteria
(Figure 1).

Clinical Features of Physical Frailty
We did not find significant differences in anthropometric
data, pulmonary function or Charlson comorbidity index
between the physically frail and non-frail groups (Table 1).
The proportion of frail participants on inhaled corticoster
oids and nutritional supplements was greater compared to
that of the non-frail individuals (p<0.05). On average, frail
individuals had lower exercise tolerance and functional
capacity (balance, 4MGS, SPPB total score), and higher
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Table 1 Anthropometrics, Medical and Pulmonary Function Characteristics
Characteristics

Total Group (n = 44)

Frail (n =19)

Non-Frail (n=25)

p-value

Age, years

66 ± 8

67 ± 9

65 ± 8

0.49

Female, n (%)

14 (32)

4 (21)

9 (36)

0.29

BMI, kg/m2

26 ± 7

24 ± 7

27 ± 7

0.17

Current smokers, n (%)

8 (18)

2 (10)

6 (24)

0.30

FEV1, % of predicted

33 ± 13

30 ± 9

36 ± 16

0.18

FEV1/FVC, %

50 ± 14

48 ± 8

51 ± 17

0.52

2

3 (7)

0 (0)

3 (12)

3
4

18 (41)
23 (52)

8 (42)
11 (58)

10 (40)
12 (48)

29 (66)

13 (68)

16 (64)

0.77

3.2 ± 0.9

3.4 ± 0.9

3.0 ± 0.9

0.07

LTOT, n (%)

39 (89)

18 (95)

21 (84)

0.26

NIV, n (%)

29 (66)

12 (63)

14 (56)

0.57

CPAP, n (%)

6 (14)

1 (5)

4 (16)

0.28

Short-acting β2-agonists, n (%)

30 (68)

14 (74)

16 (64)

0.51

Long-acting β2-agonists, n (%)

9 (20)

3 (16)

6 (24)

0.52

Long-acting anticholinergic, n (%)

43 (98)

19 (100)

24 (96)

0.41

Bronchodilator with corticosteroids, n (%)

16 (36)

4 (21)

12 (48)

0.07

Inhaled corticosteroids, n (%)

25 (57)

14 (74)

11 (44)

0.04

4 (9)

2 (11)

2 (8)

0.79

2.7 ± 1.9

3.1 ± 1.9

2.4 ± 1.9

0.18

11 (25)

9 (47)

4 (16)

0.03

GOLD stage, n (%)

Exacerbation ≥ 2 in last year, n (%)
mMRC dyspnea score

Oral corticosteroids, n (%)
Charlson Index
Nutritional supplements, n (%)

0.35

Notes: Values are presented as mean ± SD or number (%). Non-frail group: 0, 1 or 2 Fried criteria.
Abbreviations: BMI, body mass index; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; GOLD, Global Initiative for Chronic Obstructive Lung
Disease; mMRC, modified Medical Research Council dyspnea scale; LTOT, long-term oxygen therapy; NIV, non-invasive ventilation; CPAP, continuous positive airway
pressure.

fatigue scores and anxiety and depressive symptoms
(p<0.05) compared to their non-frail counterparts (Table
2). The CCQ score difference between the two groups did
not reach statistical significance (p = 0.06).
Physical activity measurement was obtained in only 33
participants (3 participants refused to wear the activity moni
tor and in 8 participants, the criteria for a valid measurement
were not met). The daily number of steps was significantly
different between groups (1392 ± 1249 versus 2666 ± 2978
steps per day, p<0.05, physical frailty vs non-frail); while the
daily time spent in sedentary, light and moderate activities
was similar between groups (82 ± 9% vs 76 ± 15%, p = 0.69;
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17 ± 8% vs 24 ± 14%, p = 0.08; 1 ± 1% vs 1 ± 2%, p = 0.90,
frail vs non-frail, respectively) (Figure 2).
Univariate analyses are presented in Table 3. Physical
frailty was moderately correlated with exercise tolerance,
functional capacity, anxiety and depressive symptoms,
HRQoL, and fatigue score (Table 3). The correlations
with daily physical activity variables were weak.

Functional Capacity Tests to Detect
Physical Frailty
The usefulness of SPPB and TUG to detect physical frailty
is illustrated in Figure 3. The AUCs were 0.69 and 0.64, for
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Specific Contribution of Gait Speed to
Physical Frailty

Figure 1 Prevalence of physical frailty criteria in frail and non-frail individuals.
Abbreviations: WEE, weakly energy expenditure estimated from the Minnesota
Leisure-Time Physical Activity Questionnaire; 4MGS, 4-meter gait speed.

the SPPB and TUG, respectively. According to the AUC
cuts-off, both tests did not have an acceptable detection
accuracy for screening physical frailty. Table S1 displays
the sensitivity and specificity of SPPB and TUG to screen
for physical frailty. According to Figure 3 and Table S1, the
best cutoff points for the detection of physical frailty were ≤
10 points and ≥ 8.5 seconds, for SPPB and TUG, respec
tively. Moreover, the odds of being physically frail were
2.9-fold (95% CI = 0.8–11.4) higher in individuals with
a SPPB score ≤10 points compared to those with SPPB
score >10 points, and 3.8-fold (95% CI = 1.1–13.7) higher
in individuals had a TUG score ≥8.5 seconds compared to
those with a TUG score < 8.5 seconds.

Results of the principal component analysis are represented
in Figure 4 and the associated values are displayed in Table
S2. The first component explained 31.2% of the physical
frailty score. On the first component, 4MGS had the highest
positive loading (0.67), contributing the most to the physical
frailty score. The second component explained 26.2% of the
physical frailty score; on this component, weakness had the
highest positive loading (0.76) (Table S3). Cumulatively,
components 1 and 2 explain 57.4% of the physical frailty
score. The odds ratios of various cutoff points of the 4MGS
to predict physical frailty are presented in Table 4.

Discussion
Physical frailty affected a large proportion of COPD
patients with chronic respiratory failure at the time of
starting a home-based PR program. Physically frail parti
cipants were using more inhaled corticosteroids and nutri
tional supplements, and had lower daily steps number,
exercise tolerance and functional capacity, and higher
anxiety and depressive symptoms, and fatigue scores com
pared to their non-frail counterparts. Furthermore, physical
frailty was moderately correlated with exercise tolerance,
functional capacity, anxiety and depressive symptoms,
HRQoL, and fatigue scores. These results underscore the
challenge of health professionals when caring for patients

Table 2 Clinical Assessments
Characteristics

Total Group (n=44)

Frail (n=19)

Non-Frail (n=25)

p-value

6MST, strokes

249 ± 150

197 ± 175

288 ± 116

0.03

SPPB
Balance, score (0–4)

3.6 ± 0.8

3.3 ± 1.0

3.8 ± 0.5

0.02

4MGS, m/s

0.8 ± 0.2

0.7 ± 0.2

0.9 ± 0.1

<0.01

5STS, seconds
Total score (0–12)

12.7 ± 3.5
9.7 ± 1.9

12.9 ± 3.7
8.9 ± 2.1

12.5 ± 3.3
10.3 ± 1.4

0.73
0.03

TUG, seconds

9.8 ± 5.4

9.9 ± 3.1

9.6 ± 6.7

0.13

Anxiety symptoms, score

9.8 ± 4.8

12.2 ± 5.2

7.9 ± 3.8

<0.01

Depressive symptoms, score

8.1 ± 4.1

9.7 ± 4.6

7.0 ± 3.5

0.01

CCQ, score

2.9 ± 1.3

3.4 ± 1.5

2.6 ± 0.9

0.06

FAS, score

25.6 ± 7.9

28.9 ± 8.5

23.1 ± 6.5

0.01

Note: Values are presented as mean ± SD.
Abbreviations: 6MST, 6-minute stepper test; SPPB, short physical performance battery test; 4MGS, 4-meter gait speed; 5STS, 5-sit-to-stand test; TUG, timed-up and go
test; CCQ, clinical COPD questionnaire; FAS, fatigue assessment scale.
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Figure 2 Daily physical activity levels defined by the number of steps (A) and the number of time spent in sedentary (B), light (C) and moderate (D) activities in minutes.
Values are mean ± SD. *p<0.05 frail versus non-frail. Since neither group spent any time in vigorous activity, this physical activity parameter is not presented.

with severe COPD, but also highlight the heavy clinical
burden COPD patients with chronic respiratory failure
have to deal with when starting a PR program.
The second aim of the study was to evaluate the use
fulness of SPPB and TUG for screening physical frailty.
Our results suggest that neither SPPB nor TUG has an
acceptable detection accuracy for screening physical
frailty. Because of its clinical relevance, we used
a principal component analysis to evaluate the specific
contribution of gait speed to frailty score. Results showed

Table 3 Pearson Correlation with Physical Frailty
Characteristics (n=44)

Physical Frailty

p value

mMRC dyspnea score

0.39

<0.01

6MST, strokes

−0.43

<0.01

SPPB, total score (0–12)

−0.43

<0.01

TUG, seconds

0.02

0.89

Anxiety symptoms, score

0.45

<0.01

Depressive symptoms, score

0.40

<0.01

CCQ, score

0.50

<0.01

FAS, score

0.52

<0.01

Steps, number
Sedentary, minutes

−0.38
−0.16

0.03
0.38

Light, minutes

−0.37

0.03

Moderate, minutes

−0.08

0.67

Daily physical activity

Abbreviations: mMRC, modified Medical Research Council dyspnea scale; 6MST,
6-minute stepper test; SPPB, short physical performance battery test; TUG, timedup and go test; CCQ, clinical COPD questionnaire; FAS, fatigue assessment scale.
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that amongst Fried criteria, gait speed was the main con
tributor to the total score of physical frailty.
Frail status is highly associated with the severity of
airflow obstruction and frequency of exacerbations; con
sequently, patients with severe COPD have an increased
risk of frailty compared to those affected by milder forms
of the disease.10 We found that 43% and 47% of the
individuals referred for the home PR intervention were
physically frail and prefrail, respectively. Taking together,
90% of our population had at least one Fried criterion,
with exhaustion as the most common marker of physical
frailty, consistent with a previous report.8 This result is
higher than previously reported, where 25 to 28% of
patients with moderate to severe COPD were physically
frail when starting a center-based PR.8,9 This can be
explained by the presence of severe airflow limitation
and chronic respiratory failure in the present study popula
tion. This result highlights the importance of implementing
physical frailty assessment in PR settings, especially in
people requiring LTOT and NIV.
Age, sex, severity of airway obstruction, body mass
index, number of comorbidity or number of exacerbation
during the last year, could not discriminate the physical
frail individuals from the non-frail ones. These factors
were previously associated with frailty in COPD, but
when using another definition than Fried phenotype.10,40
However, we found that the proportion of physical frail
individuals using inhaled corticosteroids and daily nutri
tional supplements was greater than what was seen in nonfrail ones, consistent with a previous result in which mal
nutrition was present in 63% of the physically frail
individuals.9 Moreover, the physical frail group had
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Figure 3 ROC curves of the SPPB and TUG as predictors of physical frailty.
Abbreviations: AUC, area under the curve; SPPB, short physical performance battery test; TUG, timed-up and go test.

lower daily steps number, exercise tolerance and func
tional capacity compared to the non-frail group.
The Minnesota Questionnaire which is used to docu
ment weekly self-reported energy expenditure in the Fried

Figure 4 Principal component analysis of the first two principal components of
physical frailty. Principal component analysis (PCA) is a simple graphical display used
to study the overall structure of the dataset and to obtain a visual understanding of
relationships between the included variables (ie, Fried criteria)52. On this graphical
representation, the closer a variable is to the external boundary the larger is its
contribution to the component. PCA analysis indicated that the first component
and the second component explained 31.2% and 26.2% of the variance of the
physical frailty score, respectively. On the first component, 4MGS had the highest
positive loading, while on the second component, weakness had the highest positive
loading. Cumulatively, components 1 and 2 explained 57.4% of the variance of
physical frailty score.
Abbreviations: WEE, weekly energy expenditure estimated from the Minnesota
Leisure-Time Physical Activity Questionnaire; 4MGS, 4-meter gait speed.
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physical frailty assessment is time-consuming and requires
remembrance of the practice of physical activity over the
past year. We used accelerometry to provide an objective
assessment of physical activity in this population and
found that COPD patients with chronic respiratory failure
have a remarkably low level of domestic daily life
activities.41 We also confirmed the existing relationship
between physical frailty and low daily physical activity
previously reported in healthy older adults.42 Regardless
of the physical frailty status, the number of steps per day
and the time spent in moderate physical activity were well
below the guideline recommendations.43
Although under-recognized, fatigue, anxiety and
depressive symptoms are commonly reported in patients
with COPD starting PR.44,45 We confirmed that physically
frail patients with COPD present higher fatigue, and anxi
ety and depressive symptoms compared to the non-frail.8
We extend this knowledge by demonstrating moderate
correlations between physical frailty and anxiety and
depressive symptoms, fatigue and poor HRQoL, in line
with the results of previous studies in older adults.15,46,47
Moreover, although the CCQ score was not significantly
different between the frail and non-frail groups (p=0.06),
the positive difference (+0.8 for the physically frail
patients compared to the non-frail ones) was higher than
the minimal clinically important difference for this mea
sure (0.3 to 0.5).48
The concomitant occurrence of physical frailty, physi
cal inactivity, exercise intolerance, general fatigue, anxiety
and depressive symptoms, and poor HRQoL might prevent
patients with COPD from fully engaging in pulmonary
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Table 4 Odds Ratio for Detecting Physical Frailty
Detection of Physical Frailty

Odds Ratio

95% CI

2.9

0.8–11.4

3.8

1.1–13.7

≤1

1.3

0.3–6.4

≤ 0.95

3.0

0.7–13.2

≤ 0.90

4.2

1.0–18.1

≤ 0.85

5.6

1.4–22.0

≤ 0.8

9.6

2.4–39.4

≤ 0.75

12.6

2.7–57.7

≤ 0.70

12.8

2.3–70.1

≤ 0.65

21.6

2.4–193.7

SPPB, points
≤ 10
TUG, seconds
≥ 8.5
4MGS, m/s

Abbreviations: SPPB, short physical performance battery test; TUG, timed-up and
go test; 4MGS, 4-meter gait speed; CI, confidence interval.

Finally, our results indicated that gait speed was the
main contributor to the Fried total score of physical frailty.
This result is further supported by fact that none of the
individuals of the non-frail group met the Fried slowness
criterion, possibly making the 4MGS a discriminant factor
for physical frailty. The utility of the 4MGS has been
already highlighted in older adults where a slow walking
speed predicts a higher risk of disability, cognitive impair
ment, institutionalization, falls and mortality.26 Moreover,
the 4MGS can be easily implemented in clinical or homebased settings, offering a simple and safe surrogate of
functional capacity in COPD patients.50 Schoon et al
showed that a gait speed ≤ 0.8 m/s had an excellent
diagnostic value for screening for physical frailty in
older adults, whether it is assessed with Fried phenotypic
model or with Frailty Index tool (not including 4MGS as
a component).51 Using the same cutoff, the present study
demonstrated that in COPD patients with chronic respira
tory failure, a gait speed ≤0.8 m/s was associated with
a 10-fold increase in the odds of being physically frail.

Methodological Considerations
rehabilitation. Indeed, despite that frail patients with
COPD respond favorably to PR,8 our results confirmed
that this population accumulated multidimensional loss
that might compromise the effectiveness of traditional
PR.11 It is thus crucial to identify these people at the
time of their engagement in those programs and under
stand their multidimensional concerns in order to indivi
dualise the intervention to suit their needs and priorities.49
For example, the exercise training program and the psy
chologic and motivational support provided during tradi
tional PR could be individualised according to the Fried
phenotypic model that may highlight the presence of
impaired muscle strength, sedentary lifestyle, walking dis
ability, depressive symptoms, or risk of malnutrition upon
which specific therapeutic interventions may be
undertaken.
SPPB and TUG tests are commonly used in clinical
settings and are validated to assess the risk of mobility
limitations, falls and disability in patients with
COPD.24,25 Moreover, an SPPB score ≤ 8 and a TUG
score ≤ 10 seconds were selected as a cut-off for screen
ing physical frailty in older adults.20–22 In the present
study, both tests did not have an acceptable detection
accuracy for screening physical frailty according to the
AUC value (<0.70).

International Journal of Chronic Obstructive Pulmonary Disease 2021:16

The exploratory nature of this study and the small sample
size limit the scope of the present results, which need to be
confirmed by an adequately powered study. Moreover, we
purposefully selected COPD patients with chronic respira
tory failure, thus the present results are not generalizable
to patients with milder forms of COPD. In the same way,
we selected Fried criteria to define physical frailty which
cannot be substituted with other frailty assessments. We
also acknowledge that we did not strictly followed the
Fried physical frailty categorization by grouping the prefrail and robust patients together. Nevertheless, results
were the same when we ran the statistics removing the
four robust participants from the non-frail group.
Finally, our intention was not to propose the SPPB,
TUG or 4MGS tests as alternatives to the Fried phenotype
assessment to diagnose physical frailty but rather to deter
mine a test that would allow for a quick clinical assess
ment of the participant. This would help to determine
whether the patients would require more in-depth physical
frailty assessments and if intervention would be necessary.

Conclusion
Physical frailty affected a large proportion of COPD
patients with chronic respiratory failure at the time of
starting a home-based PR program and was associated
with reduced daily physical activity, exercise intolerance,
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anxiety and depressive symptoms, fatigue and poor func
tional status, and HRQoL. Although the present results
need to be confirmed by adequately powered studies, gait
speed seems to have the potential to become a simple
screening tool for physical frailty in this population.

Abbreviation
4MGS, 4-meter gait speed; 5STS, 5-sit-to-stand test;
6MST, 6-minute stepper test; AUC, area under the
curve; BMI, body mass index; CCQ, clinical COPD
questionnaire; COPD, chronic obstructive pulmonary dis
ease; CPAP, continuous positive airway pressure; FAS,
fatigue assessment scale; FEV1, forced expiratory
volume in 1 second; FVC, functional vital capacity;
GOLD, Global Initiative for Chronic Obstructive Lung
Disease; HAD, hospital anxiety and depression scale;
HRQoL, health-related quality of life; LTOT, long-term
oxygen therapy; mMRC, modified Medical Research
Council dyspnea scale; MVPA, moderate to vigorous
physical activity; NIV, non-invasive ventilation; PR, pul
monary rehabilitation; ROC, receiver operating charac
teristic; SPPB, short physical performance battery test;
TUG, timed-up and go test; WEE, weakly energy
expenditure.
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