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Background: The study investigates which physical performance or muscle function/mass
tests significantly correlate with objectively measured physical activity (PA) in patients with
chronic obstructive pulmonary disease (COPD) and could potentially serve to identify
physically inactive COPD patients in routine clinical practice.

Methods: A cross-sectional, observational study was conducted in outpatients with moder-
ate to very severe COPD. PA was measured during one week with the StepWatch Activity
Monitor®, an ankle-worn accelerometer, and expressed in steps per day. Physical fitness and
peripheral muscle function/mass were evaluated by the 4-meter gait speed (4MGS) test, the
6-minute walk distance (6MWD), the 30-second chair stand test (30sCST), the timed up and
go test (TUGT), handgrip strength, arm muscle area, calf circumference, the fat-free mass
index (FFMI), and ultrasound measurement of the quadriceps muscle. Spearman’s rank
correlation analysis and ROC analysis were performed.

Results: The study population (N=111, 69% men, mean age 68 years) walked a mean of
8059 steps/day. The daily step count strongly correlated with the 6MWD (rho=0.684,
p<0.001) and moderately with the 4MGS (rho=0.464, p<0.001), the TUGT (rho= —0.463,
p<0.001), and the 30sCST (rho=0.402, p<0.001). The correlation with the FFMI was weak
(rho=0.210, p=0.027), while the other parameters did not significantly correlate with the
daily step count. The 6 MWD had the best discriminative power to identify patients with very
low PA defined as <5000 steps/day (AUC=0.802 [95% CI: 0.720-0.884], p<0.001), followed
by the TUGT, the 4MGS, and the 30sCST.

Conclusion: The 6MWD, the 4MGS, the TUGT, and the 30sCST are easy to perform in any
clinical setting and may be used by clinicians in the screening of physically inactive COPD
patients.

Keywords: chronic obstructive pulmonary disease, physical activity, gait speed, muscle

function, muscle mass, exercise capacity

Introduction

Patients with chronic obstructive pulmonary disease (COPD) have a lower level and
intensity of physical activity (PA) compared to age-matched healthy individuals and
even to patients with other chronic diseases.'” Physical inactivity and sedentary
lifestyle become more evident with increasing COPD severity as a result of
progressive ventilatory limitation, cardiac impairment, peripheral muscle dysfunc-
tion, and psychological factors.* There is a growing body of evidence linking low
PA and exercise intolerance in COPD patients with multiple negative clinical
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implications, such as functional limitation and disability,
impaired health-related quality of life, increased risk of
exacerbation, a higher hospital admission rate, develop-

ment of anxiety and increased

5-10

and depression,
mortality.

Although the main focus of the management of COPD
is respiratory symptoms and exacerbations, clinicians are
becoming increasingly aware of the frequent extrapulmon-
ary manifestations as well as the negative consequences of
reduced PA in patients with COPD."' However, PA is still
rarely measured in clinical practice, and a lack of time and
equipment are just some of the multiple reasons for this.
PA questionnaires and diaries are the simplest and the
cheapest methods for this purpose, but their main limita-
tion is a lack of accuracy due to recall bias.'? Devices such
as pedometers or step counters are relatively inexpensive
and available, although they usually underestimate activity
in individuals with slow walking speed, such as those with
advanced COPD."® The preferred instruments for asses-
sing PA in the ambulatory setting are accelerometers or
activity monitors, the reliability and validity of which have
been proven in different populations, including COPD
patien’[s;m’15 however, their use in routine clinical practice
is still mainly limited by their price. In contrast, we
hypothesize that some easy to perform physical perfor-
mance tests or measures of muscle function or muscle
mass may be useful to detect COPD patients with severely
reduced PA in clinical practice.

The aim of this study was to investigate which physical
performance or muscle function/mass tests significantly
correlate with objectively measured PA and may be used
in routine clinical practice to identify patients with
severely reduced levels of PA.

Methods
Study Design and Participants

This was a single-center cross-sectional observational
study conducted in outpatients with stable COPD. The
details of the study have been published previously.'®
Briefly, participants were recruited from a pulmonary out-
patient clinic. They were >40 years of age, were smokers
or ex-smokers of >10 pack-years, with a documented
COPD history >1 year, and with a post-bronchodilator
ratio of the forced expiratory volume in one second
(FEV)) to the forced vital capacity (FVC) < 0.70, and
FEV, < 80% predicted. The key exclusion criteria
included concomitant conditions that might influence PA

or nutritional status such as unstable cardiovascular dis-
ease, limitation to walk due to neurological or osteomus-
cular disorders, active malignant disease, end-stage renal
or liver disease, uncontrolled diabetes or thyroid disease,
dementia, sustained systemic corticosteroid therapy,
COPD exacerbation within three months of enrolment,
and asthma or another active respiratory disease besides
COPD.

The study was conducted in accordance with the
Declaration of Helsinki and was approved by the Ethics
Committee of the Dubrava University Hospital (Zagreb,
Croatia), and all participants signed informed consent to

participate.

Measurements
Sociodemographic and clinical data related to COPD and
comorbidities were collected. Respiratory symptoms were
evaluated by the Modified Medical Research Council
(mMRC) dyspnea scale'” and the COPD Assessment
Test (CAT)."® COPD exacerbations requiring treatment
with antibiotics, systemic corticosteroids and/or hospitali-
zation in the previous year were recorded. The Charlson
index'® was used for the evaluation of comorbidities based
on the medical history and electronic health care database.
Pre- and post-bronchodilator spirometry, diffusing
capacity of the lung for carbon monoxide, and body
plethysmography were performed (Vmax Series Software
Version 20-7, VIASYS Healthcare Inc., SensorMedics
USA)
guidelines.’™?" Arterial blood gases were analyzed under

Corporation, according to  international
resting conditions in room air.

The daily step count was measured with the StepWatch
Activity Monitor® (SAM) (Modus Health IIc, Washington
DC, USA). SAM is an ankle-worn accelerometer proven
to be a reliable method for measuring PA in patients with
COPD.*!” Patients were instructed to wear the SAM dur-
ing 7+2 consecutive days except while washing and sleep-
ing, to perform physical activity as usual, and to return the
device at the second study visit at which time the data
were downloaded. The days of the study visits, as well as
no-wear days (<8 hours of wear time), were excluded from
the analysis, and the average daily step count was
recorded.'®

Five different tests were used for the assessment of
physical fitness and/or muscle function, and four more meth-
ods were applied to measure muscle mass. The 6-minute
walk test (6MWT), the 4-meter gait speed (4MGS) test, 30-
second chair stand test (30sCST), and the timed up and go
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test (TUGT) were performed in a standardized way as
described previously.”> »° Patients with chronic respiratory
insufficiency were provided with supplemental oxygen
when performing walking tests. The 4MGS and the TUGT
were carried out twice, and the best result was recorded.
Maximal handgrip strength (kg) was measured with
a handheld dynamometer (KERN MAP 80K1, Version 1.2
08/2012, KERN & Sohn GmbH, Germany) in a sitting
position while the hand was unsupported with the elbow at
90°
positions.”® Three measurements were performed with

flexion and the underarm and wrist in neutral

each hand, and the best value was used in the analysis.
Fat-free mass was assessed by dual energy X-ray
absorptiometry (DEXA) total body scan (Lunar
PRODIGY Primo, enCORE Software version 11.1, GE
Healthcare, 2007), and the fat-free mass index (FFMI)
was calculated by dividing the fat-free mass by height
squared and expressed in kg/m”. In the additional evalua-
tion of muscle mass, several anthropometric measurements
and calculations were carried out by routine methods:*’
calf circumference (CC), mid-upper arm circumference
(MUAC), arm muscle area (AMA), and triceps skin fold
(TSF). The TSF (mm) was measured three times with
a caliper (Harpenden Skinfold Caliper, British Indicators
LTD, England), while the CC (cm) and the MUAC (cm)
were measured twice with a tape measure, and the mean
values were recorded. The AMA was calculated by the
equation
AMA (cm?)=[MUAC (cm)—0.314xTSF(mm)]*/(4x3.14)
Ultrasound measurement of quadriceps rectus femoris
cross-sectional area (RFcga) was done by an experienced
radiologist using B-mode ultrasonography with an 8 MHz,
5.6 cm linear transducer array (General Electric Logiq E9,

WI, USA) according to
128

General Electric Company,
a technique described by Seymour et al.”* Briefly, the patient
was in supine position with the right leg in passive exten-
sion, and the transducer was placed perpendicular to the long
axis of the thigh on its superior aspect, three-fifths of the
distance along a line from the anterior superior iliac spine to
the superior patellar border. RFc-g5 was calculated using
a planimetric technique after manually outlining the echo-
genic line of the rectus femoris on a frozen image, and the

average of three consecutive measurements was recorded.

Statistical Analysis
Continuous variables were presented in means (standard
deviations [SD]), or medians (1*' quartile; 3™ quartile) in

the case of non-normal distribution. Absolute numbers
(percentages) were used for categorical variables. Linear
relationship between variables was studied using the
Spearman correlation test. Receiver operating characteris-
tic (ROC) curves were calculated to identify both the
discriminative capacity of each test (area under the
curve — AUC) and the potential dichotomic cut-offs for
identification of patients with severely reduced levels of
PA, using the threshold of 5000 steps/day, according to
international recommendations.”’ The sensitivity (Se) and
specificity (Sp), and positive predictive (PPV) and nega-
tive predictive values (NPV) were calculated for each of
the tests in relation to the identification of patients with
reduced PA. All the tests were conducted at a level of
significance of 0=0.05. The SPSS version 20 software
(IBM Corp., Armonk, NY, USA) was used for all the
analyses.

Results

Patient Characteristics

A total of 112 patients fulfilling the study criteria were
recruited, and 111 (76 men, mean age 67.7 [SD 7.8] years)
completed all the protocol-related procedures. Table 1
shows the patient characteristics. The mean FEV; was
48.9% (15%), the CAT score 17.9 (6.4), and the mean
mMRC dyspnea grade was 2.0 (1.0). Forty-two (37.8%)
patients presented at least one COPD exacerbation in the
previous year, mean 1.2 (1.4), maximum 8, and the
Charlson comorbidity index was 1.8 (1.0). Long-acting
bronchodilators were the most commonly used COPD
medications, and 58 patients (52%) were receiving inhaled
corticosteroids (Table 1).

Evaluation of Physical Activity

The 111 patients studied provided a valid registry of PA during
the days required. The readings demonstrated that the study
population was active a mean of 323.4 (134.2) minutes
per day, namely 22.5% (9.3%) of 24 h., and the average
daily step count was 8059 steps/day (4757, range
220-23,342). Figure 1 shows the distribution of the levels of
activity intensity.

Physical Fitness and Muscle Function/Mass
Measurements
The results of the different tests of physical performance

and muscle function/mass are shown in Table 2. Patients
walked a mean of 376 m (119) in the 6MWT, had a mean
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Table | Patient Characteristics

Parameter Patients
(n=111)
Age, years 67.7 (7.8)
Sex, male (%) 76 (68.5%)
Smoking status
Smokers 39 (35.1%)
Ex-smokers 72 (64.9%)
Smoking history, pack-years 43.9 (24.8)
Charlson comorbidity index 1.8 (1.0)
COPD exacerbations in the last year 1.2 (1.4)
mMRC dyspnea scale 2.0 (1.0)
CAT score 17.9 (6.4)
Post-bronchodilator FVC, % predicted 90.8 (19.0)
Post-bronchodilator FEV, % predicted 48.9 (15.0)
Post-bronchodilator FEV/FVC 0.43 (0.11)
TLC, % predicted 110.5 (24.6)
RV, % predicted 159.5 (62.2)
DLCOI/VA, % predicted 70.3 (22.9)
pO;,, kPa 9.2 (1.4)
pCO,, kPa 5.6 (0.7)
Treatment
Short-acting beta adrenergics 86 (78%)
Short-acting antimuscarinic agents 22 (20%)
Long-acting beta adrenergic 105 (95%)
Long-acting antimuscarinic agents 93 (84%)
Inhaled corticosteroids 58 (52%)
Theophylline 41 (37%)
Roflumilast 1 (1%)
Long-term oxygen therapy 12 (11%)

Note: Data are presented as means (standard deviation) or numbers (%), as
appropriate.

Abbreviations: CAT, COPD Assessment Test; COPD, chronic obstructive pul-
monary disease; DLCO/VA, diffusing capacity of the lung for carbon monoxide per
liter of alveolar volume; FEV|, forced expiratory volume in one second; FVC, forced
vital capacity; mMMRC, modified Medical Research Council; pCO,, partial pressure of
carbon-dioxide in arterial blood; pO,, partial pressure of oxygen in arterial blood;
RV, residual volume; TLC, total lung capacity.

walking speed of 0.89 m/s (0.22) in the 4MGS test, com-
pleted 11 (3) full stands in the 30sCST, and needed 10.3
s (3.3) to perform the TUGT. Most tests showed a high
range of values indicating different degrees of physical
and muscle impairment in the study population.

Correlations Between Physical Activity
and Measurements of Physical Fitness and
Muscle Function/Mass

Table 3 and Figure 2 show the results of the Spearman
correlation analysis between PA and parameters of physi-
cal fitness and muscle function/mass. There was a strong
correlation between the daily step count and the 6-minute

walk distance (6MWD), and a moderate correlation
between the daily step count and the 4MGS, the TUGT,
and the 30sCST. The FFMI and PA showed only a weak
correlation. In contrast, there were no significant correla-
tions between the daily step count and handgrip strength,
CC, AMA and RFcga.

Predictive Value of Different Physical
Performance Tests in the Prediction of a

Very Low Level of Physical Activity

Among the variables analyzed, the 6MWD had the best
discriminative power to identify patients with very low PA
defined as less than 5000 steps/day (AUC= 0.802 [95% CI:
0.720-0.884], p<0.001), followed by the TUGT, the
4MGS, and the 30sCST (Table 4). The best thresholds of
these tests to identify inactive COPD patients are shown in
Table 4. The 6MWD showed a Se of 80.6%, a Sp of 68%,
a PPV of 54.7% and a NPV of 87.9%. For the TUGT, the
Se was 63.9%, the Sp 68%, the PPV 49% and the NPV
79.7%; being 55.6%, 78.7%, 55.6% and 78.7%, respec-
tively, for the 4MGS and finally, 36.1%, 33.3%, 20.6% and
52.1%, respectively, for the 30sCST. The remaining tests
did not show a significant discriminative power for
reduced PA.

Among the four tests with significant predictive value
in the prediction of low PA, we used three that are the
easiest to perform, namely the 4MGS, the 30sCST, and the
TUGT to calculate a probability of a very low level of PA
based on the results of these tests (Table 5). A patient with
a 4MGS <0.8 m/s, <11 stands in the 30sCST and needs
>10 s to perform the TUGT has a 70% probability of
walking less than 5000 steps per day.

Discussion

The results of this study indicate that several simple phy-
sical performance tests demonstrate a significant correla-
tion with objectively measured PA in patients with COPD.
This correlation was strong for the 6MWD, moderate for
the 4MGS, the TUGT, and the 30sCST, and weak for the
FFMI. The 6MWD had the best discriminative power to
identify physically inactive COPD patients.

Sedentarism has been recognized as an important issue
in the COPD population because of its high prevalence
and negative consequences. Fortunately, PA is susceptible
to improvement with the appropriate strategies in most
respiratory patients, but before any actions are undertaken
it is important to assess the initial level of PA in daily life.
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1%

@ Moderate-intensity PA (31-80 steps/min)
O Low-intensity PA (1-30 steps/min)

Olnactive (0 steps/min)

m High-intensity PA (>80 steps/min) %

Figure | Intensity of physical activity in the study population. (A) Percentages of daily time. (B) Percentages of active time.

Abbreviation: PA, physical activity.

However, the assessment of PA is time consuming and
requires additional equipment, which makes it impractical
to integrate into the usually busy clinical routine. Hence,
the aim of the present study was to measure PA in “real-
life” COPD patients with a wide range of ventilatory
impairment and to evaluate whether some simple, rapid,
inexpensive and clinically available tests of physical fit-
ness and muscle function/mass show a good correlation
with objectively measured PA, and may potentially serve
as a screening tool for identification of inactive COPD
patients in clinical practice.

Previous studies have shown that most COPD patients
spend significantly less time walking compared to their
healthy peers, and when they do walk, they do it at
a significantly slower rate.’* In our study the average
daily step count was 8059 steps/day, which is not a bad
result, although still considerably less than the 10,000

Table 2 Physical Fitness and Muscle Function/Mass of the Study
Population

steps/day that is commonly recommended for health
promotion.”' However, what is more interesting is that
the average daily activity among the participants ranged
from extremely poor (minimum 220 steps/day) to excel-
lent (maximum 23,342 steps/day). Nonetheless, in line
with previous studies, most of the PA undertaken by our
patients was at a low-intensity level, that is, they spent
73% of active time walking slowly and only 4% walking
quickly.

A correlation analysis of PA and different physical
performance tests revealed a strong positive correlation
between the daily step count and the 6MWD, and
the 4MGS.
Similarly, both tests showed a good discriminative power

a moderate positive correlation with

for the prediction of a very low level of PA, with the best

Table 3 Correlations Between the Daily Step Count and
Parameters of Physical Fitness and Muscle Function/Mass

Daily Step Count

Spearman Correlation

Coefficient rho, p-value

Parameter

Physical activity, steps/day 8059 (4757)
6-minute walk distance, m 376 (119)
4-meter gait speed, m/s 0.89 (0.22)
30-second chair stand test, number of stands I (3)
Timed up and go test, s 10.3 (3.3)
Handgrip strength — right hand, kg 30.7 (10.1)
Handgrip strength — left hand, kg 29.1 (9.2)
Fat-free mass index, kg/m? 18.3 (2.7)
Calf circumference, cm 35.6 (4.2)
Arm muscle area, cm? 48.6 (12.5)
Rectus femoris cross-sectional area, cm? 6.0 (1.8)

6-minute walk distance, m 0.684, p<0.001
0.464, p<0.001

0.402, p<0.001

4-meter gait speed, m/s
30-second chair stand test,
number of stands

Timed up and go test, s —0.463, p<0.001

Handgrip strength, kg 0.129, p=0.176
Fat-free mass index, kg/m? 0.210, p=0.027
Calf circumference, cm 0.167, p=0.080
Arm muscle area, cm? 0.163, p=0.088
Rectus femoris cross-sectional 0.134, p=0.161

area, cm?

Note: Data are presented as means (standard deviation).

Note: Values in bold are statistically significant (p <0.05).
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Figure 2 Significant correlations between the daily step count and parameters of physical fitness and muscle function/mass. (A) Correlation between the 6-minute walk
distance and daily step count. (B) Correlation between the 4-meter gait speed and daily step count. (C) Correlation between the 30-seconds chair stand test and daily step
count. (D) Correlation between the timed up and go test and daily step count. (E) Correlation between the fat-free mass index and daily step count.

threshold being <350 m for the 6MWD, and <0.8 m/s for
the 4MGS. These results confirm the predictive value of
walking tests with regard to daily activity, and they are in
accordance with the findings of previous studies demon-
strating, on one hand, that PA is strongly related to exer-
cise capacity measured by the 6MWD?***%3 and, on the
other hand, has a modest association with walking

speed.>*3

Table 4 Receiver Operating Characteristic (ROC) Curve
Analysis of the Different Tests Used to Identify COPD Patients
with a Very Low Level of Physical Activity (<5000 Steps/Day)

Test AUC | 95% CI P value | Best
Cut-Off

6-minute walk 0.802 | 0.720-0.884 | <0.001 350 m

distance

4-meter gait speed 0.698 | 0.600-0.798 | <0.001 0.8 m/s

30-second chair 0.676 | 0.576-0.776 | 0.001 Il stands

stand test

Timed up and go 0.752 | 0.658-0.846 | <0.001 10s

test

Handgrip strength 0.596 | 0.491-0.702 | 0.082 30 kg

Fat-free mass index | 0.502 | 0.440-0.752 | 0.088 19 kg/m?

Calf circumference 0.601 | 0.496-0.707 | 0.066 36 cm

Arm muscle area 0.612 | 0.506-0.718 | 0.114 48 cm?

Rectus femoris 0.589 | 0.483-0.695 | 0.106 6 cm?

cross-sectional area

Abbreviations: AUC, area under the curve; Cl, confidence interval.

Furthermore, we found a significant correlation between
daily activity and two more rapid and easy to perform tests;
namely, the number of stands in the 30sCST, which showed
a moderate positive correlation, and the duration of the
TUGT, which had a moderate negative correlation with the
daily step count. According to the ROC analysis, both tests
may also be useful to detect low levels of PA, with <11 stands
in the 30sCST and/or a duration >10 s in the TUGT demon-
strating good discriminative power to predict a daily step
count <5000. The TUGT is a reliable and valid method for
quantifying functional mobility and balance in frail elderly
people,” while the timed chair stand test*® was initially
developed for the assessment of lower extremity muscle

Table 5 Probability of Severe Inactivity (<5000 Steps/Day) Based
on the Results of the Three Easy-to-Perform Tests

4-Meter 30-Second Timed Up | Probability of
Gait Chair Stand and Go Very Low
Speed Test <I| Stands | Test >10 s | Physical Activity
<0.8 mis (%)
- - - 294
+ - - 428
- + - 384
- - + 46.9
+ - 529
- + 61.4
- + 57.0
+ + 704

926
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strength in older people. There are several variants of this
test — either to measure the time that a participant needs to
stand 10 (original test), 1 or 5 times from a standard height
chair with no arm support, or to measure the number of
stands from a chair in 30 seconds, the 30sCST,24 or in
a l-minute period. Repetitive chair-rise movements not
only require lower body muscle power but also good coordi-
nation, balance, and cardiorespiratory endurance. Therefore,
in recent years the repetitive chair stand test, especially the
I-min sit-to-stand test, has become a popular method for
rapid measurement of functional exercise capacity in patients
with different chronic diseases including COPD and has even
proven to be a predictor of mortality in patients with
COPD.*** Qur findings regarding the 30sCST and the
TUGT are novel, because to our knowledge no previous
study has investigated the correlation between the PA of
COPD patients and either of these two tests. The only com-
parable published data are for the 1-min sit-to-stand test,
which demonstrated a moderate positive correlation with
daily step count in patients with COPD in the study by van
Gestel et al,*®> and for the five-repetition sit-to-stand test,
which showed a lack of correlation with PA in a small
study in 22 COPD patients published by Iwakura et al.*’

Skeletal muscle mass wasting and/or dysfunction are
present in about one-third of patients with COPD and have
been associated with multiple negative implications, includ-
ing exercise intolerance, higher health care use, reduced
quality of life and increased mortality.** Since the musculos-
keletal system is crucial for any body movement, it is reason-
able to assume that a reduction in FFMI, an indicator of
muscle and bone mass, would lead to impaired physical
performance. Measurement of FFMI requires additional
equipment, such as bioelectric impedance analysis or
DEXA scan, but at least some of these methods are available
in most hospital settings, and they are rapid and easy to
perform. The association between FFMI in COPD patients
and their exercise capacity measured by the 6MWD has
already been well documented in several studies,*'** but
evidence on the relation between FFMI and PA is scarce. In
a previous study by our group, we showed that patients with
poor PA have a lower FFMI, although neither the FFMI nor
other nutritional parameters were independently associated
with poor PA in the multivariate analysis.'® The only other
study that has addressed this issue demonstrated a weak
correlation between FFMI and the level of PA.*® Our present
results contribute to the knowledge in this field and are in line
with the previously mentioned study indicating that the FFMI
is weakly correlated with the daily step count.

In the literature available, peripheral muscle dysfunction in
the COPD population is usually demonstrated by a reduction in
quadriceps and handgrip strength, or more recently by
a reduction in strength of the knee flexor muscles
(ischiocrural),” and there is compelling evidence of
weakness
limitation.**** However, the association between muscle

a relation between muscle and exercise
strength and PA is not that straightforward; that is, some
authors have demonstrated that daily activity is positively
related to quadriceps and handgrip strength,*>> while others
have failed to show this relation.***> In the evaluation of
muscle function, we measured handgrip strength, and as an
alternative to measuring quadriceps strength, we used clini-
cally more available ultrasound imaging of the quadriceps
muscle with measurement of the RFg,, and neither of these
two parameters were associated with the daily step count. This
absence of association may be explained by the fact that apart
from musculoskeletal and cardiorespiratory capabilities, PA is
also influenced by psychological, sociodemographic and envir-
onmental factors which were not taken into account in the
present study.*® The study also has a few other limitations
that need to be addressed. We excluded patients with comor-
bidities that may obviously affect physical performance or
nutritional status in order to minimize the influence of other
factors except those which are unavoidable and the pulmonary
disease itself, because otherwise the results of the study would
be difficult to interpret. Therefore, the findings of this study
may not be applicable to COPD patients with a high-
comorbidity burden. Furthermore, PA was measured with an
activity monitor and expressed as a daily step count, which
limits the comparison of our results with studies that used
different methodology to quantify daily activity, such as walk-
ing time, distance walked, energy expenditure, PA level, or
questionnaire-derived data.

Based on the results of our study and with respect to the
aforementioned limitations, we can conclude that the 6MWD,
the 4MGS, the TUGT, the 30sCST, and the FFMI significantly
correlate with the daily step count in the COPD population.
Additionally, the 6MWD has the best predictive power to
identify COPD patients who walk less than 5000 steps
per day, followed by the 4MGS, the TUGT, and the 30sCST.
These four tests are easy to perform and available in any
clinical setting and may be used as screening tools for the
identification of physically inactive COPD patients.
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