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ABSTRACT
Objective: To verify the validity, reliability, learning effect, Minimal Detectable Change (MDC),
and feasibility of four functional tests (4-Meter Gait Speed [4MGS], Timed Up-and-Go [TUG], Sit-
To-Stand [STS], and Short Physical Performance Battery [SPPB]) for adults with asthma.
Methods: In this cross-sectional study, fifty-two subjects with stable asthma underwent
three sets of different functional tests protocols (4MGS, TUG, STS, SPPB) in a random order
by two raters. For validation analysis, tests were compared with a sex-age matched control
group without asthma and correlated with the Six Minute Walking Test (6MWT), and periph-
eral muscle strength, as well as with quality of life and asthma control questionnaires. Intra-
rater and inter-rater reliability, MDC, and feasibility were verified.
Results: Adults with asthma presented worse results than controls in the functional tests,
except for SPPB. All functional tests were significantly correlated with 6MWT (0.45< r< 0.67)
and peripheral muscle strength (0.32< r< 0.63), but not with quality of life and asthma con-
trol (0.02< r< 0.17). The tests presented good to excellent intra-rater Intraclass Correlation
Coefficients (ICC � 0.75 for all). In all tests, a considerable learning effect and variability of
measurement was observed, therefore, the best of two measurements should be used. MDC
ranged from 15 to 31% and all tests were performed in a short time, small space, and with-
out clinical adverse events.
Conclusion: Different protocols of 4MGS, TUG, STS, and SPPB are valid, reliable, and feasible
to assess the functional capacity of adults with asthma. These tests are quick and practical
new alternatives for assessing functional capacity in this population.
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Introduction

Asthma is a chronic respiratory disease that affects
approximately 300 million people in the world (1),
and is characterized by chronic airway inflammation
that causes respiratory symptoms and variable expira-
tory airflow limitation, which may vary over time and
in intensity (2). A few studies have suggested that
people with asthma, especially those with moderate to
severe or difficult-to-control asthma, but even those
with mild asthma, seem to have reduced functional
capacity (3–7).

The most commonly used field test to assess func-
tional capacity in chronic respiratory disease is the Six
Minute Walking test (6MWT) (8–10). However, despite
being both cheap and easy to perform, the 6MWT

requires a considerable space (11) (i.e. 30-meter corri-
dor), which might be an important barrier. Alternatively,
other functional tests considered cheaper, faster and
requiring smaller spaces were developed to assess func-
tional capacity, such as the 4-Meter Gait Speed (4MGS),
Timed Up-and-Go (TUG), Sit-to-Stand (STS), and Short
Physical Performance Battery (SPPB) (8).

The 4MGS reflects mobility and is related to
important health outcomes as mortality in elderly
people (12). Moreover, people with severe and/or dif-
ficult to control asthma generally use corticosteroids
(13), and when combined with physical inactivity, this
can cause atrophy and loss of muscle strength (5).
Therefore, the use of the STS may also be important
since this test also reflects lower limb strength in sev-
eral populations (14,15). Finally, TUG and SPPB,
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besides assessing functional capacity, also reflects bal-
ance, which is known to be impaired in people with
asthma (16,17).

Despite the abovementioned functional tests’
advantages and their extensive use in several popula-
tions, few studies have used them to assess adults with
asthma (18–20). Moreover, measurement properties
regarding these tests (4MGS, TUG, STS, and SPPB)
have not been investigated in adults with asthma.
Therefore, the aims of this study were as follows: (1)
to investigate the convergent, divergent and discrim-
inative (i.e. known groups) validity of the 4MGS,
TUG, STS and SPPB in adults with asthma; (2) to
assess the intra and inter-rater reliability (3) to deter-
mine the Minimal Detectable Change (MDC), and (4)
to verify the learning effect and the feasibility of these
functional tests in this population.

Methods

Sample

Patients with diagnosis of asthma treated by the
Department of Pneumology of the University Hospital
outpatient service were invited to participate in the
study. Furthermore, flyers were distributed in basic
health care units of the city of Londrina (Brazil) to
publicize the study aiming at recruiting patients with
asthma with different severities. People with diagnosis
of asthma according to the Global Strategy for
Asthma Management and Prevention (GINA) (2)
were included. Inclusion criteria were as follows:
18 years or more; to be under medical treatment for at
least 6months; clinical stability (i.e. no exacerbation
symptoms or increment in asthma medication for at
least 30 days); and absence of limiting cardiovascular
and/or musculoskeletal disease. Exclusion criteria were
as follows: inability to perform the tests; exacerbation
or changes in asthma medication in the assessment
period; diagnosis of other pulmonary disease(s); and
to decline continuation in the assessments for any rea-
son. The study was approved by Pit�agoras-Unopar
University Ethics Committee (number 3.060.314) and
all participants signed an informed consent.

In order to verify the discriminative validity, retro-
spective data from non-asthmatic people who partici-
pated in another study aimed at creating reference
values for functional tests in adults were also analyzed.
These people presented forced expiratory volume in
the first second/forced vital capacity ratio (FEV1/FVC)
�70% and healthy condition based on physical exam-
ination and medical history. The control sample was
matched by sex and age and performed the functional

tests in the same protocols as people with asthma.
Data collection occurred between April 2018 and
June 2019.

Design and outcomes

In this cross-sectional study, people with asthma were
assessed in three different days. In the first day (visit 1),
participants underwent anthropometric measurements,
lung function assessment (Spirometer MicroLab 3500,
Care FusionVR , Ireland), the first set of functional tests
(see more details further) and completed the scales of
self-reported comorbidities (21), Asthma Control Test
(ACT) (22), Asthma Quality of Life Questionnaire
(AQLQ) (23), and Hospital Anxiety and Depression
Scale (HADS) (24). After three days (visit 2), partici-
pants underwent blood collection for biomarkers ana-
lysis (total Immunoglobulin E [IgE] and eosinophil),
followed by the second and third sets of functional tests.
Finally, eight days later (visit 3), participants performed
two 6MWT in a 30-meter corridor according to the
ERS/ATS guidelines (11) as well as peripheral muscle
strength tests. Quadriceps strength was measured on the
preference limb by a strain gauge (EMG System BrazilVR )
during a maximal voluntary isometric contraction seat-
ing with stabilized trunk and knee flexion at 60� (25). A
dynamometer (JamarVR , United States of America) was
used to assess handgrip strength in the dominant hand,
with the patient in the seated position with shoulders in
a neutral position and elbow flexioned at 90� (26). Both
muscle strength tests were performed three times each
and the best result was chosen for the analysis.

Functional tests

Eight protocols of functional tests were performed
three times by each patient. The test–retests were
performed three days apart with the same rater (intra-
rater) (visit 1 and visit 2), and a different rater per-
formed the tests again on visit 2, 30min after the
retest (inter-rater reliability). The sequence of tests
was randomized, except for the balance component of
SPPB, which was always the first test to avoid possible
effects by other tests on balance measurement. At the
beginning of each test and each set of functional tests,
heart rate and subjective sensation of dyspnea were
assessed. During the set, the next test just started
when dyspnea symptoms returned to baseline levels
or heart rate reduced to baseline values considering a
variation lower than 10%. Each test was similarly
explained and demonstrated by raters to the partici-
pants immediately before starting.
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4-Meter gait speed
In this test, the participants walk in a 4 m corridor with
a cone in the edges. They were positioned with the toes
just touching the start line and were instructed to walk in
a usual pace (4MGS_usual) in the command “go” until
overpass the cone, and also in a fast-pace walking mode,
with an instruction to walk as fast as possible without
run (4MGS_max) (12). A stopwatch started when the
participant began to move and stopped when the partici-
pant’s first foot completely crossed the cone, with the
result in seconds. The two protocols were performed sep-
arately in a randomized order. The 4MGS_usual was per-
formed twice without rest and the faster of the two times
was chosen for analysis (27), and it was considered as the
walking speed component of SPPB (28).

Timed up-and-go
In TUG test, the participants should stand up from a
chair (seat in 46 cm high) in the command “go”, walk
in a 3 meters distance, turn around a cone positioned
in the edge, walk back to the chair and sit down
again. The stopwatch started when the participant’s
back left the chair in the word go and ended when
the participant’s back was positioned against the chair
in full sit down position, with the result also in sec-
onds (29). Once again, two protocols of this test were
performed, with participants walking at their usual
pace (TUG_usual) and at the fastest possible
pace (TUG_max).

Sit-To-Stand
Sit-To-Stand test was performed in 3 different protocols:
the one of 5 repetitions (STS_5r), 30 s (STS_30s), and
1min (STS_1min). For all protocols, the participants
started seated on a chair (with a seat of 46 cm high), with
their feet flat on the floor and their arms crossed on the
chest. In the first protocol, they were encouraged to fully
stand up and sit down landing firmly as fast as possible
five times without using the arms. In the STS_5r protocol,
the stopwatch started on the command “go” and stopped
at the end of the completed fifth stand, with results in
seconds (15). In STS_30s and STS_1min protocols, the
participants should stand up and sit down as many times
as possible for 30 s and 1min, respectively, with results in
number of repetitions. The stopwatch stopped when the
time was completed and only the fully stand ups was
counted (30). Participants were allowed to rest during the
test; however, the time in the stopwatch kept running.
The STS_5r protocol was considered as the sitting and
rising component of SPPB (28).

Short physical performance battery
The SPPB consists of three components: balance
assessment, walking speed at usual pace, and sitting
and rising in the chair 5 times. For balance, partici-
pants were instructed to remain 10 s in three standing
positions while they look to a fixed point in the wall.
The positions were feet together side-by-side, semi-
tandem (the toes of one foot aligned with the mid-
point of the other foot), and tandem (one foot in
front of the other, with the heel of the front foot in
contact with the toes of the back foot) (28). In the
semi-tandem and tandem positions, the participants
preference to choose which foot they would always
put behind were considered. Components of walking
speed and sitting and rising protocols were explained
above in the 4-Meter Gait Speed and Sit-to-Stand sec-
tions, respectively (8). Each component is scored from
0 to 4, with a total of 12 points (the higher the score
the better) (8,28).

Data analysis

Data were expressed as absolute and relative fre-
quency, mean ± standard deviation (SD) or median
[interquartile range 25–75%], as appropriate. Data
distribution was verified by the Shapiro–Wilk test.
Mann–Whitney test was used to investigate dis-
criminative validity by comparing the functional
tests results between asthmatic and control sub-
jects, using the best of two assessments for both.
Pearson and Spearman coefficients were used to
investigate convergent and discriminant validity.
For the convergent validity the functional tests
should correlate at least moderately with 6MWT
and peripheral muscle strength; moreover, for
divergent validity, weak to no correlations
(r< 0.40) with mental health outcomes and disease
control were expected.

Regarding reliability, Wilcoxon or Student’s t-test
were used to compare the performance between tests
pairwise of the sets. To assess the relative reliability,
we used a single measure of Intraclass Correlation
Coefficients (ICC) of absolute agreement and ran-
dom (for intra-rater) or mixed effects (for inter-
rater) with 95% confidence intervals. ICC values
were interpreted according to the following cutoff
points: <0.50 ¼ poor reliability; 0.50–0.75 ¼ moder-
ate reliability; 0.75–0.90 ¼ good reliability; >0.90 ¼
excellent reliability (31). For absolute reliability, the
variability measurement was determined by calculat-
ing the absolute and relative standard error of meas-
urement (SEM and SEM% respectively), the absolute
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(MDC) and relative (MDC%) values of MDC at 95%
confidence interval. The learning effects of each
functional test were also calculated. The formulas
used are the following (32,33):

SEM ¼ SD of 1stand 2ndtests � �ð1 – ICCÞ
SEM% ¼ ðSD of 1stand 2ndtests=mean of 1stand 2ndtestsÞ � 100

MDC ¼ 1:96 � SEM � �2
MDC% ¼ ðMDC=mean of 1stand 2ndtestsÞ � 100
Learning Effect ¼ 2ndtest–1sttest

Learning Effect% ¼ ð½2ndtest – 1sttest�=1sttestÞ � 100

The 95% limits of agreement with Bland–Altman
plots were also calculated to evaluate agreement

Figure 1. Flowchart of the study for asthma group.

Table 1. Characteristics of the sample and comparisons between the asthma group and the control group.
Asthma (n¼ 52) Controls (n¼ 52) p Value

Anthropometric data
Sex (men/woman) 20/32 22/30 0.691
Age (years) 47 [38–58] 47 [33–63] 0.733
Height (m) 1.63 ± 0.10 165 ± 11 0.255
Weight (kg) 71 [61–87] 68 [60–79] 0.097
Body mass index (kg/m2) 28 [24–33] 24 [22–27] 0.002

Lung function
FEV1 (L) 2.22 ± 0.71 3.17 ± 0.95 <0.0001
FEV1 (%predicted) 73 ± 17 99 ± 12 <0.0001
FEV1/FVC (%) 72 [65–77] 84 [81–88] <0.0001

Comorbidities
Charlson Index (points) 1 [1–2] 0 [0–0] <0.0001

Mental health
HADS anxiety (points) 8 [4–10] 5 [3–7] 0.003
HADS depression (points) 6 [2–9] 4 [2–6] 0.004

Exercise capacity
6MWT (m) 553 ± 92 612 ± 79 0.001
6MWT (%predicted) 98 ± 13 105 ± 10 0.003

Peripheral strength
Quadriceps strength (Kgf) 18 [15–25] NA NA
Handgrip strength (Kgf) 28 [24–40] NA NA

Systemic outcomes
IgE (IU/mL) 80.6 [12.9–332.4] NA NA
Eosinophil (cells/mcL) 286 [167–432] NA NA

Asthma medications
ICS dose (mcg-d) 490 [123–490] NA NA
LABA dose (mcg-d) 24 [12–24] NA NA

Asthma control
ACT (points) 21 [17–23] NA NA
General exacerbations (n/%) 37/71 NA NA
Exacerbation with hospitalization (n/%) 8/15 NA NA

Level of dyspnea
mMRC (points) 1 [0–2] NA NA

Quality of life
AQLQ (points) 5.1 [4.2–5.8] NA NA

Data are presented as absolute or relative value, mean ± SD or median [interquartile range 25%–75%]. FEV1: forced expiratory volume in the 1st second;
FVC: forced vital capacity; HADS: Hospital Anxiety and Depression Scale; 6MWT: Six-Minute Walking Test; Kgf: Kilograms force; IgE: Immunoglobulin E;
ICS: inhaled corticosteroids; LABA: Long Action B2-Agonist (equivalent dose for Beclometasone) [34]; ACT: Asthma Control Test; General exacerbations:
number of participants who had asthma exacerbation in the last year; Exacerbation with hospitalization: number of participants who were hospitalized
due to asthma exacerbation in the last year; mMRC: modified Medical Respiratory Council; AQLQ: Asthma Quality of Life Questionnaire; NA: not applic-
able. p Values: comparisons between Asthma group vs Control group.

Bold values highlight statistically significant results.
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between the trials. p Values <0.05 was considered
significant.

Results

Of the 236 patients with asthma assessed for eligibility,
73 complied with inclusion criteria and 52 were ana-
lyzed. Reasons for exclusions are shown in Figure 1.
Regarding the controls, data from 52 subjects matched
by age and sex with the 52 asthmatic subjects were
taken from another database (unpublished data). The
majority of patients with asthma were composed of
middle-aged and overweight women with limited

pulmonary function. Regarding the treatment levels,
39% of the patients were at step 5, 37% at step 4, 12%
at step 3, 4% at step 2, and 8% at step 1, according to
GINA (2,34). The asthma group had a prevalence of
48% of rhinitis, 44% of sinusitis, 35% of gastroesopha-
geal reflux, and 8% obstructive sleep apnea. People
with asthma had a median of 2[0–3] exacerbations in
the last year. Other characteristics of the two groups
are described in Table 1 and the results of the best
functional test are shown in Table 2.

Regarding discriminative validity, patients with
asthma had worse performance in the functional tests
compared to controls, except for SPPB which was not

Table 2. Comparisons of functional testes performed by people with asthma and controls (discriminative validity).
Functional tests Asthma (n¼ 52) Controls (n¼ 52) p Value

SPPB (points) 12 [11–12] 12 [12–12] 0.259
4MGS_usual (s) 4.14 [3.48–4.68] 3.52 [3.11–4.12] 0.002
4MGS_max (s) 2.96 [2.64–3.36] 2.56 [2.32–2.89] <0.0001
STS_5r (s) 8.91 [7.71–10.83] 7.81 [6.90–9.31] 0.008
STS_30s (repetitions) 14 [12–18] 17 [15–19] 0.006
STS_1min (repetitions) 28 [24–33] 35 [30–40] <0.0001
TUG_usual (s) 9.40 [8.27–11.17] 7.98 [7.15–9.52] <0.0001
TUG_max (s) 7.05 [6.20–8.22] 5.89 [5.21–7.11] <0.0001
The best of the first two functional tests were considered in both groups. Data are presented as absolute value or median [interquartile range
25%–75%]. SPPB: Short Physical Performance Battery; 4MGS_usual: 4-Meter Gait Speed usual; 4MGS_max: 4-Meter Gait Speed maximum; STS_5r: 5-repe-
titions Sit-To-Stand; STS_30s: 30-s Sit-To-Stand; STS_1min: 1-min Sit-To-Stand; TUG_usual: Timed Up-and-Go usual; TUG_max: Timed Up-and-
Go maximum.

Bold values highlight statistically significant results.

Table 3. Correlations of functional tests and other outcomes in people with asthma for convergent and divergent validities.
6MWT Quadriceps strength Handgrip strength AQLQ ACT

SPPB
r 0.61 0.39 0.50 �0.14 0.02
p value <0.0001 0.006 <0.0001 0.309 0.907

4MGS_usual
r 20.64 20.30 20.52 0.02 �0.14
p value <0.0001 0.040 <0.0001 0.881 0.341

4MGS_max
r 20.67 20.44 20.63 0.07 �0.02
p value <0.0001 0.002 <0.0001 0.624 0.866

STS_5r
r 20.56 20.34 20.49 �0.08 �0.13
p value <0.0001 0.018 <0.0001 0.581 0.344

STS_30s
r 0.45 0.34 0.43 0.11 0.13
p value 0.001 0.020 0.002 0.429 0.375

STS_1min
r 0.48 0.32 0.41 0.08 0.09
p value <0.0001 0.028 0.003 0598 0.514

TUG_usual
r 20.62 20.43 20.49 0.14 0.02
p value <0.0001 0.002 <0.0001 0.324 0.876

TUG_max
r 20.61 20.40 20.49 0.06 �0.17
p value <0.0001 0.005 <0.0001 0.688 0.243

ACT: Asthma Control Test; AQLQ: Asthma Quality of Life Questionnaire; SPPB: Short Physical Performance Battery; 4MGS_usual: 4-Meter Gait Speed usual;
4MGS_max: 4-Meter Gait Speed maximum; STS_5r: 5-repetitions Sit-To-Stand; STS_30s: 30-s Sit-To-Stand; STS_1min: 1-min Sit-To-Stand; Rep: repetitions;
TUG_usual: Timed Up-and-Go usual; TUG_max: Timed Up-and-Go maximum; 6MWT: Six-Minute Walking Test.

Bold values highlight statistically significant results.
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statistically different (Table 2). Most of the correla-
tions between the functional tests and 6MWT and
peripheral muscle strength were moderate, what fea-
tures the convergent validity. None of the functional
tests had significant correlations with quality of life
(measured by AQLQ) neither with the level of asthma
control (assessed by ACT), which contemplates the
divergent validity (Table 3).

Regarding reliability, the comparisons between tes-
t–retest and inter-rater tests are described in Table 4.
Only 4MGS_usual, STS_30s and STS_1min were dif-
ferent between test and retest (intra-rater), while
4MGS_usual, STS (the 3 protocols) and TUG_usual
were statistically different between inter-rater tests.
Table 4 also shows that all functional tests presented
good intra-rater reliability, with high ICC values
(�0.75). Inter-rater reliability was also good except for
both 4MGS_usual and 4MGS_max. Values of SEM,
MDC, and learning effect are provided in Table 5.
The random measurement error and systematic error
in test retest (intra-rater) and inter-rater assessments
can be visualized on the Bland–Altman plots (sup-
porting information Figures S1 and S2, respectively).

All functional tests required small spaces, cheap
equipment, and had short duration. Moreover, there
were no important clinical adverse events during or

after the tests. Among all of them, the 4MGS was the
test which required the larger space � 4 meters for
the actual test plus approximately 1 m after the cone
for the walking deceleration. The more time-consum-
ing test was the SPPB, which took approximately
4min for instructions and performance of its
3 components.

Discussion

Validity

This is the first study to investigate different measure-
ment properties of the 4MGS, TUG, STS, and SPPB
in adults with asthma, and the sample size agrees with
Cosmin recommendations (minimum of 50) (35). All
functional tests have shown to be valid to assess func-
tional capacity in this population, using three specific
types of validation which encompass the construct val-
idity class. The comparison of functional tests between
people with and without asthma showed the SPPB as
the only test that did not differ between groups. This
possibly happened because of a celling effect due to
the scoring system of this test, which only goes up to
12 points and seems to be easily reached by people
without important physical impairments, such as

Table 4. Results of the three sets of functional tests and relative reliability in people with asthma.
Functional tests Test Retest Inter-rater ICC intra-rater ICC inter-rater

SPPB (points) 12 [10–12] 12 [11–12] 12 [11–12] 0.75 (0.56–0.86) 0.75 (0.56–0.86)
4MGS_usual (s) 4.53 [3.82–4.96] 4.25 [3.48–4.76]� 4.06 [3.72–4.55]† 0.86 (0.73–0.92) 0.58 (0.26–0.76)
4MGS_max (s) 3.07 [2.72–3.88] 3.05 [2.81–3.50] 3.12 [2.78–3.72] 0.83 (0.70–0.90) 0.46 (0.08–0.68)
STS_5r (s) 9.79 [8.10–11.52] 9.42 [7.92–11.05] 9.20 [7.53–11.37]† 0.84 (0.72–0.90) 0.86 (0.75–0.92)
STS_30s (repetitions) 14 [11–16] 14 [12–17]� 14 [12–16]† 0.91 (0.81–0.95) 0.86 (0.73–0.93)
STS_1min (repetitions) 25 [22–29] 27 [23–33]� 27 [23–32]† 0.87 (0.73–0.93) 0.80 (0.62–0.89)
TUG_usual (s) 9.86 [8.93–11.69] 9.58 [8.40–11.42] 9.17 [8.50–10.69]† 0.90 (0.82–0.94) 0.76 (0.56–0.87)
TUG_max (s) 7.27 [6.41–8.56] 7.45 [6.44–8.35] 7.47 [6.75–8.13] 0.91 (0.84–0.95) 0.83 (0.70–0.90)

Functional tests results presented as median [interquartile range 25%–75%]; ICC presented as absolute value (95% Confidence Interval). SPPB: Short
Physical Performance Battery; 4MGS_usual: 4-Meter Gait Speed usual; 4MGS_max: 4-Meter Gait Speed maximum; STS_5r: 5-repetitions Sit-To-Stand;
STS_30s: 30-s Sit-To-Stand; STS_1min: 1-min Sit-To-Stand; TUG_usual: Timed Up-and-Go usual; TUG_max: Timed Up-and-Go maximum; ICC: Intraclass
Correlation Coefficient.�Estatistically significant difference (p< 0.05) between the 1st and 2nd sets of functional tests (intra-rater).

†Estatistically significant difference (p< 0.05) between the 1st and 3rd sets of functional tests (inter-rater).
There were no differences between retest and inter-rater tests (p> 0.05 for all).

Table 5. Standard error of measurement (SEM), minimal detectable change (MDC), and learning effect of functional tests in
subjects with asthma.
Functional tests SEMa SEM% MDCa MDC% Learning effecta Learning effect (%)

SPPB (points) 0.61 11 1.68 15 0.15 ± 1.09 2.0 ± 11.5
4MGS_usual (s) 0.33 20 0.91 21 �0.14 ± 0.52 2.7 ± 10.3
4MGS_max (s) 0.28 21 0.79 24 �0.07 ± 0.53 0.4 ± 14.3
STS_5r (s) 1.11 28 3.07 31 �0.52 ± 2.02 3.4 ± 17.5
STS_30s (repetitions) 1.31 30 3.64 25 1.14 ± 2.31 8.7 ± 15.8
STS_1min (repetitions) 2.88 29 7.99 29 1.85 ± 6.10 6.8 ± 25.2
TUG_usual (s) 0.60 19 1.67 16 �0.15 ± 1.16 1.3 ± 11.8
TUG_max (s) 0.50 22 1.37 18 �0.07 ± 0.98 0.2 ± 13.1
aSEM, MDC, and learning effect presented as units of measurement of each test; SEM%, MDC%, and learning effect (%) presented as percentage. Values
based on the first two sets of functional tests. SEM: standard error of measurement; MDC: minimal detectable change; SPPB: Short Physical Performance
Battery; 4MGS_usual: 4-Meter Gait Speed usual; 4MGS_max: 4-Meter Gait Speed maximum; STS_5r: 5-repetitions Sit-To-Stand; STS_30s: 30-s Sit-To-
Stand; STS_1min: 1-min Sit-To-Stand; TUG_usual: Timed Up-and-Go usual; TUG_max: Timed Up-and-Go maximum.
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people with mild asthma, who were also included in
this study. Noteworthy, this is the first study to com-
pare and show that most of the functional tests were
significantly worse in people with asthma, which
means they can discriminate groups of subjects who
are supposed to be different (discriminative validity).
Even the 6MWT, despite reflecting a preserved exer-
cise capacity, presented worse results in people with
asthma. This is in agreement with a recent clinical
trial, which showed that a group of asthmatics also
presented a normal range of 6MWT in terms of pre-
dicted values (36).

The present study also showed mild-to-moderate
correlations between functional tests, 6MWT and per-
ipheral muscle strength, which characterizes the con-
vergent validity (37). The 4MGS, TUG, and STS tests
have been shown to correlate with 6MWT and per-
ipheral muscle strength in other populations
(15,38,39). For instance, Puhan et al. found a moder-
ate correlation (r¼ 0.45) between the 1-min STS and
handgrip strength in people with Chronic Obstructive
Pulmonary Disease (14)

To complete the validation component, as expected,
mental health and level of asthma control were not
significantly correlated with functional tests in the
present study, what proves that these instruments
have different constructs and that the functional tests
do not measure other aspects than those intended
(divergent validity) (40).

Reliability and agreement

The ICCs showed good-to-excellent reliability in almost
all functional tests, including those with statistical dif-
ferences in the comparison between sets. Only the
4MGS protocols presented poor-to-moderate inter-rater
ICC. The ICC is the most used test to assess reliability,
since it reflects both degree of correlation and agree-
ment between the measurements (31). Therefore, we
tend to conclude that all tests present good intra-rater
reliability but the 4MGS does not seem to be reliable
inter-rater. The inter-rater reproducibility of this test
should be better studied in future studies; meanwhile
we suggest that the same rater applies this test in a
reassessment condition in clinical practice.

The MDC represents the minimal amount of change
that can be considered as the “real” difference, so that
is not likely to be due to chance variation in measure-
ment (41). The smaller the MDC, the more reliable are
the measurements, although there is no cutoff point to
establish a good MDC% (41). In this study, MDC val-
ues were smaller than the variability of measurement

for all tests (see 95% limits of agreement in supporting
information Figure S1) and a considerable learning
effect was observed, which was larger in STS_30s and
STS_1min tests (9% and 7%, respectively). These find-
ings suggest that the best of two measurements should
be used as the result in all tests.

Moreover, in the present study, the MDC% of the
functional tests ranged from 15 to 31%, which is con-
sistent with previous studies. Mesquita et al. (33)
showed a MDC of 14% for TUG_usual in patients
with Chronic Obstructive Pulmonary Disease, while
16% was found in the present study. Another study
reported absolute values of SEM and MDC for
patients undergoing hemodialysis that are similar to
the ones found in the present study for the SPPB
(SEM: 0.72 vs 0.61; MDC: 1.7 vs 1.7, respectively) and
TUG_usual (SEM: 1.24 vs 0.60; MDC: 2.9 vs 1.7,
respectively) (42).

Feasibility

Even the functional tests that used the largest space
and were more time-consuming in the present study
(4MGS and SPPB, respectively), still require smaller
space and were less time-consuming than other tests,
such as the 6MWT. Moreover, all the investigated
functional tests are easy to perform since they require
few and accessible equipment and use familiar move-
ments. Because of these characteristics, patients might
be more comfortable and confident with these simple
tests than with more time-consuming and challenging
tests such as the Incremental Shuttle Walk Test. In a
recent study, people with asthma slightly improved at
each Incremental Shuttle Walk Test until the third
repetition, probably because initially they were afraid
of exacerbating (43). Finally, all the investigated func-
tional tests have shown to reflect the functional cap-
acity and peripheral muscle strength in adults with
asthma, and our hypothesis were confirmed. This
topic is an area for future research and these tests can
be easily used in the clinical practice.

Study limitations

Although the Cosmin recommendations consider a
sample size above 50 subjects as acceptable, it is
known that a sample above 100 subjects is considered
as optimum. Therefore, it is reasonable to consider
that sample size is a limitation in the present study,
although we believe this limitation did not substan-
tially influence the results. Another limitation is the
large variability in disease severity; on the other hand,
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a heterogeneous sample may increase the external val-
idity of the study.

Conclusion

In general, the functional tests 4MGS, TUG, STS, and
SPPB showed to be valid, reliable, and feasible to
assess adults with asthma, and MDCs of these tests
were provided. These functional tests should be per-
formed twice because of the learning effect and
the variability of the measurements in this population.
These functional tests are a quick and practical
alternative for assessing functional capacity in
this population.
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Figure S1. Bland and Altman plots of the difference against the mean of the first and 

second sets of functional tests (intra-rater). Mean: the average difference between the two 



tests; UL: Upper limit of agreement; LL: Lower limit of agreement. (A) SPPB: Short 

Physical Performance Battery; (B) 4MGS_usual: 4-Meter Gait Speed usual; (C) 

4MGS_max: 4-Meter Gait Speed maximum; (D) STS_5r: 5-repetitions Sit-To-Stand; (E) 

STS_30s: 30-seconds Sit-To-Stand; (F) STS_1min: 1-minute Sit-To-Stand; Rep: 

repetitions; (G) TUG_usual: Timed Up-and-Go usual; (H) TUG_max: Timed Up-and-Go 

maximum.  

n=51 people analysed in STS_30s and STS_1min, and 52 people in the other tests. 

 

 



 

Figure S2. Bland and Altman plots of the difference against the mean of the first and 

third sets of functional tests (inter-rater). Mean: the average difference between the two 

tests; UL: Upper limit of agreement; LL: Lower limit of agreement. (A) SPPB: Short 

Physical Performance Battery; (B) 4MGS_usual: 4-Meter Gait Speed usual; (C) 



4MGS_max: 4-Meter Gait Speed maximum; (D) STS_5r: 5-repetitions Sit-To-Stand; 

(E) STS_30s: 30-seconds Sit-To-Stand; (F) STS_1min: 1-minute Sit-To-Stand; Rep: 

repetitions; (G) TUG_usual: Timed Up-and-Go usual; (H) TUG_max: Timed Up-and-

Go maximum.  

n=51 people analysed in all the tests. 
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