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Abstract: Step tests are important in community- and home-based rehabilitation programs to assess
patients” exercise capacity. A new incremental step test was developed for this purpose, but its
clinical interpretability is currently limited. This study aimed to establish a reference equation for
this new incremental step test (IST) for the Portuguese adult population. A cross-sectional study was
conducted on people without disabilities. Sociodemographic (age and sex), anthropometric (weight,
height, and body mass index), smoking status, and physical activity (using the brief physical activity
assessment tool) data were collected. Participants performed two repetitions of the IST and the best
test was used to establish the reference equation with a forward stepwise multiple regression. An
analysis comparing the results from the reference equation with the actual values was conducted with
the Wilcoxon test. A total of 155 adult volunteers were recruited (60.6% female, 47.8 & 19.7 years), and
the reference equation was as follows: steps in IST = 475.52 — (4.68 X age years) + (30.5 X sex), where
male = 1 and female = 0, and r2 = 60%. No significant differences were observed between the values
performed and those obtained by the equation (p = 0.984). The established equation demonstrated
that age and sex were the determinant variables for the variability of the results.

Keywords: exercise tests; exercise tolerance; step mode testing; interpretability

1. Introduction

The assessment of exercise capacity is a common component in preventive and reha-
bilitation programs to detect changes in physical function, especially in exercise tolerance
function, and, consequently, to establish prognosis [1,2]. It also provides parameters for
the prescription of exercise programs and response to intervention [3]. Cardiopulmonary
exercise testing (CPET) is considered the gold standard method used to assess exercise ca-
pacity, by providing a measure of the maximum oxygen consumption (VO;max), which in
turn is the gold standard measure for the assessment of cardiorespiratory fitness (CRF) [4].
Treadmills and cycle ergometers are indicated to assess CRF [1]; however, their use is
not always feasible in all settings where rehabilitation programs can be implemented [5],
especially in community- [6-8] and home-based [9-11] programs, because they have high
costs and require both specialized instruments and trained personnel [1]. To overcome
these limitations, field tests can be more affordable, simple to apply, and better related
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to patients” demands during activities of daily living [2,12]. Because of this, step tests
are a suitable alternative which, in addition to the advantages mentioned above, require
little equipment (an easily transportable platform), and the stepping skill requires little
practice [1]. Additionally, step tests with an incremental and externally paced profile can
provide a maximal cardiorespiratory response [13].

Recently, a new incremental step test was developed for patients with COPD with
promising results for their measurement properties (correlation values of 0.50 and 0.46 for
construct validity and ICC = 0.96 for reliability) and its application proved to be feasible
in the home environment because this data collection was performed at participants’
homes [14]. This test is composed of an incremental profile using a digital recording with a
timed metronome step cadence through 15 levels of step cadence, each of a 1-min duration.
The timed metronome sets the step cadence, which starts at 10 steps/minute and increases
2 steps/minute every 1 min, with a step cadence maximum of 38 steps/minute (level 15).
According to these characteristics and the good results on their measurement properties
in the COPD population, its general application for other clinical populations (e.g., other
chronic respiratory diseases and cardiac diseases) seems to be recommended, along with
the assessment of the respective measurement properties [15].

In addition to the measurement properties, the clinical interpretability of field tests is
also important and transversal to all clinical populations, providing a clear interpretation of
their performances through comparisons, for example, with reference equations generated
from data of apparently healthy populations [16]. This also yields a definition of the utility
of this new step test as an outcome measure of exercise capacity and assess the effectiveness
of interventions [15]. Currently, the clinical interpretability of this new incremental step test
is unknown. Therefore, the need to produce a country-specific reference equation based on
its performance is important. This study aims to establish a reference equation of this new
incremental step test (IST) to assess exercise capacity in the Portuguese adult population.

2. Materials and Methods
2.1. Study Design

This cross-sectional study was conducted between April 2021 and November 2022 in
people without disabilities. Ethical approval for this study was obtained from the Ethics
Committee of the School of Health—Polytechnic Institute of Porto (E0134, 13 April 2020).
This study was also registered at ClinicalTrials.gov (registry number NCT04801979).

2.2. Participants

The study was conducted on people without disabilities in the north of Portugal. Each
investigator responsible for the data collection advertised the study in their hometown
and the surrounding areas. Interested participants contacted each investigator directly to
participate in the study. According to another study in which it also determined reference
equations for field tests for Portuguese adults [17], to achieve maximum representativeness
from community-dwelling people, participants aged equal to or above 18 years and both
sexes, with the most prevalent age-related conditions (e.g., hypercholesterolemia, hyperten-
sion, and diabetes) were included in the study [18]. The exclusion criteria were the presence
of one or more of the following conditions: acute (within the past 4 weeks) or chronic
respiratory disease; cardiac disease; signs of cognitive or neuromuscular impairment; and
significant musculoskeletal disorder (e.g., ankylosing spondylitis) that could interfere with
the ability to perform the step test. Subjects using walking aids were also excluded.

2.3. Data Collection

Sociodemographic (age and sex), anthropometric (weight, height, and body mass
index [BMI]), clinical (comorbidities and smoking status, i.e., current smoker, past smoker,
or never smoker), and physical activity (PA) data were collected. PA was assessed using
the brief physical activity assessment tool [19]. This tool consists of two questions that
consider the frequency and duration of moderate and vigorous PA during a usual week.
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Each question is rated in a 1-4 scale. Total scores vary from 0 to 8 and they yield further
classification of the individual as “insufficiently active” (score 0-3) or “sufficiently active”
(score > 4) [17]. These classification categories showed good construct validity (0.394 < p
< 0.435;0.36 < k < 0.64; 0.5 < sensitivity < 0.75, 0.74 < specificity < 0.91) in patients with
various health conditions [19-21].

Age, sex, height, weight, BMI, smoking status, and PA were chosen as independent
variables for the development of the reference equation due to their simple collection in
clinical practice and have been included in previous reference equations for other field tests
(e.g., 6-min walk test and incremental shuttle walk test) [16].

Participants performed two repetitions of the IST with a minimum rest period of
30-min between them. Data were collected by physiotherapy final year undergraduate
students under the coordination of trained physiotherapists with experience in applying
field tests to assess exercise capacity. The best test (highest number of steps) was used in
the analysis. Due to the COVID-19 pandemic, all subjects participating in the study used a
face mask. Although some of the available literature suggests that negative effects of using
face masks during exercise in healthy individuals are negligible and unlikely to impact
exercise tolerance significantly [22,23], some studies found a negative impact which results
in decreased exercise performance [24,25]. However, the use of face masks was a factor
expressed by most of participants in order to participate in data collection.

2.4. Incremental Step Test

The IST was designed to provide an incremental profile by using a digital record-
ing with a timed metronome step cadence and a 20 cm tall platform (Max Aerobic step,
Mambo, Tisselt, Belgium). The test consists of 15 levels, each of a 1-min duration. The
timed metronome sets the step cadence, which starts at 10 steps/minute and increases 2
steps/minute every 1 min, with a step cadence maximum of 38 steps/minute (level 15).
The maximum test duration is 15 min [14]. Heart rate (HR) and SpO;(%) were monitored
during the tests with a pulse oximeter (PalmSAT 2500 Series, Nonin Medical, Minnesota,
USA). The criteria to stop the test were as follows: unable to maintain the required step
cadence for 10 s; requested by the participant; if abnormal physiological responses oc-
curred (i.e., persistent peripheral oxygen saturation <85%); and reported symptoms of
exertion intolerance (e.g., chest pain, intolerable dyspnea or leg fatigue, dizziness, vertigo,
and pallor).

2.5. Sample size and Data Analysis

For this study, the sample size for multiple linear regression to establish the reference
equation of the IST was determined according to Green’s (1991) recommendations [26]:

N>50+8m, 1)

where N is the total sample size and m is the number of independent variables. Because
seven independent variables (age [numerical], sex, height, weight, BMI, smoking sta-
tus, and PA) were considered, a minimum of 106 participants was necessary during the
recruitment phase.

The statistical analysis was performed using SPSS version 27.0 (IBM Corporation,
Armonk, NY, USA). The level of statistical significance was set at p < 0.05. The normality
of data distribution was verified using the Kolmogorov-Smirnov or Shapiro-Wilk tests.
Descriptive statistics were used to describe the samples, and the data are presented as mean
=+ standard deviation or median [percentile 25-75]. Comparisons between age decades
were explored using the Kruskal-Wallis test with Bonferroni’s correction.

The development of the reference equation was performed using a random selection of
80% of the included participants. According to the analysis of data normality, Spearman’s
correlation coefficients were calculated to explore the association between the dependent
variable (number of steps) and the independent variables (age, sex, height, weight, BMI,
smoking status, and PA). The strength of the correlations was classified according to British
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Medical Journal guidelines: significant correlation coefficients of 0-0.19 as very weak;
0.2-0.39 as weak; 0.4-0.59 as moderate; 0.6-0.79 as strong; and 0.8-1 as very strong [27].
The dependent variables that were significantly correlated with the independent variables
were suited in a further selection stepwise multiple regression. The assumptions of the
multiple regression were confirmed, namely the linear relationship between the dependent
and independent variables, absence of multicollinearity within the independent variables,
homoscedasticity, outliers, and normality of residuals) and r?> was used to assess the
performance of the model. The validity of the reference equation created was further
assessed with the remaining 20% of the sample and it consisted of comparing the results
achieved and those predicted by the equation with the Wilcoxon signed-rank test.

3. Results

In total, 176 volunteers were recruited, and 14 participants were excluded due to the
presence of a respiratory disease (n = 3), musculoskeletal disease (1 = 6), status of long-
COVID-19 (n = 4), and the use of walking aids (1 = 1). From these 162 participants, 7 were
excluded for presenting persistent high levels of BP before the performance of the step test.
Therefore, 155 adults participated in the study (60.6% female; mean age, 47.8 & 19.7 years;
minimum age, 19 years; maximum age, 93 years). Most were non-smokers (63.2%), the
mean of BMI was classified as normal (24.9 + 3.6 kg/m?) [28], and the BMI minimum and
maximum were 17 and 37 kg/m?, respectively. According to PA scores, 85 participants
(54.8%) were classified as insufficiently active and the others 70 participants (45.2%) were
classified as sufficiently active (Table 1).

Table 1. Characteristics of participants.

Characteristics

Reference Equation Sample

Total Sample (n = 155) (80%, 1 = 124)

Validity Sample (20%, n = 31)

Age, years (min; max)

Sex, female, 1 (%)
Height, m
Weight, kg

BMI, kg/ m?2 (min; max)

Smoking status, n (%)
Current smokers
Past smokers
Never smokers
Physical activity (score 0-8)

Physical activity category, n (%)

Insufficiently active
Sufficiently active

478 +19.7 483 +19.8 51.1 +21.4
(19; 93) (19; 93) (22; 89)
94 (60.6) 75 (60.5) 18 (58.1)
1.66 & 0.1 1.66 & 0.1 1.67 +£0.1
68.7 £ 13.2 68.1 £ 13.0 71.0 £ 115
249 +36 246 +36 254435
(17; 37) (17; 37) (20; 32)
31 (20.0) 22 (17.7) 6 (19.4)
25 (16.1) 23 (18.5) 5 (16.1)
98 (63.2) 78 (62.9) 20 (64.5)
3[1-4] 2 [1-4] 2[1-4]
85 (54.8) 69 (55.6) 19 (61.3)
70 (45.2) 55 (44.4) 12 (38,7)

Data are expressed as mean + standard deviation, absolute frequency (%), or median [interquartile range], unless
otherwise stated. Legend: min, minimum; max, maximum; BMI, body mass index.

3.1. Performances on the Incremental Step Test by Age Decade

Participants (n = 155) performed a mean of 328 [170; 360] steps in the IST. Table 2
shows the median values of performance for the IST by age decade. Performance in the IST
was found to decrease with age (p < 0.001) (Table 2).
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Table 2. Median values of performances on the incremental step test by age decade.
Age Groups (Years)
Total (1 = 155) 18-29 30-39 40-49 50-59 60-69 70-79 >80
(n = 33) (n=27) (n = 25) (n =29) (n =10) (n=19) (n=12)
IST'S?e‘g;‘ber 360 [360,360] 2 360 [329-360] @ 303 [272-360]®  300[235-320] 183 [118-288]¢  97[21-137] ¢ 50 [13-61] ©
Data are expressed as median [interquartile range]. Legend: IST, incremental step test. # Different from 60-69,
70-79 and >80 years. ? Different from 70-79 and >80 years. ¢ Different from 18-29 and 30-39 years. 9 Different
from all age groups, except 60-69 and >80 years. ¢ Different from all age groups, except 60-69 and 70-79 years.
3.2. Reference Equation
According to 80% of the sample (n = 124) and based on the best performance in the
IST, the reference equation was developed. There were significant correlations between the
number of steps in the IST and age (r = —0.68, strong correlation, p < 0.001), sex (r = 0.11,
very weak correlation, p = 0.04), and height (r = 0,33, weak correlation, p < 0.001), but
not weight, smoking status, BMI, and PA (p > 0.05). The model of the stepwise multiple
regression showed that age and sex explained 60% (p < 0.001) of variability in the IST
(Table 3). The reference equation for the number of steps was:
Number of steps (IST) = 475.52 — (4.68 X age years) + (30.5 x sex),
_ Z ()
where male = 1 and female = 0.
Table 3. Multiple linear regression analysis with the incremental step test.
Unstandardized Coefficients Standz'u'.d ized
Coefficients
SE of
2 o,
r B SE B 95% CI p value estimate
IST 0.60
Constant 475.52 19.0 4379 t0 513.1
Age —4.68 0.35 -0.76 —54to —4.0 <0.001 77.9
Sex 30.50 14.20 0.12 2.39 to 58.62 0.03

Legend; IST, incremental step test; B, unstandardized coefficients; 3, beta (standardized coefficient); CI, confidence
interval; SE, standard error.

3.3. Validity of the Reference Equation

According to 20% of the sample (n = 31), no significant differences (p = 0.984) were
observed between the actual values performed by participants (319 [141; 360] steps) and
those obtained by the equation (290 [173; 339] steps).

4. Discussion

This study determined a reference equation for IST performance and showed that
the variability of results was explained by sex and age. It is important to mention that
these values were obtained from participants over a wide range of ages between 19 and
93 years. The inclusion of age as a determinant variable for the variability of results was
expected because the aging process causes skeletal muscle contractile function loss [29] and
lower oxygen consumption [30], leading to a worse exercise capacity. Another explanation
for these results is the greater probability of the difficulty for older adults to negotiate
stairs as a marker of functional decline, which can influence the performance in step mode
testing. This difficulty is not only associated with reduced lower-limb strength, but also
with reduced sensation and balance, and an increased fear of falling [31]. In fact, age has
been the most indicated predictor of performance in exercise field tests, namely in other
steps tests [32-34], walking tests [16,17,35], and upper-limb exercise tests [17].

We also expected that sex could influence the performance of the IST. Sex is con-
sidered a strong predictor of exercise capacity [36] that is consistently observed in refer-
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ence equations for the prediction of exercise capacity in field tests, especially in walking
tests [35,37,38] and step tests [32-34].

On the other hand, we expected that other independent variables could influence
the performance of the IST, highlighting body composition. Body composition, through
anthropometric measures, can be a determinant variable in the assessment of exercise
capacity [39]; however, the variables used in our study (weight, height, and BMI) did not
influence performance in the IST. We hypothesized that weight could be a predictor of a
smaller number of steps performed. Overweight, associated with more fat accumulation,
increases the workload on horizontal (walking) and vertical displacements, which normally
occur during step mode testing [40—42]. Despite the controversy over whether BMI is the
best measure of obesity, BMI ranges are still based on excess body fat [28]. As such, it
was expected that this variable also could negatively influence performance in terms of
the number of step tests; however, this was not observed in our reference equation. The
lack of variability in BMI values in our sample was not a limitation for this observation
because the participants included in the development of the reference equation (80% of
participants) presented a wide variety of BMI values (minimum of 17 and maximum of
37 kg/m?). Although it could be argued that the inclusion of patients with a lower (<18.5
kg/m?: underweight) and higher ( > 30 kg/m?: obese) BMI introduced a bias because
reference values should be derived from apparently healthy individuals, the main aim of
our study was to achieve maximum representativeness from community-dwelling people.
There is no consensus in the literature regarding the inclusion of participants with the
lowest and highest BMI values for the determination of reference equations for field test
where these participants had been excluded from some studies [32,35,38] but not from
others [33,43].

The absence of differences between the number of steps achieved by participants and
those predicted by the equation in 20% of participants of our sample is considered a strength
in our study, suggesting that this equation is valid and can be applied in clinical practice.
Another important strength was the accomplishment of the sample size calculated prior to
the study, despite the restrictions due to the COVID-19 pandemic during data collection.
Additionally, this equation was developed using only age and sex variables, facilitating
its direct translation to clinical practice. However, the inclusion of other variables, such
as peripheral muscle strength, to explore their influence in the performance of the IST
is important in future studies. Additionally, in future studies, a larger sample size is
important to determine normative values for the IST, contributing to greater information
on its clinical interpretability.

This study has limitations that are important to mention. Firstly, the use of a con-
venience sample might have affected the results. More efforts are necessary to recruit
participants from different settings and geographical locations to obtain a representative
sample because our data collection was only performed in the north of Portugal. Despite
the results from this study being obtained from participants over a wide range of between
19 and 93 years of age, it is important to mention that the number of participants in each
age decade was not proportional, in which a lower number of participants were observed
in the older decades. More participants in older decades are equally important, especially
for the determination of normative values.

This is the first study to develop a reference equation for the IST in the Portuguese
adult population and, to the best of our knowledge, one of the only studies to determine
a national reference equation based on the performance of a step test (number steps). In
fact, in the literature, most of the reference equations for step tests are developed with the
intent to predict cardiorespiratory fitness, based on the estimation of maximum oxygen
uptake [1,44-46]. Equations based on the performance of field tests provide advantages
in clinical practice, yielding the utility of these tests as an outcome measure of exercise
capacity. In addition, they provide an easy interpretation of patients’ exercise capacity and
prognosis in different conditions/diseases.
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5. Conclusions

The established reference equation for the IST demonstrated that age and sex were
the determinant variables for the variability of the results. This study also demonstrated
that there were no differences between the actual values performed by participants and
those obtained by the equation. These results will help to detect people with a lower
exercise capacity, yielding the development of exercise programs and the assessment of
their effectiveness.

Author Contributions: Conceptualization, R.V. and A.M.M.; methodology, R.V., C.C. and AM.M,;
software, R.V,; validation, C.C. and A.M.M.; formal analysis, R.V., C.C. and A.M.M.; investigation,
RV, AT, CS,EM., LT,LM, TG, CM., C.C. and AM.M.; resources, C.C.; data curation, R.V.;
writing—original draft preparation, R.V,, A.T., C.S,, EM,, L.T. and L.M.; writing—review and editing,
CM.,, C.C. and AM.M,; visualization, C.C. and A.M.M.; supervision, C.C. and A.M.M.; project
administration, R.V. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Decla-
ration of Helsinki and approved by the Ethics Committee of the School of Health—Polytechnic
Institute of Porto (protocol code E0134, date of approval: 13 April 2020). The study was registered at
ClinicalTrials.gov (registry number NCT04801979).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: The data are available upon request from the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

ACSM. American College of Sports Medicine’s Guidelines for Exercise Testing and Prescription; Lippincott Williams & Wilkins:
Philadelphia, PA, USA, 2013.

Bui, K.L.; Nyberg, A.; Maltais, F,; Saey, D. Functional Tests in Chronic Obstructive Pulmonary Disease, Part 1: Clinical Relevance
and Links to the International Classification of Functioning, Disability, and Health. Ann. Am. Thorac. Soc. 2017, 14, 778-784.
[CrossRef] [PubMed]

Palange, P.; Ward, S.A.; Carlsen, K.-H.; Casaburi, R.; Gallagher, C.G.; Gosselink, R.; O’'Donnell, D.E.; Puente-Maestu, L.; Schols,
A.M.; Singh, S.; et al. Recommendations on the use of exercise testing in clinical practice. Eur. Respir. ]J. 2007, 29, 185-209.
[CrossRef] [PubMed]

Harber, M.P.; Kaminsky, L.A.; Arena, R.; Blair, S.N.; Franklin, B.A.; Myers, J.; Ross, R. Impact of Cardiorespiratory Fitness on
All-Cause and Disease-Specific Mortality: Advances Since 2009. Prog. Cardiovasc. Dis. 2017, 60, 11-20. [CrossRef] [PubMed]
Rochester, C.L.; Vogiatzis, I.; Holland, A.E.; Lareau, S.C.; Marciniuk, D.D.; Puhan, M.A; Spruit, M. A.; Masefield, S.; Casaburi,
R.; Clini, EM.; et al. An Official American Thoracic Society /European Respiratory Society Policy Statement: Enhancing
Implementation, Use, and Delivery of Pulmonary Rehabilitation. Am. J. Respir. Crit. Care Med. 2015, 192, 1373-1386. [CrossRef]
Cecins, N.; Landers, H.; Jenkins, S. Community-based pulmonary rehabilitation in a non-healthcare facility is feasible and
effective. Chronic Respir. Dis. 2017, 14, 3-10. [CrossRef]

Godtfredsen, N.; Serensen, T.B.; Lavesen, M.; Pors, B.; Dalsgaard, L.S.; Dollerup, ]J.; Grann, O. Effects of community-based
pulmonary rehabilitation in 33 municipalities in Denmark—Results from the KOALA project. Int. ]. Chron. Obs. Pulmon. Dis.
2019, 14, 93-100. [CrossRef]

Mosleh, S.M.; Bond, C.M.; Lee, A.J.; Kiger, A.; Campbell, N.C. Effects of community based cardiac rehabilitation: Comparison
with a hospital-based programme. Eur. . Cardiovasc. Nurs. 2015, 14, 108-116. [CrossRef]

Vilarinho, R.; Serra, L.; Coxo, R.; Carvalho, J.; Esteves, C.; Montes, A.M.; Caneiras, C. Effects of a Home-Based Pulmonary
Rehabilitation Program in Patients with Chronic Obstructive Pulmonary Disease in GOLD B Group: A Pilot Study. Healthcare
2021, 9, 538. [CrossRef]

Thomas, RJ.; Beatty, A.L.; Beckie, T.M.; Brewer, L.C.; Brown, T.M.; Forman, D.E.; Franklin, B.A.; Keteyian, S.J.; Kitzman,
D.W.; Regensteiner, J.G.; et al. Home-Based Cardiac Rehabilitation: A Scientific Statement from the American Association
of Cardiovascular and Pulmonary Rehabilitation, the American Heart Association, and the American College of Cardiology.
Circulation 2019, 140, e69-e89. [CrossRef]

Bernard, S.; Vilarinho, R.; Pinto, I.; Cantante, R.; Coxo, R.; Fonseca, R.; Mayoralas-Alises, S.; Diaz-Lobato, S.; Carvalho, J.; Esteves,
C.; et al. Enhance Access to Pulmonary Rehabilitation with a Structured and Personalized Home-Based Program—ReabilitAR:
Protocol for Real-World Setting. Int. |. Environ. Res. Public Health 2021, 18, 6132. [CrossRef]


http://doi.org/10.1513/AnnalsATS.201609-733AS
http://www.ncbi.nlm.nih.gov/pubmed/28244799
http://doi.org/10.1183/09031936.00046906
http://www.ncbi.nlm.nih.gov/pubmed/17197484
http://doi.org/10.1016/j.pcad.2017.03.001
http://www.ncbi.nlm.nih.gov/pubmed/28286137
http://doi.org/10.1164/rccm.201510-1966ST
http://doi.org/10.1177/1479972316654287
http://doi.org/10.2147/COPD.S190423
http://doi.org/10.1177/1474515113519362
http://doi.org/10.3390/healthcare9050538
http://doi.org/10.1161/CIR.0000000000000663
http://doi.org/10.3390/ijerph18116132

J. Clin. Med. 2023, 12, 271 80of9

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Bui, K.-L.; Nyberg, A.; Maltais, F.; Saey, D. Functional Tests in Chronic Obstructive Pulmonary Disease, Part 2: Measurement
Properties. Ann. Am. Thorac. Soc. 2017, 14, 785-794. [CrossRef] [PubMed]

Vilarinho, R.; Mendes, A.R.; Gomes, M.; Ferreira, R.; Costa, F.; Machado, M.; Neves, M.; Caneiras, C.; Montes, A.M. Adapted
Chester Step Test Can Have Maximal Response Characteristics for the Assessment of Exercise Capacity in Young Women.
Healthcare 2021, 9, 308. [CrossRef] [PubMed]

Vilarinho, R.; Serra, L.; Aguas, A.; Alves, C,; Silva, PM.; Caneiras, C.; Montes, A.M. Validity and reliability of a new incremental
step test for people with chronic obstructive pulmonary disease. BM] Open Respir. Res. 2022, 9, e001158. [CrossRef] [PubMed]
Mokkink, L.B.; Prinsen, C.A.; Bouter, L.M.; Vet, H.C.; Terwee, C.B. The COnsensus-based Standards for the selection of health
Measurement INstruments (COSMIN) and how to select an outcome measurement instrument. Braz. J. Phys. Ther. 2016, 20,
105-113. [CrossRef] [PubMed]

Singh, S.J.; Puhan, M.A.; Andrianopoulos, V.; Hernandes, N.A.; Mitchell, K.E.; Hill, C.J.; Lee, A.L.; Camillo, C.A.; Troosters, T.;
Spruit, M.A; et al. An official systematic review of the European Respiratory Society / American Thoracic Society: Measurement
properties of field walking tests in chronic respiratory disease. Eur. Respir. |. 2014, 44, 1447-1478. [CrossRef]

Marques, A.; Rebelo, P.; Paixao, C.; Almeida, S.; Jacome, C.; Cruz, J.; Oliveira, A. Enhancing the assessment of cardiorespiratory
fitness using field tests. Physiotherapy 2020, 109, 54-64. [CrossRef]

Dias, S.S.; Rodrigues, A.M.; Gregoério, M.].; de Sousa, R.D.; Branco, ].C.; Canhao, H. Cohort Profile: The Epidemiology of Chronic
Diseases Cohort (EpiDoC). Int. ]. Epidemiol. 2018, 47, 1741-1742j. [CrossRef]

Marshall, A.L.; Smith, B.J.; Bauman, A.E.; Kaur, S. Reliability and validity of a brief physical activity assessment for use by family
doctors. Br. J. Sports Med. 2005, 39, 294-297. [CrossRef]

Cruz, J.; Jacome, C.; Oliveira, A.; Paixao, C.; Rebelo, P,; Flora, S.; Janudrio, F.; Valente, C.; Andrade, L.; Marques, A. Construct
validity of the brief physical activity assessment tool for clinical use in COPD. Clin. Respir. . 2021, 15, 530-539. [CrossRef]
Puig-Ribera, A.; Martin-Cantera, C.; Puigdomenech, E.; Real, J.; Romaguera, M.; Magdalena-Belio, J.F.; Recio-Rodriguez, J.I;
Rodriguez-Martin, B.; Arietaleanizbeaskoa, M.S.; Repiso—-Gento, I.; et al. Screening Physical Activity in Family Practice: Validity
of the Spanish Version of a Brief Physical Activity Questionnaire. PLoS ONE 2015, 10, e0136870. [CrossRef]

Hopkins, S.R.; Dominelli, P.B.; Davis, C.K.; Guenette, J.A.; Luks, A.M.; Molgat-Seon, Y.; 54, R.C.; Sheel, A.W.; Swenson, ER,;
Stickland, M.K. Face Masks and the Cardiorespiratory Response to Physical Activity in Health and Disease. Ann. Am. Thorac. Soc.
2021, 18, 399-407. [CrossRef] [PubMed]

Yoshihara, A.; Dierickx, E.E.; Brewer, G.J.; Sekiguchi, Y.; Stearns, R.L.; Casa, D.]. Effects of Face Mask Use on Objective and
Subjective Measures of Thermoregulation During Exercise in the Heat. Sport. Health 2021, 13, 463—470. [CrossRef]

Umutlu, G.; Acar, N.E.; Sinar, D.S.; Akarsu, G.; Giiven, E.; Yildirim, I. COVID-19 and physical activity in sedentary individuals:
Differences in metabolic, cardiovascular, and respiratory responses during aerobic exercise performed with and without a surgical
face masks. J. Sport. Med. Phys. Fit. 2021, 62, 851-858. [CrossRef] [PubMed]

Driver, S.; Reynolds, M.; Brown, K.; Vingren, J.L.; Hill, D.W.; Bennett, M.; Gilliland, T.; McShan, E.; Callender, L.; Reynolds, E.;
et al. Effects of wearing a cloth face mask on performance, physiological and perceptual responses during a graded treadmill
running exercise test. Br. J. Sport. Med. 2022, 56, 107-113. [CrossRef] [PubMed]

Green, S.B. How Many Subjects Does It Take to Do a Regression Analysis. Multivar. Behav. Res. 1991, 26, 499-510. [CrossRef]
[PubMed]

Correlation and Regression. Available online: https:/ /www.bmj.com/about-bmj/resources-readers/publications/statistics-
square-one/11-correlation-and-regression (accessed on 20 May 2022).

WHO. World Health, Assembly: Diet, Physical Activity and Health: Report by the Secretariat; World Health Organization: Geneva,
Switzerland, 2002.

Miller, M.S,; Callahan, D.M.; Toth, M.]. Skeletal muscle myofilament adaptations to aging, disease, and disuse and their effects on
whole muscle performance in older adult humans. Front. Physiol. 2014, 5, 369. [CrossRef]

Hawkins, S.A.; Wiswell, R.A. Rate and Mechanism of Maximal Oxygen Consumption Decline with Aging. Sports Med. 2003, 33,
877-888. [CrossRef]

Tiedemann, A.C.; Sherrington, C.; Lord, S.R. Physical and Psychological Factors Associated with Stair Negotiation Performance
in Older People. J. Gerontol. Ser. A 2007, 62, 1259-1265. [CrossRef]

Arcuri, ].F,; Borghi-Silva, A.; Labadessa, I.G.; Sentanin, A.C.; Candolo, C.; Pires Di Lorenzo, V.A. Validity and Reliability of the
6-Minute Step Test in Healthy Individuals: A Cross-sectional Study. Clin. J. Sport Med. 2016, 26, 69-75. [CrossRef]

Coll, F,; Hill, K.; Burrows, S.; Watson, C.; Edgar, D. Modified Chester Step Test in a Healthy Adult Population: Measurement
Properties and Development of a Regression Equation to Estimate Test Duration. Phys. Ther. 2020, 100, 1411-1418. [CrossRef]
Da Silva, K.M.; Souza, Y.D.; Parnayba, ].; Maiworm, A.; Cal, M.D; Figueira, B.; Condesso, D.; Rufino, R.; Costa, C.H.D. The
Reference Equation to Six-Minute Step Test: A Benchmark to Evaluate the Functional Capacity in Patients. Am. ]. Respir.
Crit. Care Med. 2016, 193, 1. Available online: https:/ /www.atsjournals.org/doi/abs/10.1164/ajrccm-conference.2016.193.1
_MeetingAbstracts.A5726 (accessed on 20 May 2022).

Oliveira, M.].; Mar¢oa, R.; Moutinho, J.; Oliveira, P; Ladeira, I.; Lima, R.; Guimaraes, M. Reference equations for the 6-min walk
distance in healthy Portuguese subjects 18-70 years old. Pulmonology 2019, 25, 83-89. [CrossRef] [PubMed]


http://doi.org/10.1513/AnnalsATS.201609-734AS
http://www.ncbi.nlm.nih.gov/pubmed/28244801
http://doi.org/10.3390/healthcare9030308
http://www.ncbi.nlm.nih.gov/pubmed/33802097
http://doi.org/10.1136/bmjresp-2021-001158
http://www.ncbi.nlm.nih.gov/pubmed/35387847
http://doi.org/10.1590/bjpt-rbf.2014.0143
http://www.ncbi.nlm.nih.gov/pubmed/26786084
http://doi.org/10.1183/09031936.00150414
http://doi.org/10.1016/j.physio.2019.06.003
http://doi.org/10.1093/ije/dyy185
http://doi.org/10.1136/bjsm.2004.013771
http://doi.org/10.1111/crj.13333
http://doi.org/10.1371/journal.pone.0136870
http://doi.org/10.1513/AnnalsATS.202008-990CME
http://www.ncbi.nlm.nih.gov/pubmed/33196294
http://doi.org/10.1177/19417381211028212
http://doi.org/10.23736/S0022-4707.21.12313-8
http://www.ncbi.nlm.nih.gov/pubmed/33885256
http://doi.org/10.1136/bjsports-2020-103758
http://www.ncbi.nlm.nih.gov/pubmed/33849908
http://doi.org/10.1207/s15327906mbr2603_7
http://www.ncbi.nlm.nih.gov/pubmed/26776715
https://www.bmj.com/about-bmj/resources-readers/publications/statistics-square-one/11-correlation-and-regression
https://www.bmj.com/about-bmj/resources-readers/publications/statistics-square-one/11-correlation-and-regression
http://doi.org/10.3389/fphys.2014.00369
http://doi.org/10.2165/00007256-200333120-00002
http://doi.org/10.1093/gerona/62.11.1259
http://doi.org/10.1097/JSM.0000000000000190
http://doi.org/10.1093/ptj/pzaa088
https://www.atsjournals.org/doi/abs/10.1164/ajrccm-conference.2016.193.1_MeetingAbstracts.A5726
https://www.atsjournals.org/doi/abs/10.1164/ajrccm-conference.2016.193.1_MeetingAbstracts.A5726
http://doi.org/10.1016/j.pulmoe.2018.04.003
http://www.ncbi.nlm.nih.gov/pubmed/29980459

J. Clin. Med. 2023, 12, 271 90f9

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Ross, R.; Blair, S.N.; Arena, R.; Church, T.S.; Després, J.P.; Franklin, B.A.; Haskell, W.L.; Kaminsky, L.A.; Levine, B.D.; Lavie,
C.J.; et al. Importance of Assessing Cardiorespiratory Fitness in Clinical Practice: A Case for Fitness as a Clinical Vital Sign: A
Scientific Statement from the American Heart Association. Circulation 2016, 134, €653—-€699. [CrossRef] [PubMed]

Probst, V.S.; Hernandes, N.A.; Teixeira, D.C.; Felcar, ].M.; Mesquita, R.B.; Gongalves, C.G.; Hayashi, D.; Singh, S.; Pitta, F.
Reference values for the incremental shuttle walking test. Respir. Med. 2012, 106, 243-248. [CrossRef]

Troosters, T.; Gosselink, R.; Decramer, M. Six minute walking distance in healthy elderly subjects. Eur. Respir. ]. 1999, 14, 270-274.
[CrossRef]

LaMonte, M.J.; Blair, S.N. Physical activity, cardiorespiratory fitness, and adiposity: Contributions to disease risk. Curr. Opin.
Clin. Nutr. Metab. Care 2006, 9, 540-546. [CrossRef] [PubMed]

Vincent, H.K,; Kilgore, J.E., III; Chen, C.; Bruner, M.; Horodyski, M.; Vincent, K.R. Impact of Body Mass Index on Biomechanics of
Recreational Runners. PMR 2020, 12, 1106-1112. [CrossRef] [PubMed]

Tonnon, S.C.; Robroek, S.R.J.; van der Beek, A.J.; Burdorf, A.; van der Ploeg, H.P.; Caspers, M.; Proper, K.I. Physical workload and
obesity have a synergistic effect on work ability among construction workers. Int. Arch. Occup. Environ. Health 2019, 92, 855-864.
[CrossRef]

Chetta, A.; Pisi, G.; Aiello, M.; Tzani, P; Olivieri, D. The Walking Capacity Assessment in the Respiratory Patient. Respiration
2009, 77, 361-367. [CrossRef]

Britto, R.R.; Probst, V.S.; de Andrade, A.F.; Samora, G.A.; Hernandes, N.A.; Marinho, P.E.; Karsten, M.; Pitta, F.; Parreira, V.F.
Reference equations for the six-minute walk distance based on a Brazilian multicenter study. Braz. ]. Phys. Ther. 2013, 17, 556-563.
[CrossRef]

Chatterjee, S.; Chatterjee, P.; Bandyopadhyay, A. Validity of Queen’s College Step Test for estimation of maximum oxygen uptake
in female students. Indian J. Med. Res. 2005, 121, 32-35. [PubMed]

Hansen, D.; Jacobs, N.; Thijs, H.; Dendale, P.; Claes, N. Validation of a single-stage fixed-rate step test for the prediction of
maximal oxygen uptake in healthy adults. Clin. Physiol. Funct. Imaging 2016, 36, 401-406. [CrossRef] [PubMed]

Selland, C.A ; Kelly, J.; Gums, K.; Meendering, ].R.; Vukovich, M. A Generalized Equation for Prediction of VO2peak from a Step
Test. Int. |. Sports Med. 2021, 42, 833-839. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1161/CIR.0000000000000461
http://www.ncbi.nlm.nih.gov/pubmed/27881567
http://doi.org/10.1016/j.rmed.2011.07.023
http://doi.org/10.1034/j.1399-3003.1999.14b06.x
http://doi.org/10.1097/01.mco.0000241662.92642.08
http://www.ncbi.nlm.nih.gov/pubmed/16912548
http://doi.org/10.1002/pmrj.12335
http://www.ncbi.nlm.nih.gov/pubmed/31994820
http://doi.org/10.1007/s00420-019-01422-7
http://doi.org/10.1159/000212781
http://doi.org/10.1590/S1413-35552012005000122
http://www.ncbi.nlm.nih.gov/pubmed/15713976
http://doi.org/10.1111/cpf.12243
http://www.ncbi.nlm.nih.gov/pubmed/26046474
http://doi.org/10.1055/a-1310-3900
http://www.ncbi.nlm.nih.gov/pubmed/33352603

	Introduction 
	Materials and Methods 
	Study Design 
	Participants 
	Data Collection 
	Incremental Step Test 
	Sample size and Data Analysis 

	Results 
	Performances on the Incremental Step Test by Age Decade 
	Reference Equation 
	Validity of the Reference Equation 

	Discussion 
	Conclusions 
	References

