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Resumo

Introducao: Avaliacao da capacidade de exercicio € uma medida clinica importante. A medida gold
standard é o VOznmax, medido por prova cardiopulmonar, que nem sempre é possivel aplicar, principalmente
em contexto de tratamento domicilidrio. Os step test sao um tipo de exercicio de campo com correlacao
significativa com gold standard, rapidos, de baixo custo e faceis de aprender, no entanto sao variados, nao
permitindo perceber qual o melhor teste a ser usado em cada populacao. Objetivos: Identificar os
diferentes step testse respetivo nivel de evidéncia das propriedades métricas (validade fiabilidade e poder
de resposta), bem como averiguar as respostas maximas fisiolGgicas e limitacdes ao exercicio, em cada
populacao. Bases de dados: As bases de dados PubMed, MEDLINE, Cochrane Central, PEDRo, LILACS,
Web of Science foram utilziadas entre o dia 10 e 30 de julho, 2021. Métodos: Foi selecionado qualquer tipo
de artigo que reportava propriedades métricas dos step test e respostas fisioldgicas correspondentes na
avaliacao da apticao cardiorrespiratdria em qualquer populacao clinica. Um avaliador retirou toda a
informacao e avaliou o nivel de evidéncia segundo a COSMIN e a qualidade do desenho de estudo QATAS.
Posteriormente foi revisto por dois avaliadores. Resultados: Quarenta e trés estudos foram incluidos.
2MST, 3MST, 6MST, 6MSrT, aCST, CST, IST, MIST, PST, SST, SFRST, 3STx1, STEP, YMCA+ImHRC foram
identificados. O nivel de evidéncia mais comum foi “Baixo” e “Muito Baixo”. O melhor nivel de evidéncia foi
“Moderado” para validade de critério e fiabilidade teste-retest do 6-Minute Stepper Test em doentes
respiratdrios (r = 0.48 — 0.63; ICC = 0.92 - 0.95, respetivamente) e cdlculo do erro no Adapted Chester
Step Test em populacao saudavel (SEM =12,8). A qualidade do desenho de estudo variou entre “Fraco” e
“Moderado”. Cinco estudos apresentaram variaveis fisioldgicas para avaliacao de resposta maxima. Um
estudo documentou plateau do VO:max. Frequéncia cardiaca e escalas de percecao ao esforco foram as
varidveis mais avaliadas. Os step tests apresentam uma limitacao ventilatdria em doentes respiratdrios,
uma limitagao cardiaca em populacgdes cardiacas e metabdlicas e tendem a apresentar uma resposta de
limitacao por sintomatologia em populacao saudavel. Conclusao: O nivel de evidéncia das propriedades
métricas dos step testé “Baixo” ou “Muito Baixo” limitando a sua aplicacao na pratica clinica, na avaliacao
da capacidade de exercicio. Step tests autocompassados tendem a ter respostas submdximas ao

exercicio. 0 6-Minute Stepper Test e 6-Minute Step sao os testes mais utilizados e investigados.

Keywords: Capacidade de exercicio, validade, fiabilidade, poder de resposta, respostas

cardiorrespiratdrias



Abstract

Introduction: Exercise capacity assessment is an important clinical measure. VOana is the gold standard,
measured by cardiopulmonary exercise testing. Nonetheless, it can be difficult to apply, especially in
home-based settings. Step tests are afield test type with significant correlation with gold standard, being
quick, low cost and easy to learn, however there are multiple protocols, difficulting the choice process in
each clinical population. Aims: To determine the different step tests, corresponding level of evidence of
their measurement properties (validity, reliability and responsiveness) and assess the physiological
maximal responses and exercise limitations in any clinical group. Data sources: The data sources
PubMed, MEDLINE, Cochrane Central, PEDRo, LILACS, Web of Science were searched up between 10"
and 30" of July, 2021. Methods: Studies of any design that reported any measurement properties of the
step test and corresponding physiological responses while assessing exercise capacity in any clinical
group were selected. One reviewer collected the data and rated the level of quality by COSMIN and study
desing quality by QATAS and was posteriorly reviewed by two other reviewers. Results: Forty-three
studies were included. 2MST, 3MST, 6MST, 6MSrT,aCST, CST, IST, MIST, PST,SST, SFRST, 3STx1, STEP,
YMCA+ImHRC were identified. Level of evidence was mostly “Low” and “Very Low". Best level of evidence
was “Moderate” for criterion validity and reliability of the 6-Minute Stepper Testin COPD patients (r=0.48
- 0.63; 1CC = 0.92 - 0.95, respectively) and measurement error on the Adapted Chester Step Test on
healthy subjects (SEM = 12,8). Study design quality varied between “Weak” and “Moderate”. Only five
studies presented all the physiological variables for maximal response assessment. Only one study
documented VOamax plateau. Heart rate and rating of perceived exertion were the most commonly
evaluated physiological variables. Step tests show a ventilatory limitation on respiratory clinical groups, a
cardiac limitation on cardiac and metabolic groups and tend to be more symptom limited on healthy
groups. Conclusion: The level of evidence of the measurement properties of the step testis “low” to “very
low” while assessing exercise capacity, limiting their applicability on clinical practice. Self-paced step tests
tend to have submaximal responses while assessing exercise capacity. The 6-Minute Stepper Test and

6-Minute Step test are currently the most frequent and investigated tests.

Keywords: Exercise testing, validity, reliability, responsiveness, cardiorespiratory responses
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1. Introduction

“Physical therapy provides services to individuals and populations to develop, maintain and restore
maximum movement and functional ability throughout the lifespan. This includes providing services in
circumstances where movement and function are threatened by ageing, injury, diseases, disorders,
conditions or environmental factors. Functional movement is central to what it means to be healthy”, as
defined by the World Confederation of Physical Therapy (WCPT, 2011). Physiotherapy and rehabilitation
occurs in different settings — inpatient (acute care (hospital), ambulatory (hospital, clinics, specialized
centres) and outpatient (community and home-based) (Bott et al., 2009; Geoffrey et al., 2015; Rajan,
2017). Physiotherapists use various approaches to manage functional disorders, being exercise training
one of the most common (Taylor et al. 2007) and one of their key skills (John Gormley, 2009). Inherent to
exercise prescription is the assessment of physical fitness — muscle strength, flexibility, body composition
and cardiorespiratory fitness (CFR) (American College of Sports Medicine, 2010; Tveter et al., 2014).
Maximal oxygen uptake (VOamax) is accepted as the gold standard of CRF. Significant variation in VOamax
across populations and fitness levels results primarily from differences in cardiac output. The designation
of VOzamax implies an individual's true physiologic limit has been reached and a plateau in VO may be
observed between the final two work rates of a progressive exercise test (most commonly carried out
using a treadmill or cycle ergometer (Huggett et al,, 2005)). This plateau is rarely observed in individuals
with CVD or pulmonary disease (American College of Sports Medicine, 2010; Arena et al., 2007). Therefore,
atest can be considered maximal without the plateau if three of the following criteria are present: elevated
respiratory exchange ratio (RER) 2 115 (Edvardsen et al., 2014), the achievement of >90% of the age-
adjusted estimate of maximum heart rate (HRm»:) (Edvardsen et al., 2014), high postexercise blood lactate
levels (=8 mmol/NL), or the subject’s rating of perceived exertion >17 on Borg Scare Rating (6-20) or 28
on Modified Borg Scale Rate (0-10) (Edvardsen et al., 2014a; Howley et al., 1995) or Visual Analog Scale
(VAS) between 8-10 centimetres (American College of Sports Medicine, 2010; Laveneziana et al., 2021).
Consequently, it is understandable that VOamax has a substantial clinical utility for measuring and
understanding dysfunction in aging and as a morbidity and mortality predictor (Bruce, 1984; Strasser &
Burtscher, 2018; Winett & Carpinelli, 2000)). Despite being gold-standard, it has limitations: requires
participants to exercise to the point of volitional fatigue (American College of Sports Medicine, 2010); is
limited by musculoskeletal or other impairments; requires higher levels of motivation by the patient;
require additional monitoring/emergency equipment and trained medical personnel; and are labour
intensive (American College of Sports Medicine, 2010; Sheffield et al., 1969).

In clinical practice, cardiopulmonary exercise testing is not always available, since time is limited,
laboratory equipment is unavailable, it may be considered unsafe to exercise at high intensities without
medical supervision (Balderrama et al., 2010; Bennett et al.,, 2016; Sartor et al.,, 2013). So, it's needed

measurement tools with acceptable measurement properties (clinically feasible, readily available and



easy to performin any setting), requiring none or only portable equipment and be time (Tveter et al,, 2014),
environmental and cost efficient, such as field tests. They are used to evaluate physical and aerobic
performance (Tveter et al., 2014) and are considered valid in several populations, specially the ISTW
(Monteiro etal., 2014; Wise & Brown, 2005) and 6MWT (Wise & Brown, 2005). These are good predictors
of VOamax (Burr et al., 2011; Monteiro et al., 2014; Wise & Brown, 2005; Wyndham, 1967) leading to their
frequent use, since being a good measure to assess CRF in healthy and patient groups, especially in
cardiorespiratory related pathologies (Prichard et al., 2014, Starobin et al., 2006; Vanhelst et al., 2013).
They are scientifically cohesive and are easily reproduced in the community or clinic since little equipment
is needed (American College of Sports Medicine, 2010; Sheffield et al., 1969).

Regardless of the applicability of the ISTW and 6MWT for aerobic capacity assessment, home-based
practice may not have the needed space to conduct the test, since a mandatory corridor length (10 and 30
meters, respectively) has to be guaranteed. Like so, home-based rehabilitation meets a growing need for
physiotherapy treatment, not available in community or clinic-based environments (Stephenson & Wiles,
2000). Specially during COVID-19 pandemic, decentralizing services became a strategy of management
and safety, making home-based treatments more necessary (Falvey et al. 2020). With the advantages of
proximity and a more interpersonal interaction, environmental disadvantages are also important to have
in mind when planning the patient assessment and treatment. Stephenson et al. (2000) evaluated the
advantages and disadvantages of the home setting for therapy, having both therapists and patients’
perspectives. Both groups mentioned as a disadvantage the limited space and appropriate equipment or
equipment needs, making home based treatment potentially less effective (Stephenson & Wiles, 2000).
Therefore, what is the best cost-space-effective field test to evaluate aerobic capacity of healthy or
patient groups?

Step tests are aninexpensive modality for predicting CFR by measuring HR response to stepping at a fixed
rate and/or afixed step height or by measuring postexercise recovery HR. These require little (a step or a
stepper) or no equipment, are easily transportable, stepping skills requires little practice, the test usually is
of short duration, and stepping is advantageous for testing bigger sample sizes (American College of
Sports Medicine, 2010; Bennett et al., 2016).

The protocols are various and have been studied for their validity in specific populations, more commonly
in cardiorespiratory pathologies and healthy populations, both paediatric and adult, over the years
(Hamilton & Haennel, 2000; Julio et al., 2017; Mays et al., 2010; Rikli & Jones, 1998; Salbach et al., 2015;
Vilarinho, Caneiras, et al., 2021). More recently, a systematic review assessed the current level of evidence
of the measurement properties of the step tests in Chronic Obstructive Pulmonary Disease (COPD)
(Vilarinho, Caneiras, et al., 2021). Nonetheless there is still lacking evidence that assesses these variables
and compares them with several clinical groups, evaluating which steps tests are more frequently used,

their clinical applicability, but also their physiological limitations when compared to gold-standard testing.



Therefore, our aim is, primarily, to identify all of the step tests, to critically appraise, compare and
summarize the quality of their measurement properties in any clinical group, but also to identify the
different physiological responses (maximal or submaximal) according to the variables mentioned above

and the consequent limitations of the step tests.

2. Methods

This systematic review was conducted acoording to the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines (Page et al., 2021). It was also registered in the
International Prospective Register of Systematic Reviews (PROSPEROQ), under the code
CRD42021260710.

The strategy was conducted according to PICO, described on table 1. The literature search was conducted
between the 10™ and 30" of July, in the following data bases: PubMed and MEDLINE, Cochrane Central
Register of Controlled Trials, Physiotherapy Evidence-Based Database (PEDRo), Literatura Latino-
Americana e do Caribe em Ciéncias da Satide (LILACS), Web of Science, and on the references of other
articles assessed throughout the process. The key terms were sellected according to MeSH (Medical
Subject Headings) Terms, adapted to each database (since every data base has its own code system) and
were the following: “step test”, “stepper test”, “exercise testing”, “aerobic capacity”, “cardiopulmonary
testing”. The key terms were combined in the different data bases with the boolean operators “OR” and/or
“AND" (apendix 1). Titles and consequent articles in English or Portuguese, with no age limit, no year
intervals, no specific context (community, residents of institutions, or hospital inpatients) and no specific
subject of studies (healthy or any clinical population (e.g. respiratory, neuromuscular, cardiac, metabolic,
orthopaedic)) were selected. Studies of any design were included, non-published papers or based or
posters/abstracts of conference proceedings were excluded. The strategy involved a first screening of all

the titles and respective abstracts, followed by the integral reading and analysis (detailed on flow-chart 1).

Table 1: Eleqgibility Criteria According to PICO Strategy.

Inclusion Exclusion

Any population - healthy and clinical | NA
Population .

population;

Step or stepper tests; Step test without the use of a platform
Intervention

(step or stepper) to step on.

Comparison | CPET or other field tests NA

For the qualitative outcomes will be the | No statistical indicators of

Outcome . .
different types of step test; measurement properties;




For the measurement properties we will | Not mentioning physiological
consider the comparison of the test used | responses.

with (the criterion and construct validity):

1. cardiopulmonary  exercise testing
(maximal oxygen uptake), as it is the current
gold standard for exercise testing
assessment;

2. distance or number of laps obtained in
other submaximal tests (e.g. GMWT, ISWT,
respectively).

For the physiological responses, it will be
considered those mentioned above
(variables verified for a test to be considered
maximal).

NA — Non applicable; BMWT — 6-Minute Walk Test; ISWT — Incremental Shuttle Walking Test.

A step test was defined as a test modality in which the participants are instructed to step up and down on
a platform (being a bench, a step, or a stepper device) with a specific yet variant height, in a self or
externally (by metronome or audio signal) paced rythim (fixed or incremental rate work intensity). Studies
of any design were included, since they reported statistical results for measurment properties (validity,
reliability and responsiveness) for assessing exercise capacity in any clinical group. We also considered
studies that identified step tests providing maximal responses of physical exertion according to the aims
of each test, as showed on table 1. One reviewer (1.S.L.) was responsible for the initial screening and
selection of titles and studies, posteriorly. The selected data was reviewed later by a second and third
reviewer (RA.V.. AM.M).

Data extraction focused on measurement properties, defined according to Consensus-Based Standards
for the Selection of Health Measurements Instruments (Prinsen et al., 2018). Validity was defined as the
degree to which an instrument measures the construct(s) it purports to measure: criterion validity (the
degree to which the scores of an instrument are an adequate reflection of a ‘gold standard’; it was
considered comparison with cardiopulmonary exercise testing) and construct validity (the degree to which
the scores of aninstrument are consistent with hypotheses based on the assumption that the instrument
validly measures the construct to be measured:; it was considered comparisons with six-minute walking
test, incremental shuttle walk test, endurance shuttle walk test and other tests available to assess muscle
strength) were considered. Reliability was defined as the proportion of the total variance in the

measurements which is due to ‘true’ differences between patients, considering for this review the test-



retest reliability (ability of aninstrument to produce consistent results when it is used multiple times under
nearly equivalent conditions) and measurement error (the systematic and random error of a patient’s
score that is not attributed to true changes in the construct to be measured). Responsiveness was defined
as the ability of an instrument to detect change over time in the construct to be measured. In this study it
will be considered studies that used the step tests to analyze the effects of any intervention, with changes
over time and through comparisons with changes in other outcomes (Prinsen et al., 2018).

It was also assessed for this review the physiological responses of each step test. To assess maximal
physiological responses we considered the presence of a plateau of the VOanax Or, in case of absence of
the plateau, the verification of, at least, three of the following: elevated respiratory exchange ratio (RER)
115 (Edvardsen et al., 2014), the achievement of >90% of the age-adjusted estimate of maximum heart
rate (HRmax) (Edvardsen et al., 2014), high postexercise blood lactate levels (=8 mmol/NL), or the subject’s
rating of perceived exertion>17 on Borg Scare Rating (6-20), 28 on Modified Borg Scale Rate (mBorg) (0-
10) (Edvardsen et al., 2014; Howley et al., 1995) or Visual Analog Scale (VAS) between 8-10 centimetres
(American College of Sports Medicine, 2010; Laveneziana et al., 2021). It was also evaluated the exercise
limitation of each step test. A test was considered to have a cardiovascular limitation when heart rate
reserve <70% (Bangalore etal., 2006) RER>1.15,>17 on Borg/=8 on mBorg/8-10cm on VAS; a ventilatory
limitation when breathing reserve < 15%, expiratory flow limitation, signs of hyperinflation (increase in End
Expiratory Lung Volume) — when these data is available, HRmax< %HRmax, >17 0n Borg/=8 on mBorg/ 8-
10cm on VAS; to have a peripherical/other limitation when having signs of leg/back pain, when <16 on
Borg/<8 on mBorg/<8 cm on VAS, RER<1.15, or cardiovascular concern (Stickland et al., 2012).

The measurement properties were evaluated using the Consensus-Based Standards for the Selection of
Health Measurements Instruments (COSMIN) Risk-of-Bias Checklist (Mokkink, de Vet., et al., 2018), based
on arating score system of four points, where itis provided a classification of the quality of the studies for
each question as “very good”, “adequate”, “doubtful” or “inadequate”. For each study, the score per box is
obtained by taking the lowest rating of any itemin a box. The overall score for each measurement property
is determined by the lowest score given for that measurement property. This tool also includes another
rating system to evaluate the quality of each measurement property. This rating system consists of giving
each criteria: "+” (sufficient), “?" (indeterminate) or “-" (insufficient). This depends on the design used on the
studies, but also its methods and outcomes.

After rating the methodological and measurement properties, the modified Grading Recommendations
Assessment, Development, and Evaluation (GRADE) approach was applied to grade the level of evidence
(based on four factors: risk of bias, inconsistency, imprecision, and indirectness), as “high”, “moderate”,
“low” or “very low" (Mokkink, Prinsen, et al., 2018).

The Quality Assessment Tool for Quantitative Studies (Effective Public Health Practice Project Quality

Assessment Tool for Quantitative Studies) was used to assess study design quality while assessing



physiological responses. This instrument consists of six sections: selection, study design, confounding
factors, blinding, data collection method (reliability and validity), and withdrawal, rated as ‘strong’,
‘moderate’, or ‘weak’, based on standardized criteria. These ratings are then combined to attain an overall
rating for each study (‘'strong’, no weak ratings; ‘moderate’, one weak rating; and ‘weak’, two or more weak
ratings) (Armijo-Olivo et al.,, 2012).

After the review process, the several types of step tests and its general characteristics were sorted.
Furthermore, the author names, country and publication year, basic study design (number of participants,
mean age, gender distribuition), measurement properties evaluated and physiological responses reported

were also selected and organised on different tables, as discriptive synthesis.

3. Results

From the literature search conducted, it was obtained 2283 titles and abstracts. After their screening and
duplicate removal, there were 124 full-text articles to assess for eligibility. This assessment resulted in a

total a 29 articles to include in this review.

Figure 1: Flow-chart - Literature Search and Analysis Strategy
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The detailed information is presented on Figure. 28 studies were written in English and 1in Portuguese
(Rittetal., 2021). The studies were conductedin Asia — South Korea (n=1) —; Europe — Belgium (n=2), France
(n=8), England (n=4), Germany (n=2), Irelant (n=1), Portugal (n=1), Spain (n=1), The Netherlands (n=1)—; North
America - Canada (n=3) —; South America - Brazil (n=18), Chile (n=1) —. There were included 1 pilot study, 8
observational studies, 1 cross-over observational study, 1 randomized cross-over study, 16 cross-
sectional observational studies, 1 randomized cross-sectional oversational study, 1 prospective
randomized study, 4 retrospective studies, 4 prospective studies, 1 retrospective cohort study, 2
prospective cohort studies. Publication date ranges between 1985 and 2021.

In terms of age limits, only two studies were applied in pediatric populations, both in healthy children
(Iturian Barrdn et al., 2021; Reychler et al., 2018), leaving the remaining 41 articles executed in adult and
geriatric contexts. The total number of individuals participating in all articles selected was 2117 (1222
males and 895 females), with a mean of 60.96 years (youngest population with 8 6+1,8 years and oldest
with 69,9+9,0 years). Sample sizes variedin all articles, being the smallest size n=17 and the higgest n=188.
3 studies used only female participants ((Carvalho et al., 2015; Di Thommazo-Luporini et al., 2015;
Vilarinho, Mendes, et al., 2021)), 3 studies used only male participants (Simone Dal Corso et al., 2013;
Lemanska et al., 2019; Marrara et al., 2012) and 3 studies did not distinguished between genres (Coguart
et al. 2016; da Costa et al., 2014; Magalhaes et al., 2020).

General study desing information, age groups, genre distribuition, outcomes and other informations are
available on appendix 2-3.

The tests and protocol identified were the following (graphic 1): 2-Minute Step Test (Rikli & Jones, 1999),
3-Minute Step Test (Manual., 2000), 6-min Step Test (S. Dal Corso et al., 2007), 6-minute Stepper Test
(Borel et al., 2010), Adapted Chester Step Test (Vilarinho, Mendes, et al., 2021), Chester Step Test (Sykes
& Roberts, 2004), Incremental Step Test (de Andrade, De Camargo, et al., 2012), Modified Incremental Step
Test (de Andrade, De Camargo, et al., 2012), Paced Step Test (McGavin et al., 1976), Siconolfi Step Test (SF
et al., 1985), Standardized Fixed-Rate Step Test (RJ et al.,, 2003), Step Test 3x1 (Cofre-Bolados et al.,
2018), Step Test and Exercise Prescription (STEP) Protocol (Stuckey et al., 2012), YMCA-Step Test,
YMCA-Step Test +1-Minute Heart Beat Count (Teren et al, 2016). The identified tests and their
characteristics are available on table 2.

There were identified six clinical groups (graphic 2): cardiac diseases (n=4) - cardiovascular disease (n=1),
cardiovascular risk factors (n=1), coronary artery disease (n=1), coronary heart disease (n=1); healthy (n=10),
methabolic syndrome (n=4) — morbid obesity (n=1), obesity (n=3); oncologic diseases (n=1) — prostate

cancer; rheumatology diseases (n=1) — rheumatic arthritis; respiratory diseases (n=9) — acute lung disease



(n=1), instestitial lung disease (n=1), COPD (n=19), obstructive sleep apnea (n=1), pulmonary hypertension
(n=1).

Graphic 1: number of step tests in this review.
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Graphic 2 - distribution of the articles according to clinical groups.
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Regarding the measurement properties, 34 articles assessed validity: 18 acessed criterion validity, 11
assessed construct validity, 5 assessed hoth; 14 assessed reliability, and 9 assessed responsiveness.

Criterion Validity was assessed for the 2-Minute Step Test, 3-Minute Step Test, 3-Minute Step Testx]1
Minute, 6-Minute Step Test, 6-Minute Stepper Test, Chester Step Test, Incremental Step Test, Modified
Incremental Step Test, Paced Step Test, Siconolfi Step Test, Standarded Fixed Rate Step Test, YMCA-



Step Test. This protocols were compared with cardiopulmonary exertion testing on cycle ergometer and
treadmill.

Construct validity was included in Chester Step Test, 3-Minute Step Test, 6-Minute Step Test, 6-Minute
Stepper Test, Modified Incremental Step Test and they were compared with the 6-Minute Walking Test;
Adapted Chester Step Test was compared with the Incremental Shuttle Walking Test, and 6-Minute
Spepper Test was compared with 1RM.

Reliability was assessed in 3-Minute Step Test, 6-Minute Step Test, 6-Minute Stepper Test, Adapted
Chester Step Test, Chester Step Test, Incremental Step Test, Siconolfi Step Test. All studies presented an
appropriate time interval between tests (from 24h to 7 days), except in two reliability analysis on the 3-
Minute Step Test and 6-Minute Stepper Test that were conducted on the same day (Beaumont et al., 2019;
Bonnevie et al., 2017).

Only 9 studies conducted analysis on responsiveness: eight under pulmonary rehabilitation on COPD
patients — 2-Minute Step Test, 3- Minute Step Test, 6-Minute Step Test, 6-Minute Stepper Test after the
impleamentation of a rehabilitation program; 3-Minute Step Test to the use of bronchodilation on
exertional acute relief and 6-Minute Stepper Test to the use of Neuro Muscular Eletrical Stimulation;
another one on cardiovascular rehabilitation program, on the responsiveness of the CST to a cardiac
rehabilitation program.

The measurement properties and their level of evidence are available on table 3 and the results on level of
evidence assessment are available on appendix 4-6.

Out of the 43 articles available, 34 documented the physiological responses on each step test/protocol
used. Nonetheless, only five studies ((Vilarinho, Mendes, et al., 2021), (Vieira et al., 2020), (Carvalho et al.,
2015), (Ricci et al., 2019), (Di Thommazo-Luporini et al., 2015)) evaluated the three variables mentioned
before. Only one article analysed the blood lactate level (Vilarinho, Mendes, et al., 2021). 28 studies
evaluated HR, presenting it as percentage of the HR maximal, except on 11 articles (Beaumont et al., 2019;
Bonnevieetal.,, 2017; Hong et al., 201S; Iturian Barrdn et al., 2021; Knight et al., 2014; Lemanska et al., 2019;
Munari et al., 2020; Murphy et al., 2005; Pichon et al., 2016; Reychler et al., 2018; Teren et al., 2016; C. de
F. Travensolo et al. 2020) where it was analysed the HR,.« (peak heart rate) mean-values with standard
deviation. RPE was described in 23 articles, 14 using Borg (n=4; varying between 13 and 18) or Modified
Borg Scale Rating (n=17; varying between O and 6) or Visual Analog Scale (n=2, varying between 2 and 6
cm). 7 studies analysed RER and presented mean values at peak workload.

The results on physiological response assessment are described on table 4.



Table 2 - Step tests identified and corresponding characteristics.

- . Characteristics . Workload
Step test Studies Step height Duration (Pacing)
Stages Initial Work Rate Increments
2MST .
(Rikli & Jones, (De quk etal, 2006) 15,0cm NA Maximum number NA 2 min Self paced
1999) (Riccietal., 2019) of steps
(Beaumont et al., 2019)
3MST (Borel et al, 2016) 15,0cm or 20,0cm or Maximum number .
M . 2000) (Hong et al., 2019) 503 or 30.0cm NA of steps NA 3min Self paced
anuat, (Iturian Barrén et al., 2021) ’ ’ P
(Murphy etal.,, 2005)
(Arcuri et al., 2016)
(C.deF.Travensoloetal,
2020)
(Carvalho et al., 2015)
(da Costaetal.,2014)
(Di Thommazo-Luporini et
6MST al, 2015) Maximum number
(S. Dal Corso et (Groshois et al., 2016) 15,0cmor 20,0cm NA of steps NA 6 min Self paced
al, 2007) (Magalhaes et al.,, 2020) P
(Marraraetal., 2012)
(Munari et al., 2020)
(Pessoaetal.,, 2014)
(Reychleretal.,2018)
Yy
(Rittet al., 2021)
S.Dal Corso et al., 2007)
(Bonnevie et al., 2017)
(Bonnevie et al., 2019)
6MSIT (Coquart et al., 2015) Maximum number .
(Borel et al., 20,0cm NA NA 6 min Self paced
2010) (Coquart et al., 2016) of steps
(Fabre etal., 2017)
(Pichon etal., 2016)
(Vilarinho, Mendes, et al., Initial level at 15 Increments of 2 step/min Incremental
aCST 2021) 20,0cm 15 Stages steps/min up until 43 step/min NA (metromone)
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(Vilarinho,

Mendes, et al.,
2021)
(Reed et al.,2020)
ST (de Ca[nargo etal, 2011) 15,0;17,0,20,0;25,0; | 5 stages (2 minutes . Increments of 5 steps/min 10 min Incremental
(Sykes & Roberts, (José & Corso, 2016) 30,0cm each) 15 steps/minute (1 minute) maximum | (metromone)
2004) (J. Buckley et al., 2004) '
(Karloh etal., 2013)
(de A IdSTd b (Vieira et al., 2020) Until patient's Increments of 1 step every Incremental
€ Andrade, & | (simone Dal Corso et al,, 20,0cm P 10 steps/minute 30 s until the patient’s NA S
Camargo, et al., 2013) tolerance | imi (audio signal)
2012) 013 tolerance limit
misT Increments of 1 step every
(de Andrade, De (José & Corso, 2016) 20,0cm Until patient's 10 steps/minute 30 s until the patient’s NA Incremental
Camargo, et al., tolerance | imi (audio signal)
2012) tolerance limit
PST Fixed rate
McGavinetal, winburn et al., ,0cm S
( (Swinb ,1985) 25,0 NA NS NA NS
1976) (audio signal)
Increments to 26
SST (Moore et al., 2013) 3 stages . . . Incremental
(SF et al., 1985) (Lemanska et al.,2019) 20,0cm (3 minutes each) 17 steps/minute step/mlnutg and 36 Smin (metromone)
step/minute
SFRST . . Fixed rate
(Rl etal, 2003) (Hansenetal.,2011) 33,0/40,0cm NA 22.5 steps/min NA 5 min (metronome)
ST3x1 3 stages (minute on; 1 Increments to 32
(Cofre-Bolados etal., minute off followed . cycles/minute and . Incremental
(Cofre-Bolados et 20,0/25,0cm . 20 cycles/minute ‘ . 6 min
. 2018) 2018) by 1 minute of HR maximum cycles/minute (metromone)
al, counting) the patient can perform
STEP 2 consecutive steps Maximum number
(Stuckey et al., (Knight et al., 2014) ; P 20 cycles of stepping NA NA Self paced
2012) with 20,0cm of steps
YMCA + 3min((2) +
TmHBC (Terenetal, 2016) 20 step Tminute of | Fixed rate
(Terenetal, (Beutner et al., 2015a) 30,0cm NA cycles/minute NA HR (metronome)
2016) counting)

n



2MST - 2-Minute Step Test; 3MST - 3-Minute Step Test; 6MST - 6-min Step Test; 6MSrT - 6-minute Stepper Test; aCST - Adapted Chester Step Test; CST -
Chester Step Test; IST - Incremental Step Test; mIST - Modified Incremental Step Test; PST — Fixed Rate Paced Step Test; SST - Siconolfi Step Test; SFRST -
Standardized Fixed-Rate Step Test; ST3x1- Step Test 3x1; STEP - Step Test and Exercise Prescription (STEP); YMCA - YMCA-Step Test; +ImHBC - +1-Minute
Heart Beat Count; NA — Non applicable; NS — Not specified; HR — heart rate; cm — centimeters.
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Table 3 — Step tests and their measurement properties and respective level of evidence.

Criterion Validity Construct Validity Reliability Measurement Error Responsiveness
Test Level of Level of Level of Level of Level of
Result . Result . Result . Result . Result .
evidence evidence evidence evidence evidence
2MST | r=0,55-0,70 (-)™ Low' NAR Very Low?
r=078R(+)
' Low'— ICC=0.944" - !
= — 2)R 4 2)R 4
3MST r=0,83 Moderate? 0.964" () Low ) Very Low (?) Very Low
0,87"(+)
r=0.69(+) r=0.70%(+) ICC=0.967¢(-)
r=0.86M(-) r=0.72"(-) ICC=0.90"(-) SEM=4.27 (-}
Low'? Low' Low' ! Very Low' =0.34° Very Low?*
6MST r=039 ow (=052 - ow ICC=0.80— ow MDC=118 ()% | 'Y= ' eryLow
—0.52R(+) 0.76 (+) 0.98% (+)
_ B R . r=0.41- Low-Very ICC=0.92 - 12 SEM = 23 ~ R( 23
6MSIT | r=0.48-0.63(-)® | Moderate 0.72% (4) Low'2 0.95% (+) Moderate 17.6:235% (+) Very Low r=0.32%(-) Very Low
=0.38-
aCST rO 55¢ () Low'3 ICC=0.48"(-) | VeryLow'? | SEM=12,8"(+) | Moderate'?
r=0.61%(+) ) r=0.59- Very N 3
= , 2)C 13
CST r=0.69¢() Very Low 0.76% (4) Low'? ICC=0.99%(+) | VeryLow (? Very Low
IST r=0.79-0.84%(+) | VeryLow' ICC=0.99R(-) Low'3 (R Very Low"3
mIST r=0.84R(-) Very Low?
Vv
PST r=0.74% (+) e
Low"
0.69° CC=0.81° (2)°
r=0. Very ICC=0.81
Very Low'? SEE=10- Very Low'?
SST r=0.79%?) Low® Icc=007%(+) | oYY - eyRow
20RH (+)
Ve
SFRST |  r=054"(+) v
Low"
ST3x1 r=0.81°(+) Low3
STEP r=0.78"(+) Low'3
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YMCA
r=0.64-0.862%
+ Low®

TmHBC “

2MST - 2-Minute Step Test; 3MST - 3-Minute Step Test; 6MST - 6-min Step Test; 6MSrT - 6-minute Stepper Test; aCST - Adapted Chester Step Test; CST -

Chester Step Test; IST - Incremental Step Test; mIST - Modified Incremental Step Test; PST — Fixed Rate Paced Step Test; SST - Siconolfi Step Test; SFRST -
Standardized Fixed-Rate Step Test; ST3x1- Step Test 3x1; STEP - Step Test and Exercise Prescription (STEP); YMCA - YMCA-Step Test; +1mHBC - +1-Minute
Heart Beat Count; NA — Non applicable; ' — small sample n < 50; 2 — moderate small sample n=50-100; 3 — one study of inadequate quality; * — multiple studies of

inadequate quality; ® — inconsistency; ¢ — cardiac clinical group; " — healthy clinical group; ¥ — metabolic clinical group; ° — oncologic clinical group; ® - respiratory

clinical group; ™ - rheumatologic clinical group.
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Table 4 — Physiological responses in each step test modality.

Physiological Responses

Reference Step Clinical VO Bl Rating of perceived exertion e
ood lactate Exercise Limitations
Test Group e %HRmax>90% RER>1.15 ~ | >17Borg; 28 mBorg; 28cm VAS
(plateau?) >8mol/NL -
Dyspnea Leg fatigue
Cardiac -
(RZ?;S)E"" CsT Cardiovascular NS
disease Step test provoked higher
(Cofre- Cardiac - physiological responses
Bolados et al., 3MSTx1 Cardiovascular NS when compared to other
2018) risk factors field tests (RER=1,12+0,8);
(Rittetal Cardiac - ND Without enough information
2021) N 6MST Coronary 112+0,8 to assess exercise
artery disease limitation.
(C.deF. Cardiac - ND HRo -
Travensolo et 6MST Coronary n7 311?; bom mBorg - 4.6x2.1
al, 2020) artery disease ’ =P
(Arcuriet al.
' MST Health N
2016) 6MS ealthy S
(Beutner et
YMCA Health ND
al, 2015h) eathy
. o Can .
(Hansen et SERST Healthy ND 86 £12% Borg-=13+2. Submaximal (%HRmax= 80
al,20M) 90% and RER =1.01-1.04)
ND HRpeak - and maximal response
(Hong et al., 116,7+15,0 bpm (%HRmax= 90-94%);
3MST Health
2019) ealthy t0137,5+17,8 Test often complete by
bpm reaching the end or
(Iturian ND HRpeak - 147423 mBor individual's maximum,
Barrénetal, 3MST Healthy bpm g without any specific
41322 Lo
2021) limitation.
o, _
(J‘; “;g'gift csT Healthy é’:gi";; 811:112% Borg - 14,2+2,0
(Knlght etal. ND HRpeak - 17421
' TEP Health
2014) > ealthy bpm
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(Reychler et ND HRpeak — VAS-5,40
al, 2018) SMST Healthy 12,9425 bpm (0,5-10,0mm)
LN
VO?_peak LN LN
{ml/kg/min) - LN mBorg=3(0,5- mBorg=3
(Carvalho et Healthy (LN) 249:37 LN: 92:8% 1,04:0,09 8) (0-7)
al, 2015) SMST | and Metabolic 0B 0B: 90+9% 0B 0B 0B
- obese (0B) VO2pea ~107:010 mBorg=35(0- | mBorg=2
(ml/kg/min) - 10) (0-10)
17,6131
ND Control group -
(Karloh etal., csT RHeiE:itrlzc?rl;d— 83,5+14,9%:; ABorg: Control group - 2,6+2,1%;
2013) COPD COPD group - COPD group - 2,6+2,7%.
70,5+10,5%;
(Vilarinho, Healthy ND
Mendes, et aCsT 94.0 +6.5% M.3+45 Borg=18.4 +15.
al, 2021) sedentary
Metabolic - VO»
(R|;;|1(e9t)al., SMST Ob:c:':ziznd (mL/kg/min) - 74%3;(77)5))/;9 1,01 (5)6’_;)6 mBorg-2 (0-7) mBorgs) o(
obesity 12,5(11,8-13,2) ' ' Shorter duration tests evoke
VO, submaximal responses (RER
(Terenetal, Metabolic - (mL/kg/min) = HRpeak - 120 =1.0%; %HRuwx = 74.3%).
2016) YMCA Overweight | 26.4(250- | (103-138)bpm Borg -14 (12-15)
281)
ND Step tests evoked maximal
response on HR, and near
(Lemanska et Oncologic - HRumee - ma)?imum VOZma’x to CPET.
al,2019) 55T Prostate 1416+20,7 bpm Subjects seem toreach
’ cancer {(~%HRmax= 90%) ; .
maximum by exhausting
cardiac reserve.
, Respiratory - Tendency to exhaust
(José & Corso, (CST/MIST) Acute Iun)g: ND 76+11%/76+12% 4(3-7)/4(3-7) mBorg =5 (3- breathingreserve (no
2016) . 7)/5(3-7) L .
disease available information to
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mBorg: CST1
Borg: CST1-4
(de Camargo csT Respiratory - ND CST1-80+10; r(r11 1(:)r)!-JCST > 4 -4(2-10);
etal, 2011) COPD CST2-80+13; ) CST2-5(0-
{0-9)
10).
(Beaumont et 3MST Respiratory - ND HRpeak (mBorg) - (mBorg) -
al, 2019) COPD 12,9+13,4 bpm 5,0+2,2 3,4+2,4.
(Bonnevie et 6MSIT Respiratory - ND HRpeak =120,6
al, 2017) COPD +.15 bpm
(Bonnevie et Respiratory -
6MSIT NS
al, 2019) ' COPD
(Borel etal,, Respiratory - mBorg)-2,3— | mBorg)-25
3MST ND 83-91%
2016) COPD ’ 5.9 -49
(Pessoacetal, Respiratory -
MST N
2014) 6MS COPD >
mBorg =
(Coquart et EMSIT Respiratory - ND 72,4:3 4 mBorg = 3,8+0,6; 41107
al, 2015) COPD 70,4+33 mBorg = 3,8+0,6 mBorg =
3,7+05
(Coguart et Respiratory -
6MSIT NS
al, 2016) ' COPD
(De Blok et Respiratory -
2MST NS
al, 2006) COPD
(Fabre etal. Respiratory -
) 6MSIT ND 1,02+0,14
2017) ' COPD DD
(Groshois et Respiratory -
6MST NS
al, 2016) COPD
(da Costa et Respiratory -
MST
al, 2014) 6MS COPD NS
ND mBorg
(Marrara et EMST Respiratory - {experimental/
al, 2012) COPD control) - 1/0.5
(0,5-5,0)
HRpeak - 119
(Munari et al,, 6MST Respiratory - Described 12 3”8(; HR *
. o max &
2020) COPD VOazmax plateau 81.5%)

confirm), having submaximal
HR, RER and REP, whichiis
verified.
6MST and IST seemto
provoke higher %HRwmaxand
RER, near maximal.
6MST elicited maximal
response, having described a
plateau in one study.
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HRpeak mBorg
Experimental — Experimental —
. pre:112+13; pre:5,5+2,55;
(Murphy et Respiratory -
MST ND 211641 1 4,9+1,7
al, 2005) 3MS COPD post: 116113 post: 4,9+1,76
Control — pre: Control: pre -
118,8+15; post: 5,143,24; post:
113110 53+3,6
PreRP Pre RP
HR MN794+ PreRP mBorg- 4.9
(Pichon et al Respirator 1p;ak8 b m mBorg - 5.42.0 2l
sote) | BMSIT EOPD y ND o Sp PostRP PostRP
VAS-49+21 VAS-45+
HRpeak -189+
cm 2.0cm
17 bpm
IST-1 IST-1
. VOzmax - IST-1 IST-1 mBorg =
(Simone Dal . . o
Corso et al ST Respiratory - | 119+0,39L/min 88113% mBorg=5,4+23 5,5+2,6
2013) N COPD IST-2 IST-2 IST-2 IST-2
VO2max - 86+12% mBorg=5/1+2,2 mBorg =
1,20+0,40L/min 51x2,7
VOZmax =
(Swinburn et Respiratory -
PST 1010+190
1,1985 COPD
& ) {mL/min)
Respiratory - .
(S.Dal Corso " VOzmax {L/min) mBorg=45
MST | I 44+8.4 . . Borg=4(0-1
etal, 2007) 6MS nter.stltla - 0.98£0.22 84.4+8 0.95+0.06 mBorg = 4 (0-10) (0-10
lung disease
Di
Thon(1mazo— Respiratory - VOapea~ mBorg -
" 6MST piratory 17,8436 8719 1,03:0,09 mBorg - 3 (0:10) g
Luporini et al., Obesity mL/ka/min 3(0.100)
2015) g
(Magalhaes Respiratory - ND mBorg -
6MST 7421118
etal, 2020) 0SA e 51419
Respi - -
(Vieiraetal. espiratory VOzpeak
2020) IST Pulmonary 1018+283 84+7% 111£0,11 mBorg - 543 mBorg - 612
hypertension {mL/min)
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(Moore etal.,
2013)

SST

Reumatologic
- Reumathoid
arthritis

ND

visit 1- 73+8%;
visit 2 - 75+8%.

Submaximal response in
%HRwmax without any other
information to assess
exercise limitation.

2MST - 2-Minute Step Test; 3MST - 3-Minute Step Test; 6MST - 6-min Step Test; 6MSrT - 6-minute Stepper Test; aCST - Adapted Chester Step Test; CST -
Chester Step Test; IST - Incremental Step Test; mIST - Modified Incremental Step Test; PST — Fixed Rate Paced Step Test; SST - Siconolfi Step Test; SFRST -
Standardized Fixed-Rate Step Test; ST3x1- Step Test 3x1; STEP - Step Test and Exercise Prescription (STEP); YMCA - YMCA-Step Test; +1mHBC - +1-Minute

Heart Beat Count; VOzmax — maximal oxygen uptake; HRmax- maximal heart rate; %HRq.x — percentage of maximal heart rate; RER - respiratory exchange ratio;

Borg — Borg Exertion Scale; mBorg — Modified Borg Exertion Scale; VAS — Visual Analog Scale; %V 0zmax — percentage of VOamax; VOzpeak — peak of maximal oxygen

uptake; OSA — Obstructive Sleep Apnea; mL — millilitres; kg — kilogram; min — minute; bpm — beats per minute; ND — Not described; NS — Not Specified.
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4. Discussion

The aim of this systematic review was to primarly identify the several step tests currently used in clinical
practice in all population and report their measurment properties, but also to analyse the type of
physiological response and test exercise limitations induced on the subjects according to each clinical
population.

In this review we identified 14 different step tests and they differ externally - fixed rate orincremental, self
paced or paced by external signal (audio or metronome) — or internally — various step heights for the same
protocol, adapting to height or sex —. The lack of standardized equipment use in between the different
testing methods demonstrate that step tests are still more used in investigation rather in practice, since
there’s no specific guidelines. Another factor corroborating this statement is the percentage of each step
test type found in this review. Six of the 14 diferrent step tests (Adapted Chester Step Test, Modified
Incremental Step Test, Paced Step Test, Standard Fixed Rate Step Test, 3-Minute Step Test with 1 Minute
HRC, STEP Protocol) only had one article available on this review, demonstrating lack of applicability on
investigation and practice, and consequent difficulty in assessing their measurement properties, also a
finding in a similar systematic review that evaluated the measurement properties of step tests in COPD
patients (Vilarinho, Caneiras, et al., 2021).

The level of evidence of the measurement properties evaluated on each step test ranged mostly between
“Low” and “Very Low", according to the Modified Grading of Recommendations Assessment,
Development, and Evaluation approach (GRADE). This results is mostly caused by small samples of
participants in the articles, having just one article on the subject, several articles with “inadequate” ou
“doubtful” methodological quality (Mokkink, Prinsen, et al., 2018). Nonetheless, it is important to adress
that, despite our efforts in rating methodological quality of the articles, these results can't be taken as
absolute since we selected measurement properties from articles that were not specifically designed for
that porpuse.

Overall, validity was the measurement property more frequently assessed, being reported in all step tests.
Criterion validity was most frequent measurement property in the studies analysed, with comparison with
gold-standard CPET with cycle ergometer and treadmill protocols being used, except for the Adapted
Chester Step Test. Its level of evidence ranged between “Low” and “Very Low”, due to the fact of
inconsistencies on the studies and tendency for small sample sizes (<50 participants). Despite that, the
results, overall, show good correlation between step test outcomes and CPET outcomes, with no
difference between step test modality. Construct validity was also commonly used in this review, since it
compared the step tests with field tests, widely used in investigation. All studies assessing construct
validity used 6-Minute Walking Test, except Vilarinho et al. (2020) which compared the Adapted Chester
Test with the Incremental Shuttle Walking Test (ISWT), Karloh et al (2013), which compared Chester Step

Test with ISWT. This choice seems appropriate, because even though they involve different activities,
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they are similar in nature because both progressively increase the load imposed, which is announced by a
signal sound, and are limited by the symptoms of the patient (Karloh et al., 2013). Also, Bonnevie et. al
(2019) compared 6-Minute Stepper Test with 1 repetition maximum (1RM), showing significant correlation
between them (r=0.41, p<0.001), showing that 6MSrT can have a moderate power to extrapolate strength
in COPD patients, but not be used as an indirect measure to assess strength training in this population.
Reliability methodological assessment was more heterogenous, being most step test rated as “Low” or
“Very Low", except 6-Minute Stepper Test, with a “Moderate” rating, in respiratory population. This test
was shown to have a strong correlation between repetitions (ICC=0.92 - 0.95), being this result explained
by the learning effect. Since step tests are easy to understand and perform it is understandable that
leaning effect can affect the performance of the consequent repetitions (Coguart et al., 2015). The poor
level of evidence on the remaining tests reflects the lack of pattern of the test-retest waiting period. The
second testing day varied between tests from 30 minutes to 7 days, being the most commonly used period
the 24-48 hours. Short period between retesting could indicate memory effects from the participants,
having a greater performance with compared to the first repetition. Thus, the retest period should be long
enough that the participants can't remember or be influenced by the first test (American College of Sports
Medicine, 2010).

Responsiveness was poorly evaluated overall, since only 9 studies aimed to assess it, small samples sizes
were included and lack of methodological quality on the study design. Several studies failed to present
statistical values of the measurement error and sample size, or appropriate statistical measures for the
property aimed to be evaluated in the first place. Most studies were described to detect differences after
a rehabilitation program, being in cardiac rehabilitation or respiratory, but did not present any data
corroborating that statement.

An important find is the presence of measurement properties of the 6-Minute Step Test and 6-Minute
Stepper Test, having reported values on all the properties we assessed, besides being the most used step
tests. Both have strong correlation with 6-Minute Walk Test, seem to be reliable and have moderate
response to rehabilitation programs, being cardiac or respiratory. 6-Minute Step Test and Stepper Test
are fast, self-paced, don’'t require much equipment and have similar commands and encouraging
statements to 6MWT. 6MST has been validated in several articles to be a good predictor of exercise
capacity in correlation with 6GMWT, in healthy, respiratory and cardiac groups (de Andrade, Cianci, et al.,
2012; C. Travensolo & Polito, 2014). Also 3-Minute Step Test, as the third most common step test in this
review, also self-paced, reporting good validity assessing exercise capacity. Chester Step Test, was the
mostly used incremental test on these studies.

In quality of the study design, the ratings varied between “Weak” and “Moderate”. The lack of “Strong”
evidence on this systematic review is related to the lack of randomization, lack of blindness of the

evaluators, lack of blindness of the population being studied, sample selection by convenience and
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heterogeneity in participants. It is also important to mention, the lack of rigor in writing the experimental
design, since several studies didn't describe the step test (fundamentals, application, criteria of
termination of the test), only giving a general idea of the test concept.

Physiological responses evaluation showed a significant lack of quality in their evaluation. Most studies
did notreport physiological responses as a primary outcome, being most of them only shown in descriptive
values in the results. This fact is explained by the lack of information available for direct assessment of
these responses. Despite not being targeted as main outcomes in most evidence, most of the studies
evaluated %HR and RPE through Borg, mBorg or VAS. Only one study (Vilarinho, Mendes, et al., 2021)
evaluated three of the 4 variables for a test to be considered maximal. Some studies presented values of
VOamax/peak- ONly one study documented VO, plateau. One conclusion after analysing the studies is that
most experimental designs chose to evaluate HR and RPE, being these two variables easy to monitor and
register, but also low cost, when compared to lactate blood concentration analysed in only 1 study. Some
studies presented values for RER, but overall, it was not documented, which shows a lack of
methodological quality since RER is the second most important factor to assess for maximal responses.
The rise in RER during heavy exercise is caused by an imbalance between the production and the
elimination of lactic acid, because of the increase in the buffering of lactate. In addition, as CO: is generated
from muscle work, the rise in ventilation increases the RER (Edvardsen et al., 2014).

Overall data available was not sufficient to assess if step tests can be considered maximal testing.
Nonetheless, it showed important information to make some conclusions.

Step tests tend to have an overestimation of VOzmax when is directly measured. This fact is explained by
the bigger recruitment of muscle fibres and contraction regiment during stepping when compared to

walking (Chéhere et al., 2016; Vilarinho, Mendes, et al., 2021).

4.1. Step-testin Healthy Groups

The following test were applied: 3-Minute Step Test, 6-Minute Step Test, Adapted Chester Step Test,
Chester Step Test, Standardized Fixed Rate Step Test, STEP Protocol, YMCA-Step Test. In general, these
tests presented moderate to strong correlation to distance in 6MST and VO; in CPET. Only Adapted
Chester Testinduced maximal responses. In healthy subjects, step tests seem to induce bigger responses
in HR, but not in RPE Borg. The results on Adapted Chester Step Test could be on physiological responses
could be explained by the incremental nature of the test, inducing more stress over time, without the risk

of plateau.

4.2. Step-testinRespiratory Groups
Itincludes the tests: 3-Minute Step Test, 6-Minute Step Test, 6-Minute Stepper Test, Chester Step Test,

Incremental Step Test, Modified Incremental Step Test. These tests presented a moderate to strong
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correlations being the Chester Step Test and Incremental Step Test the best test correlating with gold-
standards. Allthe tests that analyzed reliability presented good results. In respiratory clinical groups, none
of the step tests induced maximal responses. The most affected physiological variable was %HRm.x, RER
and Borg for leg fatigue. It is clear that respiratory patients, having the ventilatory capacity affected have
adecrease in muscular metabolism by the imbalanced oxygen transportation. When large group muscles
are elected to work, since these patients have already a functional deficit, leg fatigue is one of the most
affected variables in step test, more than dyspnea. Therefore, step tests in respiratory patients seem to

affect more the functional profile of the patient and not the ventilatory deficiency.

4.3. Step-testin Cardiac Groups

There were identified 4 step tests in this clinical group: 6-Minute Step Test, Chester Step Test, Step Test
3x1. These tests presented a good correlation to VOzyes measured by CPET. 6-Minute Step Test had a
good correlation to the 6MWT distance and was reliable. Nonetheless, this clinical group was the poorest
in physiological responses, having 2 studies failing to mention them. 6-Minute Step Test induced an

increase in HRyea« and Borg for dyspnea, and a near maximal RER.

4.4. Step-testin Metabolic Groups

Obesity was considered a metabolic disorder (Eckel et al., 2010). Thus, the following step steps were
identified: 2-Minute Step Test, 6-Minute Step Test, YMCA-Step Test. 2-Minute Step Test and 6-Minute
Step test presented good correlation with VOz CPET, being valid to assess maximal workload and oxygen
intake. None of the studies induced maximal physiological responses. Analyzing the responses obtained
it is clear that in obese patients step tests tend to exert more cardiac responses, by increasing HR. In 6-
Minute Step Test, one study demonstrated almost maximal % HRnax by achieving almost 87%., which in

some studies is considered a maximal response.

4.5. Step-testin Rheumatologic and Oncologic Groups

Siconolfi Step Test was identified for these two clinical groups. This test showed good correlation to
VOzea- Also good reliability. In terms of physiological responses, only HR was assessed for both clinical
groups, having a near maximal response in oncologic clinical group, but under maximal values for HRmax
with around 75%. Alone these values don't allow for extrapolations and conclusions if the step tests can
be considered maximal or induce maximal responses in these populations.

Step tests and their considerations for each clinical group is available on table 8.
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5. Study limitations and future sugestions

To our knowledge, this is the first systematic review to identify and assess measurement properties and
physiological responses in the different step tests in any clinical group. It's also valuable for the inclusion
of new protocols and new stepping equipment such as the stepper and double step. We also included
studies that evaluated measurement properties without that being the primary outcome of the study
making the step tests identified list broader and more diverse, adding value to this review.

It also has limitations. First of all, the study screening, assessment and evaluation was made by one
evaluator, increasing the chance of evaluator bias. It was only included studies in Portuguese and English
and studies that evaluated measurement properties but did not document physiological responses.

Itis important to continue the research on step tests, specially assessing their behavior and response in
home-care settings, since itis when this step tests might be more appropriate, since they don't need much
equipment and space. Itis also important to continue research in this subject with uniform samples, in size
and characteristics, making them more reliable. Also important for the future to assess their

responsiveness in different settings.
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6. Conclusion

According our findings, step tests can differ in stepping frequency, bench height, test duration and number
of test stages. They can be fixed, incremental or self-paced, with a step or a stepper. Incremental step-
tests have either the step box height or stepping rate increased in an incremental manner; these tests also
tend to take longer to complete and elicit more physical stress. Fixed (or single stage) step tests take
shorter duration and use heart rate recovery to estimate VOanax and they may produce a less accurate
estimation of cardiorespiratory fitness.

It is important to mention that, incremental/fixed rate/self paced step tests induce different results and
measures. Incremental tend to be symtom limited, while self paced tend to be more functional having in
mind activities of daily life. Their use should be taken into thought while deciding which step test to use. If
the target population is respiratory, is natural that self paced tests could be more easily used to assess
exercise capacity, since patients have a natural ventilatory limitation, while which healthy subjects, amore
sympton limited test, such has Chester Step Test, can be used to assess more variables, besides exercise
capacity.

This systematic review identified 14 different step tests: 2MST; 3MST; 6MST; 6MSrT; aCST; CST; IST;
mIST; SST; SFRST; ST3x1; STEP; YMCA +ImHBC.

Their general level of methodological quality ranged between “Very Low” and” Moderate”, being the
validity the measurment property with better quality. The level of quality of the study designs ranged
between “Weak" and “Moderate”, having the worst quality regarding “Blinding".

There was identified six different clinical groups: Healthy, Respiratory, Cardiac, Metabolic,
Rheumatological and Oncologic. All have step tests with good correlation with gold-standard or a
measured considered gold-standard. Yet, none of the step tests induced maximal physiological responses

in the participants, except Adapted Chester Step Test on young healthy adults.
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Appendix 1- Key terms and data bases.

PubMed + (('step test") OR (‘stepper test")) AND (‘exercise testing')) OR (("step test") OR (‘stepper
Medline test")) AND (aerobic capacity))

Cochrane (("step test") OR (‘stepper test")) AND (‘exercise testing')) OR (("step test") OR (‘stepper
Central test")) AND (aerobic capacity))
PEDRo step test OR stepper test
LILACs step test OR stepper test

Web of Science

"step test" OR "stepper test" AND "exercise testing" AND "cardiopulmonary testing"

36




Appendix 2 - Study Design: clinical group, sample size and characteristics, protocol and outcomes.

Reference Stugj y iy e n Protocol QOutcomes
Design Test Group
Experimental: 9 week RP;
10 (5 males); Experimental group with lifestyle Primary outcomes — daily physical activity
(De Blok et , 65,7104 years activity counselling program. (steps/day);
al, 2006) Pilot study eM>T coPD Control: Both groups performed 2MST before Secondary outcomes — phys):cal fitness (2MST —
11 (4 males); and after RP number of steps), HRQoL
62,5+123
(Riccietal, | Observational Obesmy.and 31(19,0% males) Visit 1: anamnese, anthropometry, CPET Primary outcome - number of steps in 2MST and VOamax
2019) study 2MST morbid 37.3¢36 years on cycle ergometer in CPET
obesity T Visit 2: 2MST
Primary outcome - number of repetitions during the
(Beaumont | Cross-over IMST 50 (33 males) | 50 (33 males) Random order Secondariy\(ﬂ)izci?gé:% BHI\FQIV\S/[ZSE\S(tjay:;?ea i e
etal,2019) | observational COPD patients | 62,3+7,9 years Same day: 3MST, 6MWT fatigue (before and after) and HR and SpOs evolution of
during both tests; reliability of the 3MStepT.
randomized, All with bronchodilator
double-blind, Visit 1- clinical assessment;
(Borel et al, placebo- IMST COPD 40 (33 males) Visit 2 — CPET and pulmaonary function Primary outcome — dyspnea (mBorg), physiological
20716) controlled, 69+7 years testing responses, VO2
crossover Visit 3and 4 - 3MST at 14,16,20,24
study steps/minute-
Group A/Group B (random order on visit
2ana3) Pri t - VOzmay, anth tr
(Hongetal, | Cross-section 73 (37 males) Visit 1: Anthropometric measures, rimary OULCOmEs = Virer, AMENTOPOMEHIC
. 3MST Healthy . . .| measurements, and outcome measures from the step
2019) observational 30,8493 years | clinicalevaluationand CPET on treadmill tests and GMWT
Visit 2: 3MST with 20,3/30cm box
Visit 3: 3MST with 20,3/30 cm box
(Iturian Randomized 30 children (15 Visit 1: BMWT/3MST (50% each) . A A
Barronetal, | Cross-section | 3MST Healthy females) Visit 2: BMWT/3MST (50% each) anaryé)utcome - nurmber Odf. ste|‘35, distance in SMWT;
2021) observational 8,6+1,8 years Visit 3: 3MST Secondary outcomes - cardiopuimonary responses.
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Experimental

Prospective group:13 (7 Visit 1 - 3MST, Shuttle Walk Test, clinical
(Murphy et | controlled and males); 67,7+9.7 assessment Primary outcome — level reached on Shuttle Walk
al,2005) randomised IMST COPD years 6 weeks RP Test, number of steps, HR, dyspnea (mBorg)
! stud Control group:13 | Visit 2 - 3MST, Shuttle Walk Test, clinical ! S
y (10 males): 65,7+11 assessment.
years
— — 0,
(Cofre OO_SS Cardiovascular M (r567% Visit 1: CPET on cycle ergometer .
Bolados et sectional, 3MSTX1 ek factors males) Visit 2: 3MSTx] Primary outcomes - number of steps, VO,
al, 2018) correlational 49811116 years ’
_ Primary outcome — development of regression
(Bonnevie et | Retrospective 24 (6 females) Two BMSrT on the same day, equation to predict the HR at the ventilatory threshold;
6MSIT | COPD CPET y
al, 2017) Study 615+8.7 years Pulmonary function assessment Secondary outcome — correlation between step count
y and ventilatory threshold from CPET.
. . Retrospective study: i )
(Bglng%\qg)et Retrgff(;ectlve EMSIT COPD 356(W199fe2;ar|5es) Assessed CPET on treadmill 1RM, Primary outcowslskedn%;n,\tﬂ)e\;vof steps, distance
: y =Y EMSIT, GMWT o RN, Woeak
(Coguartet Prospectlve 35 (14 females) VisitT =2 6MSrT Primary outcomes — number of steps, physiological
al, 2015) Observational | 6MSrT COPD 60.8+8.9 years 6 weeksRP responses (HR, dyspnea Borg)
! Study T Visite =22 6MSrT '
Visit 1- clinical assessment, GMSrT
Retrospective Group NMES - 6 weeks of home
(Coguart et o program with NMES )
al. 2016) obsii\a?jtmnal BMSIT COPD 188 Group UEPE — 8 weeks of RP program. Primary outcome — number of steps, phy
y Visit 2 — clinical assessment, 6MSrT
Monocentric Visit T- spirometry ) B
(Fa;;; %t al, retrospective | 6MSIT COPD 28 W(deSmaeErSi Visit 2 - CPET Primary OUtcorgiseiiar:eftt: from the three
study Sy Visit 3 — 6MSI T, GMWT
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Visit T— 6MSIT, 6BMWT, clinical

Primary outcome — difference in the number of steps

assessment and dyspnea, leg
) . discomfort, heart rate before and after RP
(zllcgg?st Obsg\fjtmnal EMSIT COPD g$é3+79mae|§§g 5 week RP Secondary outcome — minimal important difference
! y ey Visit T— 6MSIT, 6BMWT, clinical for 6MSrT, SpO,, dyspnea, leg discomfort, heart rate
assessment and dyspnea, leg for 6GMSrT
discomfort, heart rate
Cross- Visit 1: general assessment, spirometry,
(Arcurietal, cectional EMST Health 91(49 males) 2 6MST/2 6MWT Primary outcomes - number of steps (comparing both
2016) correlational y 3917 years Visit 2: body composition analysis, 2 EMST), distance walked (compared with 6MST).
E6MST/2 BMWT
Random order
(Pessoaet | Observational EMST COPD 32 (24 male) Visit 1= clinical and risk factor Primary outcome — number of steps, walked distance,
al, 2014) Study 69,0410,0 years assessment. GMST/EMWT BODE index score
Visit 2 — BODE; 6MST/6MWT
(Di Visit 1; Clinical and physiotherapeutic
Thommazo- | Cross-section EMST Obesit 56 women evaluations Primary outcome - data from CPET and 6MST (VOzpeax
Luporiniet | observational y 3547 years Visit 2: CPET on treadmill and HR)
al, 2015) Visit 3: 6BMST
) Monocentric Retrospective )
(Groshois et etrospective | EMST COPD 91 (76 males) EMST, BMWT and CPET on cycle Primary outcome - data from 6MST, BMWT, and CPET
al, 2016) cohor?stud 60,3+9,3 years ergometer data from before PR Secondary outcome - data from before/after PR
y 6MST and BMWT data from after PR
(da Costaet | Observational 32 Visit 1- clinical assessment; 2 6MST .
al, 2014) Study EMST COPD 6834103 years Visit 2- 6MST Primary outcome - Number of steps
Controlled Pre RP and Post RP
! Visit 1- clinical assessmental . .
(Marrara et prospective EMST COPD 36 males Visit 2 — CPET Primary outcomes - VOzmax in CPET; number of steps,
al, 2012) randomized 69,4+8,6 years T 6MWT distance, physiological responses.
study Visit 3—-6MST
Visit 4 - 6MWT
23 females (13 Visit 1: Clinical screening and
(Carvalhoet | Prospective Healthy and lean (LN) 32+5 assessment of anthropometricsand | Primary outcome - VOzpea 0N CPET; number of steps in
EMST y
al, 2015) Cohort obese years; 18 obese pulmonary function 6MST; muscle mass and function.
(0OB)35+5 years) Visit 2: Blood analysis
y y
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Visit 3: CPET on treadmill
Visit 4 and 5: 6MST
Visit 6: Isometricand Isokinetic Strength
Measures

Random order

ogies | Gomeeton L ousr | osa |G veomoust | P ousome e e g e
’ =Y Visit 2: 6MWT/6MST /
Cross- Visit 1- Pulmonary function, dyspnea,
(Munari et sectional EMST COPD 36 (29 males) health status, and functional status Primary outcome — number of steps, physiological
al,2020) | observational 67+7 years Visit 2 - physiological variables during variables
study the 6BMST
. . Random order
(Reychler et Rcargggzlvzeerd EMST Health GOfceh%dar‘E!)(BB Visit 1: 6BMWT/6MST/4AMGS Primary outcome - results of the three tests, and
al,2018) <tud y 8.0%13 vears Visit 2: GMWT/EMST/4MGS physiological responses (HR, Sp0z)
y ks Visit 3: SMWT/6MST/AMGS
(Rittetal, | Cross-section Coronary 171 (121 males) Visit 1: CPET on treadmill/6MST )
2027) observational oMST artery disease 6014 years Visit 2: CPET on treadmill/6MST Primary outcomes - number of Steps vs. VOzpea
Visit 1: CPET max on cycle ergometer;
[ L BMST Primary outcomes -number of steps; step VOz pea;
(5. Dal Corso | Cross-section | gy, o | Interstitiallung | - 31 {1 females) Visit 2: constant rate CPET VOzpes 0N CPET, peak HRyes 0n CPET, RER on CPET,
etal,2007) | observational disease 58+10 years ) . ‘ )
(submaximal) on cycle ergometer; rating of perceived exertion
6MST
(CdeF Cross-
Tra\'/ensdlo sectional, EMST Coronary 35 (23 males) Visit 1: 6BMST/6EMWT Primary outcomes - number of steps, distance walked in
randomized, artery disease | 65.8+5.6 years Visit 2: 6MST/6MWT EMWT.
etal, 2020)
and crossover
(Vilarinho Primary outcomes - Number of steps vs total distance
Mendes e’t Cross-section 3CST Healthy 25 females Visit 1: aCST; ISWT Secondary outcomes - on the ACST: maximum work
al 202’” observational sedentary 20.3+15 years Visit 2:aCST; ISWT rate reached, total test time; on the ISWT: gait speed
! reached, total test time.
Primary outcome - number of steps on CST,;
(de Camargo | Cross-section c<T COPD 32 (3 female) Visit 1: 2 SI\AR\?\/an/OCn;?;égET on cvcle Secondary outcomes - HR, dyspnea and leg fatigue by
etal,2011) | observational 69,9+9,0 years ’ y Borg, SpO: plus walked distance in GMWT and VOzpea in

ergometer

CPET.
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Visit 2: 2 6MWT/CST/CPET on cycle
ergometer

97 individuals (77

patients (36 ) ) _ _ _
(José & Cross-section | CST Acutelung | males); 56,3 (36- Visit 1: CST/MIST pgzirzdzlitcggfon:g?_beglﬂ:i;zfs’fiﬁctzgﬁedmfI\FQIZT’
Corso, 2016) | observational | MIST disease 68) years/20 Visit 2: GMWT y outc puimonary dyspnea,
time of hospitalization.
control: 52 (41-
66) years)
Primary outcome - reliability of the CST (predicted
) Visit 1: CST VO:zmax, HR, RPE, and measured VOamax):
(J4aE|%u2cg|Si/1)et ELO:;;S;UC;‘HO; csT Healthy Z;BA(ZAH;aleeSa)rs Visit 2: CST Secondary outcome - validity of the CST (predicted
! DY Visit 3: CPET on treadmill VOzmax Vs measured VOamax iN CPET, %HR max With HRmax
in CPET: RPE)
Control arou Visit 1: Anamnesis, anthropometric and
group lung function evaluation and ISWT to all
(healthy)-10 (7 o o
individuals; modified Baecke ) )
) females) . ) Primary outcomes - Performance in ISTW, EBMWT and
Metal, Cross-section csT Healthy and 6347 vears questionnaire to the control group CST and the HR. Sn0» and dvspnea sensation measured
2013) observational COPD y Visit 2: BMWT to allindividuals and =PDe ana dysp
COPD group-10 = L in CST.
(7 females) London Chest Activity of Daily Living
64410 vears Scale (LCADL) to COPD group
y Visit 3: CST to allindividuals
Baseline
CPET +MBTT (Modified Bruce Treadmill
Test) + CST (Chester) + ARCT (Astrand-
Observational A 0 rhynming)
Reedetal, prospective csT Card{ovascular 47 (77% males) 12 week rehabilitation program Primary outcome - data from functional tests and CPET
2020) disease 57+11years
study Follow-up Phase
CPET +MBTT (Modified Bruce Treadmill
Test) + CST (Chester) + ARCT (Astrand-
rhynming)
(Simone Dal A I
Corsoetal, OOSS_SE.CUOH IST COPD 34 males VisitT: CPET on .cyc.le ergometer; I5T-1 Primary outcomes - VOz and number of steps
2013) observational 6749 years Visit 2:1ST-2

141



- Prospective Random order
(\/ggaa%t)a\_, Cross- IST hpuéﬂg:ign aaggen;:rlis) Visit 1:IST/CPET on cycle ergometer ND
sectional yp y Visit 2: IST/CPET on cycle ergometer
(Swinburn et | Observational 17 (6 males) Primary outcome — number of steps, distance walked
al, 1985) Study PoT COPD | 66 (a9-73)years | >2Meday —1eMWT, PST, CPET 0N T2MWT, VO
Primary outcomes - maximal physiological response
(HR and VO,) between CPET and step test
-0 i
(Hansenet | Cross-section 113 (60 males) Visit 1: CPET on cycle ergometer Seconda(ry.outcomclas /(.)CPET Ve« and subject
. SFRST Healthy N characteristics; Relationship between %CPET VOamax
al,201) observational 45413 years Visit 2: Fixed-Rate Step Test A 4 ,
independent variable) and age, gender, body height, body
mass index, VOamax, VT, and high-intensity physical
activity (dependent variables).
(Lemanska | Cross-section Prostate 83 males Visit T: CPET on cycle ergometer and i
. SST SST Primary outcomes - number of steps, VOzpeak
etal,2019) | observational cancer 68,2474 years .
Visit 2: SST
(Moore etal, | Prospective Rheumatoid | 30 (24 fermales) N \{|s_|t 1: S\cpnolﬂ step test Prlmary outcomes — CIPET: VOzmax and vgnnlatory
o SST iy Visit 2: Siconolfi step test + CPET on variables from gas analysis; On the step test: number of
2013) validation arthritis 53,4104 years . ) .
cycle ergometer steps; and ventilatory variables from gas analysis.
) Cross- Random order
(Kngoh}j)t al, sectional, STEP Healthy 453%91 meaaltr%;s) Same day Primary outcomes - predicted voamax; measured VOamax.
correlational y STEP; CPET on treadmill
(Beutneret | Cross-section 97 (55 males) Same day _
al,2015b) | observational YMCA Healthy 55,7+14,2 years YMCA Step Test; CPET on treadmill Primary outcome - VO; on CPET, YMCA
. One visit sequence: Primary outcome - VO in step test, compared with
(Terenetal, | Prospective YMCA | Overweight 105 (53 males) 1. YMCA-Step Test > 2. VSAQ > 3. CPET VOzpeak In CPET and scores on VSAQ (The Veterenas
2016) Cohort 60 (46-67) years . D e
on treadmill Specific Activity Questionnaire).

2MST - 2-Minute Step Test; 3MST - 3-Minute Step Test; 6MST - 6-min Step Test; 6MSrT - 6-minute Stepper Test; 12MWT —12 Minute Walking Test; aCST - Adapted Chester Step Test; CST -
Chester Step Test; IST - Incremental Step Test; mIST - Modified Incremental Step Test; PST — Fixed Rate Paced Step Test; SST - Siconolfi Step Test; SFRST - Standardized Fixed-Rate Step Test;
ST3x1- Step Test 3x1; STEP - Step Test and Exercise Prescription (STEP), YMCA - YMCA-Step Test; +ImHBC - +1-Minute Heart Beat Count; HRQoL — Health Related Quality of Life Questionnaire;
4MGS - 4-Meter Gait Speed; CPET - cardiopulmonary exercise testing; NMES — Neuromuscular Electrical Stimulation; 1RM — one repetition maximum; RP — rehabilitation program; VOzmax — maximal

oxygen uptake; HRmax- maximal heart rate; %HRmax — percentage of maximal heart rate; RER - respiratory exchange ratio; Borg — Borg Exertion Scale; mBorg — Modified Borg Exertion Scale; VAS -
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Visual Analog Scale; %V 0Ozmax — percentage of VOamax; VOzpeak — peak of maximal oxygen uptake; OSA — Obstructive Sleep Apnea; mL — millilitres; kg — kilogram; min — minute; bpm — beats per minute;

ND - Not described:;
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Appendix 3 - Outcomes — measurement properties and physiological responses.

Reference Measurement Properties Physiological Responses of the
Validity Reliability Responsiveness Step Test
Construct Validity
number of steps vs. walked distance; AUMmber of stens on test 1 vs. Number %HRmax: CST 1-80+£10: CST 2 - 80413;
r=0.60,p<0.001 P ‘ Dyspnea mBorg: CST 1- 4 (1-10); CST 2 -
(de Camargo of steps on test 2 4(0-9)
etal, 20T Criterion Validity CC=099(0.97-099) Leg fatigue mBorg: CST 1- 4 (2-10); CST
Estimated VO, on CST vs. direct measured VO; at CPET. e ' ' 2-5(0-10).
r=0689, p<0.02
Construct Validity
(Arcurietal, number of steps vs. distance walked on GMWT Steptestivs Stepteste ND
2016) _naaco L B
(= 072.p<0.05 ICC=0.9;95% CI:0.85-0.93.
Construct Valldlty Step test 1vs. Step test 2 HR (bpm) - 112,913 4:
(Beaumont et number of steps vs. distance walked
31, 2019) ) Dyspnea (mBorg) -5,0¢2.2;
=0.780; p<0.001 ICC=0.964 (95%(1=0.936-0.979) Lower limb fatigue (mBorg) - 3,4+2,4.
Criterion Validity
(B;)lnnaﬁg\/]\%et Number of steps vs. Ventilatory threshold from CPET HRpes = 120,6 £15 bpm

R=0,63; p<0.01
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Criterion Validity
Number of steps vs. Wpeak
, r=0.44, P,0.01
(Bonnevie et
al, 2019) .- ND
' Construct Validity
Number of steps vs. IRM
r=0.41, P=0.01
To bronchodilator
induced relief on
exertional dyspnea
(significantly
decreased dyspnea at %HRmax— 83 — 91% (experimental e
the end of the third
(Boreletal, _ ) control group)
20716) minute of exercise at Dyspnea (mBorg) - 2,3-5,9
14 steps/min (by Leg discomfort (mBorg) — 2,5 — 4,9
0.6+1.0 Borg 0-10 g gres=a
scale units, P,0.07)
and 16 steps/min (by
0.7+1.3 Borg 0-10
scale units, P,0.01))
Construct Validity
(Pessoaetal, Number of steps vs. Walked distance
ND
2014)
r=0,764; P=0,000
(Cofre- Cri’;erion Validity
Bolados etal, number of steps/predicted VOzpea vs. measured VOzpesx Not described
2018) r=0.81,p<0.05




(Coquartetal,
2015)

Number of steps 6MSrT 1vs number

of steps 6MSIT

PreRP-r=092,p<0.0%,1CC=0.919,

Cronbach's «=0.952

PostRP-r=0.95;p<0.07;,1CC=0.945;

Cronbach'sa=0.972

EMSIT (number of
steps) to RP
Number of strokes
did not differ from pre
to post RP
P<00%r=032

Pre RP
%HRmax= 72,4434
Dyspnea (mBorg) = 3,8+0,6
Leg fatigue (mBorg) = 4,10,7
Post RP
%HRmax= 70,4433
Dyspnea (mBorg) = 3,8+0,6
Leg fatigue (mBorg) = 3,7+0,5

(Coquart et al,

To PR or NMES
B6MSIT performances
were

2016) A improvgd afterlthel ND
intervention period in
both the groups,
p<0.005.
Respansiveness to
RP
(De Blok etal, ('2-min step test’ with ND
2006) alarge between-
groups effect size
(>~0.80))
(Di Criterion Validity VOapeax = 17,8436 mL /kg/min
Thommazo- BMST VOzpeak vs. CPET VO RER-103:0,09
-~ epeal > epesk %HRmax - 879 bpm
Luporiniet al, )
2015) =0.56; P<0.001 Dispnea mBorg -3 (010)
’ Leg fatigue mBorg - 3(0;100)
Criterion validity
(Sflét&eg be)t step test VOamax vs. CPET VOzpeak. RERpes - 1024014

r=0.862, p<0.001
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Criterion Validity
Heart rate from 6MSrT vs. heart rate from ventilatory

threshold CPET
r=0.48
(Fagr&%t K HRpeax - 118 (83-152) bpm
Construct Validity
Heart rate from 6MSrT vs. heart rate from 6MWT
r=0.68 and r=0.62
Criterion validity
(Hansen et al, step test VOzmax vS. CPET VOzpeak. %pHRmax=86+12;
201) RPEBorg=13+2.
r=054,p<0.01
Construct Validity
number of steps vS. Q\Stancg yvalked on 6MWT HR e with 20,3cm box - 11674150 bpm
(Hongetal Criterion Validity " :
2019) Aumber of steps vs, VO, HRpeax with 30,0cm box - 137,5¢17,8
. max bpm
3MSTa0-r=0.866p<0.053MST30-r=0.859,p<0.05

Construct Validity

(Iturian number of steps vs. distance walked in GMWT Steptestivs. Stepteste

Barron et al HRpeak - 147+2,3 bpm
.y _ _ 0, i— X . 1 _
2021) 3MSTE: = 0.833; p<0.001 and 3MST2: 1= 0868, ICC=0.944-95%ci=0.771,0.97S; Fatigue mBorg - 413+2,2
P<0.001.
p<0.001
Construct Validity
number of steps vs. distance walked ReSHONSIVENess: to
| =0.56; P<0.0001 P ‘
(Groshais et PR —improvements Not described
al, 2016) on 6MST, r=0.34;

Criterion Validity
number of steps vs. VO2max
r=0.39; P<0.005

P=0.03
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(da Costa et
al, 2014)

Number of steps 1vs number of steps
2 vs.number of steps 3
ICC=0.80-0.94; mean error of 5.7
steps and limits of agreement
between -7 and 18 steps

ND

(José & Corso,

Construct Validity
number of steps an each step test vs. distance walked
in BMWT

Patients (CST/MIST)
9%HRmax- 76211/76+12
mBorg dyspnea - 4 (3-7)/4 (3-7)
mBorg leg fatigue - 5 (3-7)/5 (3-7)

20716) Controls (CST/MIST)
(Patients group) CST -r=0.59, p<0.001; MIST - 1= 0.64, %HRmax - 85+13/85+13
p<0.001 mBorg dyspnea - 2 (1-3)/2 (1-3)
mBorg leg fatique - 2 (1-3)/2 (1-4)
Criterion Validity Step test1vs Step Test 2 B
(J. Buckley et VOzpeak CPET vs. VO, predicted by step test RI(F;EH(Sorg} 811?51%0
al,2004) bias+95% LoA 0.8 (3.7) ml/kg/min W(;/O e 65’ 6¢§ 3
hias+95% LoA -22.8 ml/kg/min (p=0.006) (trial 1) (p>0.05) o emax T DR
Criterion Validity
(Kngggj)tal,, predicted VOzpeak vS. measured VOzpea HRpeok - 174221 bpm

r=0.78, p<0.001

(Marrara et al,
2012)

Responsiveness to
RP (effect size of
approximately 11
steps on physical

training group)

Pre RP (Experimental/Control)
mBorg - 1/0.5 (0,5-5,0)
Post RP (Experimental/Control)
mBorg - 0 (0-2)/0 (0-5)

(Lemanska et
al, 2019)

Criterion Validity
number of steps vs. VOzpeak

r=0.69, p<0.001,95%Cl 0.54 to 0.80

Step test Tvs. Step test 2

ICC=0.81,p<0.001,95% Cl0.70 to
0.8S.

HRmax - 141,6+20,7 bpm
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Criterion Validity

LN
VOzpeak (Ml/kg/min) - 24,937
RER -1,04+0,09
%HRmax - 92+8
mBorg dyspnea - 3 (0,5-8)

(Carvalho et VOzpeak CPET vS. VOzpredicied DY Step test mBorg leg fatigue - 3 (0-7)
al, 2015) OB
r=0.86,p<0.05 VOzpeak (MI/kg/min) - 17,6431
RER-107+0,10
%HRmax - 909
mBorg dyspnea - 3,5 (0-10)
mBorg leg fatigue - 2 (0-10)
Construct Validity
number of steps CST vs. total distance in EMWT/level % HRmax in CST: Control group -
(Karloh et al, onISWT 83,514,9%; COPD group - 70,5£10,5%;
2013) ABorg in CST: Control group - 2,6+2,1%;
r=0.76, p<0.02. (CST vs. BMWT); r=0.76, p<0.01 (CST vs. COPD group - 2,6+2,7%.
ISWT)
Construct Validity
(Magalhaes number of steps vs. distance walked SteptestTvs Step Teste %HRmax - 74,2+11,8;
etal,2020) Leg fatigue (mBorg) - 5,1+1,9.
1= 0,520,p < 0.00] 0976 (0.957-0.986, p<0.001.
Criterion validity Step teston visit 1 \és. Step teston visit
(Mooreeta, | TN ValUes fOr Oz estimated from the second step 0RO Vi~ 73265
2013) ‘ y cpeate ICC=0.97, LoA +2.2mL-kg-1-min-1, % HR max ON Visit 2 - 75£8%.
, (95% Cl of 0.94 t0 0.99), 7 =097 (35%
= ka-1- — o) ,
r=0.79,LoA +5.7mLkg-1-min-1,(35% CI 0.55 to 0.91) (1093 t0 0.99)
Number of step 1vs. number of step 2
(Munariet al, Described VOamax plateau
2020) ICC=0.98,P<.001 HRpeak - 119 + 12.3 (%HRmax = 81.5%)

SEM of 4.27 and an MDC of 11.8
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Responsivenesstoa

HRpeak
Experimental — pre: 112+13; post: 11613

RP; pre-post: Control — pre: 118,8+15; post: 113+10
(Murphy et al, Experimental group Dyspnea (mBorg)
2005) increased from 119 to Experimental — pre: 5,5+2,55; post:
163 steps (both 4,9+1,76
P<0:001) Control: pre — 5,1+3,24; post: 5,3+3,6
Criterion Validity VO, (mL/kg/min) - 12,5 (11,8-13,2)
Riccietal number of steps vs. VOzmax RER -1,01(0,96-1,06)
>019) %HRmax- 74,3 (709-77,7)
r=0.70, P<0.001 (VOzpea from CPET and 2MST); mDyspnea Borg - 2 (0-7)
r=0.55; P=0.01 (VOzpeax VS. Step cicles) mLeg fatigue - 0 (0-6)
ToRP.
Construct Validity Number of steps Pre RP
. . HRpeak — 117.9£15.8 bpm
Number of steps vs. Walked distance raised 22.5 steps; .
‘ 95% C1138-313, p < Leg discomfort (VAS) - 439+ 21cm
(P|c28:6e)t al, Pre - r=0.72: p<0.0001 0.0001. Dyspnea (BWOBSirE)p— 54+20
Post-r=0.66;p<0.0001 MID was estimated to
HRpeak -189+17 bpm
be around 20 steps .
Leg discomfort (VAS) —45+2.0cm
SEM was 176and Dyspnea (mBorg) - 49+ 2.1
23.5 steps yop g-~ ]
Responsiveness to
Criterion Validity Craerﬁla%\l(“atzzuol gr
(ReEeOdZ%T:)aI_, number of steps vs. VO peak program:A19+50 Not described
~ . mLkg-1Tmin-1,p =
r=0.693,p<0.001 0300:n=29n
\/OZmax
Construct Validity
(Reychleret | number of steps of 6MST vs. distance walked on BMWT HRpeak - 1129+25 bpm
al, 2018) Fatigue VAS - 5,40 (0,5-10,0mm)
r=0.320,p=0.013
A Criterion Validity
(Rggeaz)ah number of steps vs. VOzpeak RER-112+0,8
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r=0.69; p <0.001

Criterion validity
mean values for VOzmax from the step test vs. CPET

VOzmax (L/min) = 0.98+0.22;
RQ=055+0.06;

(est gla';oo;‘; measured VOzpes 96pHRuma = 84.4:8 4,
! Dyspnea mBorg= 4 (0-10);
r=0.52, p<0.05, mean bias+35% Cl Leg effort mBorg = 4.5 (0-10).
IST-1
VOamax - 1,19+0,39L/min
HR - 134+21(88+13% of HRmax)
(Simone Dal Criterion Validity Steptestivs.Stepteste Dg;ggff:;ifg
CO;SSS el VOzpes I the E?SS %ED zegtovg()v]ogpeak nCPEt ICC = number of steps 0.99 (0.97- IST-2
THIApEY 0.99), V0, 0.99 (0.98-0.995) VOamax - 1,20+0,40L/min
HR -132+21(86+12% of HRmax)
Dyspneia mBorg - 5142,
Fatigue mBorg - 5,1+2,7
(Swinburn et Criterion validity
al. 1985) VOomax PST vs. VOomax CPET VOzmax = 1010190 (mL/min)
g R2=0.74: p<0.001.
Criterion validity
(Terenetal, step test VOamax vS. CPET VOzpeak. HR 120 (103-138) bpm
>016) Borg - 14 (12-150) _
= 064 p<0.001 VOamax - 26,4 (25,0-28,1) mL/min/kg
(CdeF Construct Validity Step testTvs. Step test 2
Travénsolb ot number of steps of 6BMST vs. distance walked on 6MWT HRpaak - 117.3+16.3 bpm
al. 2020) ICC=0.967:95% Cl: 0.766,0.989: Dyspnea mBorg - 4.6+2.1

r=07,p<0.001

p<0.05
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(Vilarinho, nUmbercoﬂ"sstter“;g?!?a'%g - testTvs test 2 of aCST %pHRmpe = 94.0 £ 6.5%,
Mendes, et al, PSVS. Blood lactate=11.3 + 4.5 mmol/dl.
2021) 038<r<055p<005 ICC=0.48(0.03t0 0.76) p<0.001 RPEBorg=184+15.
Criterion validity VOzpeaEEJQO]Bf?igq%/mln)
(Vieiraetal, step test VOamax VS. CPET VOzpest. o e
2020) YoHRmax- 84+7%
=0.84 0 <0.001 mBorg dyspnea - 5+3
—eapsl mBorg leg effort - 6+2

RP —rehabilitation program; VOamax — maximal oxygen uptake; HRmax- maximal heart rate; %HRmax — percentage of maximal heart rate; RER - respiratory exchange ratio; RPE — Rate of Perceived
Exertion; Borg — Borg Exertion Scale; mBorg — Madified Borg Exertion Scale; VAS — Visual Analog Scale; %V Ozmax — percentage of VOamax; VOzpeak — peak of maximal oxygen uptake; 0SA — Obstructive
Sleep Apnea; mL — millilitres; kg — kilogram; min — minute; bpm — beats per minute; ND — Not described;

52



53



Appendix 4 — Methological quality assessment for measurement properties.

Content Validity Construct .
- Responsiveness
. . . Validity
Asking patients Asking experts > > -
> ] = ]
2 | & s | 3 | B | £ 2| e | 2| 2z|£|3 |2| &5;
@ = = = e © = o > 5 = o 5 TS
Reference w 5 =) ) ] © Gl S ] E s = o £ =Yy oF
w] [1°] o > 5 o = ] w =] = = “—
c = 2 = 7 2 = = 7] = ‘= 2 o 25 =4 29
g 2 T g S 5 = o & o 2 = = ST |cf <5
KT o = 2 = = o 0 > G & = 28 |23 o=
O it e T a & =] =) g = = o 8 |24 oE
& | g |g| ¢ 5 £ 6 | 5| 8" |8% B3
g |8 S S| 88§ |E| EF
o 194 o 8 8
(Riccietal,
2019) D A A V D A D V V N N V N N
omsT | (Bragheret A Y v Y D N v N N A N
al,2021)
(De Blok et
al. 2006) D D A N N N N N N N D
(Beaumont
etal, 2019) A A A D D V V V V V N V N N V V
(Iturian
Barronetal, N N N D D V V V V V N V N N V N
2027)
3msT | Hongetal, | g D D v A A N D v v N v v N
2019)
(Murphy et
al. 2005) D D A N N N N N N N D
(Borel et al,
2016) D A A N N N N N A N A
(Cofre-
3MSTx1| Bolados et D A A V V A N D V V N V V N
al, 2018}
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6MST

(S.Dal Corso
etal, 2007)

(Magalhaes
etal, 2020)

(Carvalho et
al, 2015)

(Rittetal,
2027)

(Di
Thommazo
-Luporini et

al, 2015)

(Reychler et
al, 2018)

(Arcurietal,
2016)

(CdeF.
Travensolo
etal, 2020)

(Munari et
al, 2020)

(da Costa
etal, 2014)

(Pessoa et
al, 2014)

(Marrara et
al, 2012)

6MSrT

(Grosbois et
al, 2016)

(Bonnevie
etal, 2019)
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(Fabre et
al, 2017)

(Bonnevie
etal, 2017)

(Pichon et
al, 2016)

(Coguartet
al, 2016)

(Coguartet
al, 2015)

aCsT

(Vilarinho,
Mendes, et al,,
2021)

cstT

(Karloh etal,
2013)

(de Camargo
etal, 2011)

(J. Buckley et
al,2004)

(José &
Corso, 2016)

(Reedetal,
2020)

FRST

(Hansenetal,
201)

IST

(Simone Dal
Corsoetal,
2013)

(Vieiraetal,
2020)

MIST

(José &
Corso, 2016)
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(Swinburn
PST etal, 1985) | | | | | A A A N D V N N N N N
(Mooreetal,
o013) N N N D A D V V V V V V V V
SST ( ”
Lemanska
etal, 2019) v v v v v v N v Vv N N
(Knight et al,
STEP 2014) A A V N D V N N V N N
(Terenetal,
YMCA 2016) V D V N V V N N V N N
YMCA- Beut ;
+HmHB | CEUT € \ | | \ | v A A N D A N D v N N
c al, 2015b)

2MST - 2-Minute Step Test; 3MST - 3-Minute Step Test; 6MST - 6-min Step Test; 6MSrT - 6-minute Stepper Test; 12MWT —12 Minute Walking Test; aCST - Adapted Chester Step Test; CST -

Chester Step Test; IST - Incremental Step Test; mIST - Modified Incremental Step Test; PST — Fixed Rate Paced Step Test; SST - Siconolfi Step Test; SFRST - Standardized Fixed-Rate Step Test;

ST3x1- Step Test 3x1; STEP - Step Test and Exercise Prescription (STEP); YMCA - YMCA-Step Test; +ImHBC - +1-Minute Heart Beat Count.
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Appendix 5 - Quality level assessment (GRADE) of the measurement properties.

Conte
nt
validit

Relevan
ce

Comprehe
nsi-veness

Comprehensi
bility

Structur
al
validity

Internal
consiste
ncy

Cross-
cultural
validity

Measurem
ent
invariance

Reliabili
ty

Measurem
ent error

Criterio
n
validity

Constru
ct
validity

Responsiven
ess

2MST

OVERA
LL
RATING

+/-/?

+

QUALIT
Y OF
EVIDEN
CE

High,
modera
te, low,

very
low

Low

Low

Low

Low

High

Low

High

Low

Low

Low

Low

Low

Very Low

3MST

OVERA
LL
RATING

+/-/?

QUALIT
Y OF
EVIDEN
CE

High,
modera
te, low,

very
low

Low

Low

Low

Low

High

High

High

Moderate

Moder
ate

Moderate

Low

High

Moderate

3MST
x1

OVERA
LL
RATING

+/-/?

QUALIT
Y OF
EVIDEN
CE

High,
modera
te, low,

very
low

Low

Low

Low

Low

High

High

High

Very Low

Low

Very Low

High

High

Very Low

6MST

OVERA
LL
RATING

+/-/?

QUALIT
Y OF
EVIDEN
CE

High,
modera
te, low,

very

low

Low

Low

Low

Low

High

Moderat
e

High

Low

Moder
ate

Moderate

Low

Moder
ate

Very Low

6MSr

OVERA
LL
RATING

+/-/?

QUALIT
Y OF

High,
modera
te, low,

Low

Low

Low

Low

High

Moderat

High

Low

Moder
ate

Moderate

Low

Moder
ate

Low
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EVIDEN | very
CE low
OVERA
L |+/-/?| - - - - + + + ? - + + - -
RATING
aCST | QuALIT ml-(l;gz;a Mod Mod
E\\;ISEN telow, | Low | Low Low Low High High oder VeryLow | Low | Moderate 0T Low Low
s very ate ate
low
OVERA
LL [(+/-/?| - - - - + + + + + + + + -
RATING
CST | quaur | High.
Y OF rt"°dera Moder | Moderat| .. Moder . Moder | Moder
evipen | telow. | Low | Low Low Low High | Moderate High Low
s very ate e ate ate ate
low
OVERA
LL |+/-/?| - - - - + + ? ? ? - + ? ?
RATING
SPRS qunur | 0 , , ,
Y OF . . ery ery . ery
|
EVIDEN tci,et:;u, Low | Low Low Low High High Low Very Low Low Low High Low Very Low
CE low
OVERA
LL |+/-/?| - - - - + + ? ? + ? ? + +
RATING
ST | ounrr | ot ; ,
Y OF . . ery . ery . .
EVIDEN t?:::;" Low | Low Low Low High High Low VeryLow | High | VeryLow Low High High
CE low
OVERA
LL |+/-/?| - - - - + + + + - + - + -
RATING
miST |quar |
ey | elow, | Low | Low | Low Low High | High | High | High | Low | High | Low | High Low
CE very
low
OVERA
PST L |+/-/?] - - - - - - - ? ? ? + ? ?
RATING
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High,

QUALIT modera
E\\;ISEN telow, | Low | Low Low Low Low Low Low Low very Very Low Moder | - Very Very Low
very Low ate Low
CE low
OVERA
LL |+/-/?| - - - - + + - - + + ? - -
RATING
ssT [quur | 1
oy | telow, | Low | Low | Low Low High | High | M09 | Moderate| High | High | Moder | Moderi o o
very ate ate ate
- low
OVERA
LL |[+/-/?| - - - - + + + ? - ? + - -
RATING
High,
STEP Qe%‘;:” modera
evipen | t&low. | Low | Low Low Low High High High | VeryLow | Low | VerylLow | High Low Low
very
- low
OVERA
LL |+/-/?| - - - - + - + - - - + - -
RATING
High,
YMCA Q:{J?)I;:IT modera
evipen | t&low. | Low | Low Low Low High Low High Low Low Low High Low Low
CE very
low

2MST - 2-Minute Step Test; 3MST - 3-Minute Step Test; 6MST - 6-min Step Test; 6MSrT - 6-minute Stepper Test; 12MWT - 12 Minute Walking Test; aCST - Adapted Chester Step Test; CST -
Chester Step Test; IST - Incremental Step Test; mIST - Modified Incremental Step Test; PST — Fixed Rate Paced Step Test; SST - Siconolfi Step Test; SFRST - Standardized Fixed-Rate Step Test;

ST3x1-Step Test 3x1; STEP - Step Test and Exercise Prescription (STEP), YMCA - YMCA-Step Test; +ImHBC - +1-Minute Heart Beat Count.
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Appendix 6 — Level of quality of the study designs.

Article A: Se!ection B: St}jdy C: ' D:. E: Data Collection | F: Withdrawals and Drop- Leve! of

Bias Design Confounders | Blinding Methods outs quality

(Beaumont et al, 2019) Strong Moderate Weak Strong Strong Strong Moderate
(Beutner et al, 2015b) Strong Weak Moderate Weak Moderate Strong Weak
(Bonnevie et al, 2017) Moderate Weak Strong Weak Strong Strong Weak
(Boreletal, 2016) Moderate Weak Moderate Weak Strong Strong Weak

(C deF. T;%VSS)SOIO etal, Strong Strong Strong Weak Strong Strong Moderate
(Carvalho et al, 2015) Moderate Weak Strong Weak Strong Strong Weak

(Coguart et al, 2015) Moderate Moderate Strong Weak Strong Strong Moderate

(Cogquart et al, 2016) Weak Strong Moderate Strong Strong Strong Moderate
(de Camargo et al, 2011) Moderate Strong Weak Strong Strong Strong Weak
i Thommaazgw—;uporim etal, Moderate Weak Strong Weak Moderate Strong Weak
(Fabre et al, 2017) Moderate Weak Strong Weak Moderate Moderate Weak
(Hansen et al, 201) Strong Weak Weak Weak Moderate Weak Weak

(Hong et al, 2019) Strong Moderate Strong Weak Strong Strong Moderate

(Iturian Barron et al, 2021) Weak Strong Moderate Strong Strong Strong Moderate
(1. Buckley et al, 2004) Weak Weak Weak Weak Strong Strong Weak

(José & Corso, 2016) Moderate Moderate Strong Weak Strong Strong Moderate

(Knight et al, 2014) Strong Moderate Strong Weak Moderate Strong Moderate
(Lemanska et al, 2019) Moderate Weak Strong Weak Strong Moderate Weak
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(Karloh et al., 2013) Weak Strong Weak Weak Moderate Strong Weak
(Magalhaes etal, 2020) Strong Strong Strong Weak Strong Moderate Moderate
(Marrara etal, 2012) Moderate Weak Weak Moderate Moderate Moderate Weak
(Moore etal, 2013) Strong Weak Weak Weak Strong Moderate Weak
(Munari et al, 2020) Moderate Weak Weak Weak Strong Weak Weak
(Murphy et al, 2005) Moderate Weak Moderate Weak Moderate Moderate Weak
(Pichon et al, 2016) Moderate Weak Weak Weak Strong Weak Weak

(Reychler etal, 2018) Strong Strong Strong Moderate Moderate Strong Moderate
(Riccietal, 2019) Moderate Weak Weak Moderate Moderate Moderate Weak
(Ritt et al, 2021) Moderate Weak Moderate Weak Moderate Moderate Weak
(S. Dal Corso et al, 2007) Moderate Weak Weak Weak Strong Moderate Weak
(Simone Dal Corso et al, 2013) Moderate Weak Weak Weak Strong Weak Weak
(Terenetal, 2016) Strong Weak Weak Weak Moderate Strong Weak
(Vieiraetal, 2020) Moderate Moderate Weak Weak Moderate Strong Weak
(vilarinhio, Mendes, et al, Weak Weak Weak Weak Moderate Moderate Weak

2021)
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