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Abstract

Background: The One-Minute Step Test (IMST) seems to be a useful tool for exploring the component of energy
metabolism used in Activities of Daily Living (ADL), but it is still little explored in patients with Heart Failure (HF) in the
hospital environment.

Objective: To evaluate the feasibility and safety of performing 1MST in hospitalized patients with HF.

Methods: Data were collected using electronic medical records and evaluative tests from patients with HF. The safety
of the TMST was assessed through vital signs records, perceived exertion, adverse events, and feasibility based on the
ability to complete the test. The paired Student’s T-test and Wilcoxon test were employed to compare the data before
and after the test, depending on the distribution of the data, while the relationship between the variables was examined
using Pearson’s correlation test. The significance level set was p < 0.05.

Results: Twenty patients were evaluated between May and December 2022. All patients completed the test, and no
adverse events were recorded. Heart rate (HR) (p < 0.001), systolic blood pressure (SBP) (p = 0.01), mean arterial
pressure (MBP) (p = 0.03), and respiratory rate (p < 0.001), and peripheral oxygen saturation showed a reduction
(p = 0.04). A negative correlation was observed between TMST and age (r = -0.46; p = 0.03) and a positive correlation
between 1MST and length of stay in the CICU (r = 0.44; p = 0.04).

Conclusion: It is concluded that the 1MST is a safe and viable tool for assessing the anaerobic metabolism of patients
with HE
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depletion and reduced exercise capacity,** leading to
a shift in energy metabolism with increased reliance
on anaerobic pathways for energy production.® These
alterations may be attributed to impaired muscle perfusion
and a consequent shift from type | to type Il muscle
fibers, which rely predominantly on anaerobic glycolytic
metabolism for energy.®

Introduction

Heart Failure (HF) is a complex clinical syndrome
characterized by the heart’s inability to eject blood
adequately to meet the metabolic demands of peripheral
tissues, or by doing so only at the expense of elevated
filling pressures.”? Throughout the course and progression
of the disease, individuals experience multiple changes
in skeletal muscle composition and function, leading to
sarcopenia, dyspnea, and cardiac cachexia,® often resulting
in hospitalizations.

In the early phase of physical exercise, energy production
is primarily anaerobic, and this pathway may be impaired in
individuals with HF, affecting short-duration daily activities
and limiting autonomy. Therefore, assessing this phase of
metabolism in patients with chronic conditions becomes
relevant when designing short-duration, high-intensity
individualized exercise programs.”?

During hospital stays due to HF decompensation, prolonged
bed rest is associated with worsening musculoskeletal

One tool used to evaluate anaerobic metabolism,
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which can indirectly indicate adaptation to short-duration
activities,® is the One-Minute Step Test (IMST). The TMST
targets the energy metabolism component required for
performing Activities of Daily Living (ADLs).”

The TMST appears to be a promising, low-cost tool for
assessing anaerobic metabolism,® with the advantage of
enabling continuous monitoring in a small physical space.’
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HF: Heart Failure

However, to date, the test has only been used in studies
involving healthy individuals and those with coronary artery
disease and chronic lung disease”'*'? with no prior reports
of its use in intensive care therapy for HF patients.

This study aimed to evaluate the safety and feasibility
of performing the TMST in hospitalized HF patients and,
additionally, to assess physiological changes before and
after the test.

Methods

Study designh and sample

This cross-sectional observational study was conducted
in the Cardio-Intensive Care Unit (CICU) of a university
hospital in Rio de Janeiro. Patients hospitalized in the
CICU with HF in a clinically compensated phase were
recruited between May and December 2022. The study
was approved by the institutional ethics committee (CAAE:
52759221.3.0000.5259). All patients were approached
and invited to participate, and they voluntarily signed an
informed consent form prior to evaluation, in accordance
with national regulations.?

Individuals over the age of 18, of either sex, hospitalized
in the CICU between May and December 2022 with a
diagnosis of HF were included. Exclusion criteria were: Left

Ventricular Ejection Fraction (LVEF) less than 20%, patients
listed for heart transplantation, pregnancy, symptomatic
orthostatic hypotension, severe obstructive cardiomyopathy,
severe aortic valve stenosis, clinically unstable ventricular
or supraventricular arrhythmias, atrioventricular block,
severe pulmonary arterial hypertension with Pulmonary
Artery Systolic Pressure (PASP) > 70 mmHg, diagnosed
pulmonary disease, osteomyoarticular and/or neurological
limitations, cognitive conditions that impaired evaluation
test performance, hemodynamic instability (defined as:
Systolic Blood Pressure (SBP) < 90 mmHg or Mean Arterial
Pressure (MBP) < 65 mmHg, Heart Rate (HR) < 40 or
> 130 bpm, SpO, < 88%) and/or signs of low cardiac output
(such as peripheral hypoperfusion, altered mental status,
cold and cyanotic extremities, and/or reduced urine output
< 0.5 mL/kg/hour, vomiting, and/or complaints of dizziness
or headache)." "

Data Collection

Sociodemographic data and complementary test results
were collected from electronic medical records, and
bedside evaluations were performed when the patient
was clinically stable and discharge from the CICU was
anticipated. During the TMST, hemodynamic and clinical
variables were recorded.
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Step Test

The test was performed using a standardized step
measuring 17.5 cm in height, 29 cm in depth, and 60
cm in width. Before the test, the evaluator demonstrated
the movement, and the volunteer was asked to repeat it
to ensure correct performance. The volunteer remained
seated at rest for ten minutes for baseline vital sign
collection. Next, volunteers were instructed to “step up
and down continuously for one minute, as many times as
possible”.”'® Each full cycle was recorded as a complete
step up and down, always starting each new cycle with
the same foot.? Hand support on the wall was permitted if
needed. Upon completion, participants remained seated
at rest for ten minutes or longer, as needed. Adverse events
are described in Figure 1.2

HR monitoring and recording were performed
continuously; measurements of Blood Pressure (BP), Mean
Blood Pressure (MBP), and SpO, were taken before and
immediately after the test using the bedside multimodal
monitor (Mindray IPM 12). Hemodynamic changes were
recorded before and after the test. Additionally, subjective
dyspnea and lower limb fatigue were measured using
the Rate of Perceived Exertion (RPE), rated from 0 to 10
(0 = “no exertion” and 10 = “extremely difficult”),?'2
along with the number of step-up/step-down cycles and
musculoskeletal pain assessed using the Visual Analog
Scale (VAS).?

Test feasibility was determined based on the total
number of individuals who completed the test,® patient
acceptance of the evaluation, the participation of two or
more physical therapists during assessment, availability of
required materials (step, continuous monitoring system with
BP cuff, pulse oximeter, 5-lead ECG cable), and practicality
(test duration not exceeding 30 minutes on average).?

Statistical analysis

Descriptive statistics were presented as absolute
frequencies and percentages for categorical variables, and
as mean (standard deviation) or median (25-75 percentile)
for continuous variables, depending on the distribution
as determined by the Shapiro-Wilk normality test. Paired
Student’s T-test was used to compare HR, BF, MBP, and RR
variables, and the Wilcoxon test was used for SpO,, dyspnea
RPE, lower limb RPE, and lower limb VAS.

Pearson correlation coefficients were used to assess
associations between the number of step cycles and both
age and hospital length of stay. Values of r = 0.3-0.5 were
considered low correlation, r = 0.5-0.7 moderate, and
r = 0.7-0.9 high correlation.?* All analyses were conducted
using JAMOVI software version 2.3.2.1, with P-values < 0.05
were considered statistically significant.

Results

During the data collection period, 245 patients were
admitted to the CICU. Of these, 40 met the inclusion criteria.
Twenty individuals were excluded based on predefined criteria
(Figure 2). The study participants had a mean age of 60.9 years,
were predominantly male, and had an average hospital stay of
seven days. Additional clinical and demographic characteristics
are presented in Table 1. The central figure summarizes the
main benefits and findings of this study.

No adverse events occurred during the TMST or the
recovery period. All volunteers completed the test, and 26%
used upper limb support. Evaluation required at least two
physical therapists, a standardized step, and continuous
monitoring equipment. The physiotherapist demonstrated
the test, and vital signs and RPE were recorded before and
after. The entire evaluation process, including chart review,
informed consent, test execution, and data collection, took
approximately 30 minutes.

—_
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Increased SBP > 180 mmHg.

MBP < 65 mmHg accompanied by low output symptoms, such as sweating, nausea, abdominal pain,
paleness, and cold extremities.

HR > 130 bpm, or a 70% increase in maximum HR predicted for age.
HR < 40 bpm or a 20% reduction in resting HR.

Conduction disorders, including atrioventricular block of grades 2 and 3, atrial fibrillation,
supraventricular tachycardia, or complex ventricular arrhythmia.

Exertional angina and vascular claudication.
Occurrence of a fall or injury.
Muscular or osteoarticular pain with a VAS > 6 points difference before and after the test.

Displacement of devices such as tracheostomies, femoral dialysis catheters, venous and arterial
catheters, nasogastric tubes, pleural drains, and bladder catheters.

Figure 1 - Classification of adverse events. SBP: Systolic Blood Pressure; MBP: Mean Blood Pressure; HR: Heart rate; VAS: Visual

Analog Scale.
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Listed for heart transplant (n = 2)
EF <20% (n = 6)
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v

Assessed
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v

Clinical instability (n = 2)

Severe aortic stenosis (n = 1)
COPD (n=1)

Osteomyoarticular involvement (n = 8)

Figure 2 - Study flowchart. EF: Ejection Fraction; COPD: Chronic Obstructive Pulmonary Disease.

Key clinical and physiological characteristics before and
after the TMST are listed in Table 2. A statistically significant
increase in hemodynamic variables and perceived exertion
was observed post-test, including HR, SBP, MBP respiratory
rate, and lower limb RPE. A statistically significant decrease
in SpO, was also noted. An average of 11 step cycles
was recorded, and the number of test cycles showed a
weak negative correlation with age and a weak positive
correlation with CICU length of stay (Figures 3A and 3B,
respectively).

Discussion

This study demonstrated that performing the TMST in
hospitalized HF patients is both feasible and safe, suggesting
it may be a useful tool for evaluating anaerobic metabolism in
clinically stable ICU patients. It is a simple test that adds to the
physiotherapist’s toolkit for exercise assessment and prescription
in this population. This was the first study to use this tool in the
ICU setting with this patient profile.

In an outpatient study with patients with Coronary Artery
Disease (CAD), the TMST was shown to be safe in over 90% of
cases.” No studies were found in the literature assessing the safety
of the TMST in HF patients or its use in intensive care settings.

Feasibility was determined by test adherence and practical
applicability in the ICU. Laroche et al. reported that 13% of healthy
individuals stumbled at least once during the test, with no falls or
need to interrupt the evaluation.” In Besson et al.’s study,® which
included patients with CAD performing the TMST after exercise,
three patients were unable to complete the test due to difficulty
and poor coordination. In contrast to those studies, all volunteers
in our study completed the test without reports of difficulty
or stumbling. This may be attributed to prior performance for
familiarization and the option to use support in case of imbalance.

During the TMST, a significant increase in the analyzed
hemodynamic variables, respiratory rate, and lower limb RPE was

observed, along with a small but statistically significant drop in
SpO,. These findings show that the TMST induces cardiovascular
load, as expected during physical effort, and did not result in
adverse events, suggesting it may serve as a non-invasive functional
assessment tool for anaerobic metabolism.® Previously, Besson
et al. assessed TMST hemodynamic variables at three different
points and observed increases in HR, SBP, and Diastolic Blood
Pressure (DBP), but found no significant difference between pre-
and post-test periods.®

The number of step cycles completed in one minute has been
used in clinical practice as a criterion for evaluating anaerobic
metabolism.” The average of 11 cycles observed in this study
showed a negative correlation with age, similar to other studies
involving individuals without heart disease. In those studies,
younger individuals (mean age 25 years) averaged 76 cycles,?
while another group (mean age 32 years) performed 52 cycles.”

Among cardiac patients without HF, Besson et al. reported
an average of 43 cycles in patients with a mean age of 57
years.® This discrepancy may be explained by the progressive
musculoskeletal depletion seen in HFE? compounded by
inflammation and autonomic imbalance, which contribute
to physical dysfunction and reduced exercise tolerance.?*
Additionally, the aging process and hospitalization may further
exacerbate functional decline,”* impacting TMST performance.
Acorrelation wasfound between ICU length of stay and TMST cycles,
indicating that patients who stayed longer in our unit performed
better on the test. This finding may be explained by the volunteers’
exposure to an individualized cardiac rehabilitation protocol,
which is performed daily during their hospitalization in our unit.
It is worth noting that although different populations have been
evaluated regarding the measurement of anaerobic metabolism
through the TMST, there is still no cutoff point related to the
performance of this test. Nevertheless, the TMST performance
appears to be a reliable and valid criterion for evaluating the short
and intense demand of metabolism, being independently related
to blood lactate concentration and EPOC.? The results of this
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Table 1 - Participants’ clinical and demographic characteristics

Characteristics Participants (n = 20)
Age (years) 60.9 + 14
Men (%) 70.0 (14)
Race (%)
White 30.0 (6)
Black 45.0 (9)
Mixed-race 25.0 (5)
Body mass index (kg/m?) 285+ 6
LVEF (%) 376 11.4
HF classification (%)
HFrEF < 40 60.0 (12)
HFmrEF 40-49 30.0 (6)
HFpEF > 50 10.0 (2)
NYHA (admission - %)
=1 15.0 (3)
-1V 85.0 (17)
ADHERE (%)
Low 60.0 (12)
Intermediate 40.0 (8)
Comorbidities (%)
Systemic arterial hypertension 65.0 (13)
Diabetes mellitus 55.0 (11)
Dyslipidemia 25.0 (5)
Coronary artery disease 35.0 (7)
Atrial fibrillation / Flutter 45.0 (9)
Orovalvular disease 20.0 (4)
Chronic renal failure - non-dialysis 25.0 (5)
Obesity 35.0 (7)
Others 15.0 (3)
Medications (%)
Vasodilators 30.0 (6)
Antiarrhythmics 35.0 (7)
ACEI/ARB 35.0 (7)
Beta blockers 40.0 (8)
Diuretics 50.0 (10)
Others 30.0 (6)
CICU stay (days) 7.0(3.7-12)
Hospital stay (days) 21.0 (12 - 29)

Data are expressed as mean * standard deviation, median (25 - 75% interquartile range), or absolute frequency and percentage.
NYHA: New York Heart Association functional classification of HF; ADHERE: predictor of in-hospital mortality in patients with HF;
LVEF: left ventricular ejection fraction; HFrEF: heart failure with reduced ejection fraction; HFmrEF: heart failure with intermediate
ejection fraction; HFpEF: heart failure with midrange ejection fraction; CVA: cerebrovascular accident; TIA: transient ischemic attack;
ARB: angiotensin receptor blocker; ACEl: angiotensin-converting enzyme inhibitor; CICU: cardio-intensive care unit; HF: Heart Failure.

Int J Cardiovasc Sci. 2025; 38:20240174
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Table 2 - Clinical variables before and after the 1MST

Before After P-value
HR 78.8 £ 14.1 92.2+19.4 < 0.001
SBP 119 + 16.6 125 £ 16.2 0.01
DBP 74.5+17.2 78.4+14.6 0.07
MBP 89.2 £ 14.8 93.9+12.7 0.03
RR 17.4+3.2 22.8+7.3 < 0.001
Spo, 98.5 (94.0 - 100.0) 97.5 (93.0 — 99.0) 0.04
Dyspnea RPE 0(0-5) 1(0-10) 0.22
LE RPE 0(0-8) 0(0-5) 0.005
LE VAS 0(0-10) 0(0-28) 0.41

Data expressed as mean * standard deviation, or median (25 - 75% interquartile range). HR: Heart rate; SBP: Systolic Blood
Pressure; DBP: Diastolic Blood Pressure; MBP: Mean Blood Pressure. RR: Respiratory Rate; Sp0, Peripheral Oxygen Saturation;
RPE: Rate of Perceived Exertion; LE: Lower extremity; VAS: Visual Analog Scale. Statistically significant p-values are in bold.

Age (years)

T T T T |
0 5 10 15 20 25
Step cycle

25 1

20 1

o

Days in the ICU

o

T : T T !
0 5 10 15 20 25
Step cycle

Figure 3 — 3A: Correlation between age and number of cycles performed in the 1-minute step test (1MST). 3B: Correlation between
days of hospitalization in the CICU | and number of cycles performed in the 1TMST.

evaluation can be used to support the prescription of individualized
training that resembles the daily activities of individuals.?

Limitations

Regarding limitations, we highlight that direct quantification
of anaerobic metabolism was not performed, such as through
lactate, due to the difficulty in collecting the test and the
need for central venous access, since most of the volunteers
already had no access. Another limitation was the absence of
a scale that assessed daily activities and frailty for comparison
purposes with the performance on the TMST.

Conclusion

The TMST proved to be a safe and viable tool for assessing
the anaerobic metabolism of patients with HF admitted to the

ICU, since no participant presented any adverse events, and the
exam was completed by all volunteers. In addition, a correlation
was observed between the TMST performance and age and
length of ICU stay, which has never been demonstrated in the
current literature. Therefore, it is expected that the TMST will
be a tool capable of assisting in the prescription of exercises, on
an individualized basis, for heart disease patients, since it is easily
reproducible in clinical practice.

Author Contributions

Conception and design of the research: Volotao AN, Diniz CP
Silva VFM, Rodriguez ACC, Di Leone CN, Oliveira JR; acquisition
of data: Volotao AN, Silva VFM; analysis and interpretation
of the data: Volotao AN, Diniz CP Carneiro APN, Di Leone
CN; statistical analysis: Diniz CP Di Leone CN; writing of the
manuscript: Volotao AN, Carneiro APN, Avila MB; critical revision

Int ] Cardiovasc Sci. 2025; 38:e20240174



Volotao et al.
Feasibility and safety of the step test

Original Article

of the manuscript for intelectual content: Diniz CP, Carneiro APN,
Avila MB, Rodriguez ACC, Di Leone CN; formatting: Avila MB,
Rodriguez ACC, Oliveira JR.

Potential Conflict of Interest

No potential conflict of interest relevant to this article was
reported.

Sources of Funding
There were no external funding sources for this study.

Study Association

This article is part of the thesis of completion of residency
submitted by Andresa Volotao Narciso, from Hospital
Universitdrio Pedro Ernesto.

References

1. Rohde LEP, Montera MW, Bocchi EA, Clausell NO, Albuquerque DC, Rassi
S, etal. Diretriz Brasileira de Insuficiéncia Cardiaca Cronica e Aguda. Arq
Bras Cardiol. 2018;111(3):436-539. doi: 10.5935/abc.20180190.

2. Reeves GR, Whellan DJ, Patel MJ, O’Connor CM, Duncan P, Eggebeen
JD, et al. Comparison of Frequency of Frailty and Severely Impaired
Physical Function in Patients =60 Years Hospitalized with Acute
Decompensated Heart Failure versus Chronic Stable Heart Failure with
Reduced and Preserved Left Ventricular Ejection Fraction. Am J Cardiol.
2016;117(12):1953-8. doi: 10.1016/j.amjcard.2016.03.046.

3. Doehner W, Frenneaux M, Anker SD. Metabolic Impairment in Heart
Failure: The Myocardial and Systemic Perspective. ] Am Coll Cardiol.
2014;64(13):1388-400. doi: 10.1016/j.jacc.2014.04.083.

4. Reeves GR, Whellan DJ, Duncan P, O’Connor CM, Pastva AM, Eggebeen
JD, et al. Rehabilitation Therapy in Older Acute Heart Failure Patients
(REHAB-HF) Trial: Design and Rationale. Am HeartJ. 2017;185:130-9. doi:
10.1016/j.ahj.2016.12.012.

5. Kinugawa S, Takada S, Matsushima S, Okita K, Tsutsui H. Skeletal Muscle
Abnormalities in Heart Failure. Int Heart ). 2015;56(5):475-84. doi:
10.1536/ihj.15-108.

6. Negrao CE, Barretto AC, Pinto MU. Cardiologia do Exercicio: do Atleta ao
Cardiopata. Manole: Barueri; 2019.

7. Laroche D, Mangin M, Besson D, Naaim A, Gouteron A, Casillas JM. Number
of Raised Steps: A Tool to Assess Brief and Intense Effort Involving Anaerobic
Metabolism. Ann Phys Rehabil Med. 2018;61(3):156-63. doi: 10.1016/j.
rehab.2017.12.009.

8. Besson D, Gouteron A, Sinssaine-Ayillo A, Casillas JM, Rigaud L, Ornetti P
etal. Is the Short and Fast Step Test a Safe and Feasible Tool for Exploring
Anaerobic Capacities of Individuals with Coronary Heart Disease in Clinical
Practice? Eur | Phys Rehabil Med. 2021;57(6):977-84. doi: 10.23736/
$1973-9087.21.06713-7.

9. Vilarinho R, Caneiras C, Montes AM. Measurement Properties of Step
Tests for Exercise Capacity in COPD: A Systematic Review. Clin Rehabil.
2021;35(4):578-88. doi: 10.1177/0269215520968054.

10. Gouteron A, Besson D, Gudjoncik A, Hannequin A, Laroche D, Casillas
JM. The Short and Fast Step Test: A Functional Tool to Assess Anaerobic
Metabolism in Rehabilitated Coronary Patients. Ann Phys Rehabil Med.
2020;63(4):368-71. doi: 10.1016/j.rehab.2019.09.006.

11. Travensolo CF, Arcuri JF, Polito MD. Validity and Reliability of the 6-Min
Step Test in Individuals with Coronary Artery Disease. Physiother Res Int.
2020;25(1):e1810. doi: 10.1002/pri.1810.

Int J Cardiovasc Sci. 2025; 38:20240174

Ethics Approval and Consent to Participate

This study was approved by the Ethics Committee of the
Hospital Universitario Pedro Ernesto under the protocol
number 52759221.3.0000.5259. All the procedures in this
study were in accordance with the 1975 Helsinki Declaration,
updated in 2013. Informed consent was obtained from all
participants included in the study.

Use of Artificial Intelligence

The authors did not use any artificial intelligence tools in
the development of this work.

Research Data

All datasets supporting the results of this study are available
upon request from the corresponding author.

12. Fuentes-Abolafio I, Stubbs B, Pérez-Belmonte LM, Bernal-Lépez MR, Gémez-
Huelgas R, Cuesta-Vargas Al. Physical Functional Performance and Prognosis
in Patients with Heart Failure: A Systematic Review and Meta-Analysis. BMC
Cardiovasc Disord. 2020;20(1):512. doi: 10.1186/s12872-020-01725-5.

13. Brasil. Ministério da Sadde. Conselho Nacional de Satde. Resolugao
n2 466, de 12 de dezembro de 2012. Dispoe sobre diretrizes e normas
regulamentadoras de pesquisas envolvendo seres humanos. Didrio Oficial
da Uniao. 2013 Jun 13.

14. Elias K. Condutas no Paciente Grave. Sao Paulo: Manole; 2016.

15. Barroso WKS, Rodrigues CIS, Bortolotto LA, Mota-Gomes MA, Brandao AA,
Feitosa ADM, et al. Brazilian Guidelines of Hypertension - 2020. Arq Bras
Cardiol. 2021;116(3):516-658. doi: 10.36660/abc.20201238.

16. Adler), Malone D. Early Mobilization in the Intensive Care Unit: A Systematic
Review. Cardiopulm Phys Ther ). 2012;23(1):5-13.

17. Umeda IIK. Manual da Fisioterapia na Reabilit¢ao. Manole: Barueri; 2014.

18. Carvalho T, Milani M, Ferraz AS, Silveira ADD, Herdy AH, Hossri CAC, etal.
Brazilian Cardiovascular Rehabilitation Guideline - 2020. Arq Bras Cardiol.
2020;114(5):943-87. doi: 10.36660/abc.20200407.

19. Bird SB, Dickson EW. Clinically Significant Changes in Pain Along the
Visual Analog Scale. Ann Emerg Med. 2001;38(6):639-43. doi: 10.1067/
mem.2001.118012.

20. Hodgson CL, Stiller K, Needham DM, Tipping CJ, Harrold M, Baldwin CE,
etal. Expert Consensus and Recommendations on Safety Criteria for Active
Mobilization of Mechanically Ventilated Critically Ill Adults. Crit Care.
2014;18(6):658. doi: 10.1186/s13054-014-0658-y.

21. Burnetto AF, Paulin E, Yamaguti WPS. Comparacao entre a Escala de Borg
Modificada e a Escala de Borg Modificada Analogo Visual Aplicadas em
Pacientes com Dispnéia. Braz ] Phys Ther. 2022;1(1):41-5.

22. Wegrzynowska-Teodorczyk K, Mozdzanowska D, Josiak K, Siennicka
A, Nowakowska K, Banasiak W, et al. Could the Two-Minute Step
Test be an Alternative to the Six-Minute Walk Test for Patients with
Systolic Heart Failure? Eur ) Prev Cardiol. 2016;23(12):1307-13. doi:
10.1177/2047487315625235.

23. Durgante HB, Dell’Aglio DD. Critérios Metodoldgicos para a Avaliagao de
Programas de Intervengao em Psicologia. Aval Psicol. 2018;17(1):155-62.
doi: 10.15689/ap.2017.1701.15.13986.

24. Mukaka MM. Statistics Corner: A Guide to Appropriate Use of Correlation
Coefficient in Medical Research. Malawi Med J. 2012;24(3):69-71.



Volotao et al.
Feasibility and safety of the step test

Original Article

25. Nguyen BD, Gillum TL. Manipulation of Step Height and Its Effect on Lactate 27. Krumholz HM. Post-Hospital Syndrome--an Acquired, Transient Condition

Metabolism duringa One-Minute Anaerobic Step Test. | Strength Cond Res. of Generalized risk. N Engl ) Med. 2013;368(2):100-2. doi: 10.1056/
2015;29(6):1578-83. doi: 10.1519/)SC.0000000000000789. NEJMp1212324.

26. Aimo A, Saccaro LF, Borrelli C, Fabiani I, Gentile F, Passino C, et al. 28. Latronico N, Gosselink R. A Guided Approach to Diagnose Severe
The Ergoreflex: How the Skeletal Muscle Modulates Ventilation and Muscle Weakness in the Intensive Care Unit. Rev Bras Ter Intensiva.
Cardiovascular Function in Health and Disease. Eur J Heart Fail. 2015;27(3):199-201. doi: 10.5935/0103-507X.20150036.

2021;23(9):1458-67. doi: 10.1002/ejhf.2298.

M' This is an open-access article distributed under the terms of the Creative Commons Attribution License

Int ] Cardiovasc Sci. 2025; 38:e20240174 8


https://creativecommons.org/licenses/by/4.0/

