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Analysis and correlation of the Six-Minute Walk Test and Two-Minute Step Test in an elderly
population participating in a cardiac rehabilitation program

Teste de Caminhada de Seis Minutos e Teste de Marcha Estacionaria de Dois Minutos em uma
populagao idosa participante de um programa de reabilitagao cardiaca
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ABSTRACT

The six-minute walk test (6MWT) and two-minute step test (2MST) are submaximal tests
widely used in the elderly population functional capacity evaluation. Objective: To
investigate whether the cardiac rehabilitation (CR) program was able to promote an
increase in these tests and if there was an association between them; and to compare the
hemodynamic stress caused by each of the tests. Methods: Retrospective, observational
study in elderly participants in CR program. 24 elderly people were evaluated and classified
according to the Fried frailty phenotype. The 6MWT and the 2MST were applied, observing
the mean distance walked and the number of steps performed, respectively, as well as the
double cardiac product (DP) at the beginning and after 4 months of the CR program.
Results: There was an increase of 57 meters in the mean distance covered by the 6MWT
(364.31£108.01 vs. 421.65£108.73, P<0.001) and 14 steps performed in the 2MST
(62.17£22.50 vs. 76.17425.56, P= 0.011) after 4 months of CR and we found a significant
correlation between the tests and their results (P <0.001). When comparing the DP, both
tests had a significant reduction (14469.92+2497.91 vs. 13348.21+2839.36, P= 0.022 and
15744.17+3591.87 vs. 13222.29£2505.39, P<0.001; respectively). Conclusion: A
relationship between the number of steps performed in the 2MST with the mean distance
covered of 6MWT suggest the use of them as an effective indicator in CR program and the
association between them offers greater possibilities for treatment and evaluation of an
elderly population.
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RESUMO

Hospital Israelita Albert Einstein 0 teste de caminhada de seis minutos (TC6m) e o teste de marcha estacionaria de dois

i minutos (TME2min) séo testes submaximos amplamente utilizados na avaliagdo da
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associacao entre eles; além de comparar o estresse hemodinamico causado por cada um
dos testes nessa populagdo. Métodos: Estudo retrospectivo e observacional em idosos
participantes do programa de RC. Foram avaliados 24 idosos e classificados de acordo

Conflict of Interests
Nothing to declare

Submitted: September 22, 2023 com o fenétipo de fragilidade de Fried. Foram aplicados o TCém e o TME2min, observando-
Accepted: December 15,2023 se a distancia média percorrida e o nimero de passos realizados, respectivamente, bem
How to cite como o duplo produto cardiaco (DP) no inicio e apds 4 meses do programa de RC.

Campos FC, Groehs RV, Carvalho AC, Gaspar AP, Resultados: Houve aumento de 57 metros na distancia média percorrida no TCém
miarfﬁfeﬂﬁ&ﬁ?'ﬁf?ﬂg.&?éﬂifts'f: t}fets';emsgn- (364,31£108,01 vs. 421,65¢+108,73, P<0,001) e 14 passos realizados no TME2min
elderly population participating in pa cardiac  (62,17%22,50 vs. 76,17+25,56, P= 0,011) apds 4 meses de RC e encontramos correlagdo
rehabilitation program. Acta Fisiatr. 2023;30(4):240- significativa entre os testes e seus resultados (P<0,001). Ao comparar o DP, ambos os
244. testes tiveram redugéo significativa (14.469,9242.497,91 vs. 13.348,21+2.839,36, P= 0,022
DO 10.11606/issn.23170190.v304a216231 e I15.~744,17i3.591,f37 vs. ;3.222,2912.50?3%, P<0,00_r_;\ﬂrézzsp§ctivamenteg: CAont.:Iusﬁt,J;.A

relacdo entre o nimero de passos realizados no min com a distancia média
ISSN 2317-0190 | Copyright © 2023 | Acta Fisiétrica percorrida no TC6m sugere a utilizagdo deles como um indicador eficaz em programa de
Instiuto de Medicina Fisica e Reabilitagdo = HCFMUSP b o 3 associagéo entre eles oferece maiores possibilidades de tratamento e avaliagéo de

uma populagao idosa.

This work is licensed under a Creative Commons - Palavras-chaves: Traumatismos Cardiacos/reabilitagcdo, Teste de Caminhada, Idoso
Attribution 4.0 International

www.revistas.usp.br/actafisiatrica 240


https://orcid.org/0000-0001-5935-5613
https://orcid.org/0000-0002-7911-3707
https://orcid.org/0000-0002-8372-3364
https://orcid.org/0000-0002-2605-2293
https://orcid.org/0000-0002-9852-3293
mailto:luciana.matos@einstein.br
mailto:luciana.matos@einstein.br
http://www.revistas.usp.br/actafisiatrica
http://www.revistas.usp.br/actafisiatrica

Acta Fisiatr. 2023;30(4):240-244

Campos FC, Groehs RV, Carvalho AC, Gaspar AP, Matos LDNJ

Analysis and correlation of the Six-Minute Walk Test and Two-Minute Step Test in an elderly population participating

INTRODUCTION

Cardiac Rehabilitation (CR) is already known as essential care
in patients with cardiovascular diseases and, therefore, it is con-
sidered as Class | recommendation by the American Heart Asso-
ciation, the European Society of Cardiology and the Brazilian So-
ciety of Cardiology.™ One of the main outcomes that confirm the
effectiveness of a CR program is the improvement of patient’s
functional capacity. The gold standard test to measure this func-
tionalimprovement is the cardiopulmonary exercise test, however
the high cost and its scarce availability limit its use.

Simpler submaximal tests are good alternatives for this assess-
ment, with the six-minute walk test (6MWT) being the most used
in clinical practice, in several populations.’® However, its perfor-
mance may be compromised in the frail elderly population, or in
patients with some degree of gait impairment. Also, the required
space to reproduce this test (30 m) may be an additional limita-
tion for using this tool.*’

Recently, the 2-minute step test (2MST) has been proposed for
the elderly and other populations as a low-cost, less stressful and
easier to apply alternative because requires less time and space
to be performed.®® Since the first publication by Rikli and Jones’,
some studies have used the 2MST, but, there is still a gap in the
literature regarding its standardization, as well as a minimum
value that could be used as a cut to guarantee the effectiveness
of a rehabilitation program, like is known for 6MWT.”? The rela-
tionship between these tests has already been proven and one
study with heart failure patients demonstrated a greater percep-
tion of general and lower limb fatigue with 2MST compared to
6MWT, which can make it a challenge for elderly, especially for
those with prefrailty or frailty syndrome.®'® Frailty syndrome is
characterized by weakness, slowness, exhaustion, low activity,
non-intentional weight lost, and it can lead to worse clinical out-
comes such as mortality and highest rate of hospital readmis-
sion.*™" Currently, the number of elderly people with prefrailty and
frailty has increased in CR, what demand specific tools both to
assess this population and to demonstrate the effect of the reha-
bilitation program carried out.

Although very promising, 2MST feasibility and correlation with
more established tests, such as the 6MWT, needs to be better
studied, in this population. In addition, it's important to under-
stand whether a CR program is able to improve functional out-
comes of the frail elderly population.

OBJECTIVE

The aims of this study were: 1. to assess the correlation be-
tween 6MWT and 2MST in an elderly population, before and after
a CR program, 2. to compare the hemodynamic stress caused by
each of them and, 3. to assess whether CR was able to modify the
frailty in those elderly people classified by the Fried phenotype.

METHODS

This was a retrospective, observational study conducted with data of
elderly participants of cardiac rehabilitation program carried out at a pri-
vate hospital between April 2014 and May 2017. The study was approved
by the hospital ethics and research committee (CAAE:
25659119.5.0000.0071). Consent was given for not applying the in-
formed consent form in accordance with the 466/12 resolution of
CONEP. The investigations were carried out in accordance with the Dec-
laration of Helsinki.

Inclusion Criteria

Frailty, evaluated by Fried classification' and non-frailty patients be-
tween 60-95 years old who completed at least 85% of the proposed exer-
cise sessions during 4 months of cardiac rehabilitation program.

Exclusion Criteria

Elderly who did not have the 6MWT or 2MST in two moments of evalu-
ation and patients who had clinical conditions (cardiopulmonary, ortho-
pedic and neurological) that preclude the performance of the proposed
exercises

6MWT

The 6MWT was carried out in a 30 m corridor, where the patient was
guided to travel the longest tolerable distance for 6 minutes, being al-
lowed to stop walking in case of extreme fatigue or symptoms limiting.
Variables analyzed were: walking distance, heart rate and blood pres-
sure. 1215

2MST

The 2MST measures the maximum number of knees raises that the in-
dividual can perform in 2 minutes. At the signal, the subject began the
stationary gait (without running), performing as many knees raises as
possible in two minutes. The knee height taken at each step was estab-
lished at a midpoint between the patella and the anterior superior iliac
crest.”%16 n our study, we choose to assess the number of steps per-
formed by each patient and their cardiovascular effect based on the anal-
ysis of the double product (DP)."

Frailty patient classification

The frailty classification used was the phenotype described by Fried,
being the gold standard in the diagnosis for such syndrome."" The frailty
index proposed by Fried was performed on all elderly in the program as
part of their initial assessment. There were analyzed five health domains:
inactivity status, muscle strength, mobility, weight loss and physical ex-
haustion. The presence or absence of each of the domains was scored,
giving a potential score ranging from 0 to 5, where the one that has three
or more domains was considered frail, one or two were pre-frail and
those that did not score were considered robust.

Cardiac Rehabilitation Program

The CR program consisted of 36 sessions, where the minimum
frequency required was twice a week. The rehabilitation protocol
included aerobic training on a treadmill or exercise bike at 50-60% of the
maximum heart rate, initially for 10 minutes and progressing until 30
minutes. Muscle strengthening exercises performed with free weights or
equipment, functional exercises, balance and the training resistance
exercises loads were based on the one repetition maximum test,
individually established in the beginning of CR and during the 4 months
program when functional evaluation allowed. Patient’s reassessment
was carried out after the conclusion of all sessions, which occurred in a
period of 4 months.

Quantitative variables were described as mean and standard deviation
and qualitative variables as absolute and relative frequencies. The
comparison of variables between moments was performed using the
paired Student’s t-test or the paired Wilcoxon test, according to the
probability distribution. Delta of the distance covered in the 6MWT and
delta of the number of steps performed on the 2MST were created and
Pearson's correlations between them were performed. Linear regression
analysis was performed to estimate the delta of the distance covered in
relation to the steps delta and the ratio obtained between them. The
SPSS® version 22 statistical package was used. The threshold of
statistical significance for all the tests was set at p< 0.05.
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RESULTS

Thirty-four elderly met the eligibility criteria and were screened
for the study. Ten elderly did not complete the 4 months program,
as they did not complete the 85% of the program, therefore,
twenty-four were included in the study. Clinical patients’ charac-
teristics and comorbidities are shown in Table 1. Mean patient
age was 79.5t8.4 years, 71% male, 37.5% had coronary insuffi-
ciency, 17.5% valvopathy and arrhythmia, 33.3% hypertension and
8.3% had metabolic syndrome. At the beginning of the CR, the
sample contained 4.2% robust patients, 70.8% prefrailty and
25.0% frailty elderly.

Table 1. General clinical characteristics of the sample

Variables N %
Age (Years), mean t (SDs) 79.518.4
Gender
Men 17 70.8
Women 7 29.2
Freid Frailty Phenotype
Robust 1 42
Prefrailty 17 70.8
Frailty 6 25

Clinical Diagnosis

Corany Artery Disease 9 37.5
Valvular Heart Disease 4 16.7
Cardiac Arrhythmia 4 16.7
Hypertension 8 33.3
Metabolic Syndrome 2 8.3

SDs: standard deviations

The functional capacity and hemodynamic parameters are
show in Table 2. The CR increased the number of steps performed
during 2MST (62.17+22.50 vs. 76.17425.56, P= 0.011) and the 6-
minute walking distance (364.31+108.01 vs. 421.65+108.73,
P<0.001). The double product on exercise peak of 2MST
(15744.17+3591.87 vs. 13222.29+2505.39, P<0.001) and 6MWT
(14469.92+2497.91 vs. 13348.21£2839.36, P= 0.022) decreased
after four months of rehabilitation program (Table 2).

Further analysis showed a strong and significant correlation be-
tween 6MWT and 2MST (r= 0.730, P<0.001) (Table 3) and that
there was a relationship between the number of steps performed
in the 2MST with the mean distance covered of 6MWT (Figure 1).

The Table 4 shows the change in Fried frailty phenotype classi-
fication after 4 months of CR. We observed that the rehabilitation
protocol significantly modified the classification of the frailty
level of the elderly, with 58.3% of them becoming robust
(P<0.001).

Table 2. Results obtained with the tests before and after Cardiac
rehabilitation (CR)

Initial Evaluation 4 months

L Mean SDs Mean SDs P
ZMST 6217 2250 7617 2556  0.011*
(steps numbers)

Sl 36431  108.01 42165 10873  <0.001
(meters)

g&“gep“’d”“ 1574417 3501.87 1322229 250539  <0.001%
Doube product "
v 14969.92 2497.01 13348.21 2839.36  0.022

Sds: standard deviations; 2MST: two-minute step test; 6MWT: six-minute step test; Student's t-
test; *Wilcoxon paired

Table 3. Results of Cardiac rehabilitation in changing variables;
Pearson's correlation between 2MST and 6MWT

Variable Mean SDs Pearson's p
Change of 2MST (steps) 14.0 24.2
0.730* <0.001
Change of 6MWT (meters) 57.3 67.4

2MST: two-minute step test; 6MWT: six-minute walk test; SDs: standard deviation,; *Pearson
correlation

Table 4. Classification of Fried Frailty Phenotype during Cardiac
Rehabilitation (CR)

Initial Evaluation 4 months p
N % N %
Robust 1 4.2 14 58.3
Prefrailty 17 70.8 9 37.5 <0,001
Frailty 6 25 1 42

Wilcoxon paired test

6MWD Delta= 2.027 x Steps Delta + 28.95
R?=0.532

6MWD Delta 6MWD (before-after)

Steps Delta 2MST (before-after)

Figure 1. The relationship between the numbers of steps per-
formed in the two-minutes step test (2MST) with the distance cov-
ered in meters from the six-minute walk test (6MWT) after cardiac
rehabilitation (CR)

DISCUSSION

The study demonstrated a strong association between the
6MWT and 2MST tests and suggested that the increase of 14
steps in 2MST was correlated with improve of 57 meters in 6MWT
after CR program applied to the studied population. The study
also showed that CR after 4 months modified Fried Classification
in our population. These results suggest the possibility of using
2MST as a useful substitute for 6MWT as an indicator of CR ef-
fectiveness.”®1% Pedrosa et al.® observed an association between
these two tests applied to hypertensive elderly women. The
6MWT was originally developed to meet the assessment of func-
tional capacity and monitoring the effectiveness of treatments
and prognosis of patients with cardiorespiratory diseases.'2'37

It is currently the most used in outpatient clinical practice as it
is easily applied, well tolerated and reflects accurately, daily living
activity.”21718 Enright et al.’ observed that the 6-min walking dis-
tance (6MWD) proved to be effective in assessing morbidity and
mortality in patients with cardiovascular and/or pulmonary dis-
eases. They showed higher risk for patients who performed less
than 300m in the test. Boxer et al."® assessed frail elderly people
using the 6MWT and observed a lower performance than the other
non-frail groups, indicating the usefulness of the test to identify
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risk for frailty, emphasizing that walking distances less than
400m could be criteria to identify sarcopenia and decreased mo-
bility.

In our study, the initial distance covered in 6MWT was 354.31m.
Our population was composed of a large majority of prefrailty el-
derly, but with great age variability, between 61 and 94 years old.

These facts, may explain, in part, the intermediary performance
observed. However, considering previous studies, such as that of
Saad et al."® our initial 6MWT distance was below the mean ex-
pected for the Brazilian population in this age group. This study
points out that for the 3 main equations that determine this pre-
diction, proposed by Enright and Sherrill,' Troosters et al.” and
Iwana et al.? the latter being specific for the Brazilian population,
higher values could be expected for this age group, respectively
being 434.8m, 555.2m and 514.8m. After 4 months of training,
the mean distance reached increased to 421.65m, with a mean
increase of 57.3m. Increases over 30m in COPD patients already
demonstrate training effectiveness and change in outcomes.
182122 |n a study of 112 patients with chronic obstructive pulmo-
nary disease (COPD), the smallest noticeable clinical difference
in the test was 54m for the group mean.® Regarding the studied
population, there are no conclusive studies evaluating the value
considered significant as functional improvement after CR pro-
gram.

Considering the 2MST, despite the studies showing a correla-
tion with the 6MWT, its values are less studied in an attempt to
establish the proper increase in mean steps after CR program that
represents treatment improvement.”#%1%16 Thys, we emphasize
that, there is no consensus for the reference values for the Brazil-
ian population, regarding the number of steps predicted by age as
well as the necessary improvement to reflect clinical impact. 8°16

A 2MST validation study for the Brazilian population showed
83% sensitivity and moderate specificity (67%) to assess the
functional capacity of hypertensive elderly people, with a cutoff
point between 65 and 69 steps for this group.'® The reference val-
ues described and used largely by the literature correspond to the
original research of Rikli and Jones,” in which they stipulate 78
steps for the same age group of our population. In our study, ini-
tially, the mean number of steps performed was 62, which is be-
low the cutoff point proposed for hypertensive elderly people or
those with associated comorbidities which was suggested by Ri-
kli.”'® After 4 months, the mean achieved was 76 steps, repre-
senting an increase of 14 steps. This was an important improve-
ment and were highly associated with the 57mincrease in 6MWT.
We can assume that this number of steps is significant for clinical
outcomes, but studies with a larger number of participants are
needed to confirm these findings.

In view of the hemodynamic findings evaluated during the exe-
cution of these tests in our population, both tests showed re-
duced values of DP after 4 months of CR. With a lower DP in the
2MST, we can favor its performance in patients with low reserve
or exercise capacity or even for those with some degree of disa-
bility that prevents them from performing 6MWT.8%10 The 2MST
could also be an alternative as it's a faster test and use less
space to be permormed.578°1016 Therefore, it is ideal for clinical
practice, especially for critically ill patients, in which 6MWT can
represent a test close to the maximum, due to the metabolic en-
ergy expenditure limited by the symptoms of these patients. 830

Our results indicate that the 2MST can be considered a reliable
assessment of functional capacity and could, therefore, represent
a valuable addition to the arsenal of functional tests for the frail

elderly population. 82101318

Regarding clinical aspects, our study also showed a significant
change in the classification of the frailty level with 58.3% of them
becoming robust after 4 months of CR program. The improvement
in performance for both tests is of great importance as activities
such as walking and climbing stairs are both very challengeable
for patients with frailty.®4'15 The rehabilitation process, when-
ever possible, should prioritize the functional activities like gait in
order to improve them and make it less energy expendable and
adequate cardiac effort.381322

The limitations of the present study should be highlighted, as
being a retrospective study based on the analysis of data availa-
ble in evaluation forms where there was no information about an-
thropometric measures and evaluation of subjective feeling of ef-
fort (Borg scale). Studies with a larger number of participants di-
agnosed with frailty could allow the analysis of correspondence
between the values obtained in the tests.

CONCLUSION

The 2MST enables a reliable assessment of functional capacity
in frailty patients and may thus be considered as an effective al-
ternative for the 6MWT for elderly people in a CR program. Fur-
thermore, the CR program was able to reverse the frailty in most
patients.
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