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ABSTRACT
Objective: To determine the discriminative capacity and cut-off point of different 
4-metre gait speed test (4MGS) protocols in identifying preserved or reduced exercise 
capacity using the six-minute walk test (6MWT) in patients with Chronic Obstructive 
Pulmonary Disease (COPD); also, to compare 4MGS protocols and characteristics 
of individuals according to the best cut-off point. Methods: We evaluated fifty-six 
patients with COPD, all of which were submitted to the assessment of anthropometric 
characteristics, pulmonary function (spirometry) and functional exercise capacity (6MWT 
and four protocols of the 4MGS). In the 4MGS test, patients were instructed to walk at 
normal pace and at maximum speed in a 4 meters course (4MGS 4m - usual pace and at 
maximum) and 8 meters course (4MGS 8m - usual pace and at maximum). Results: Only 
the 4MGS 4m-maximum protocol was able to identify preserved exercise capacity in the 
6MWT (AUC=0.70) with moderate correlation between them (r=0.52; P=0<0.0001). 
The cut-off point found in the 4MGS 4m-maximum was 1.27 m/s. Patients with 
preserved exercise capacity (4MGS 4m-maximum ≥1.27m/s) walker greater distances 
on the 6MWT in %pred (91±2 vs 76±3; P<0.0001). In the other comparisons involving 
gender, BMI, FEV1% pred and GOLD index there were no significant differences 
between the groups. In addition, the agreement of individuals classified as preserved 
and reduced exercise capacity in the 6MWT and 4MGS 4m-maximum was significant 
(P = 0.008). Conclusion: The 4MGS 4m-maximum test can be used to discriminate 
preserved exercise capacity in patients with COPD and correlates with the 6MWT.
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INTRODUCTION

Chronic Obstructive Pulmonary Disease (COPD) is defined 
as “[…] a common, preventable and treatable disease, 
characterized by persistent respiratory symptoms and limited 
airflow, due to airway abnormalities caused by significant 
exposure to harmful particles or gases”(1). In addition to 
airflow obstruction, COPD can also be characterized by 
deconditioning and physical inactivity.(2,3) Skeletal muscle 
dysfunction is an extrapulmonary characteristic of the 
disease, related to the decreased functional capacity 
for exercise and consequently to physical inactivity. 
Physical inactivity leads to physical deconditioning and 
is considered a risk factor for exacerbations and early 
mortality.(4-6) Therefore, the assessment of exercise 
capacity in patients with COPD is necessary for both the 
research field and clinical practice.(7)

Functional exercise capacity can be validated through 
field tests such as a six-minute walk test (6MWT).(7) 
The 6MWT is a simple, safe, low-cost test, easy to apply, 

and reproducible,(7,8) in which the patient is instructed 
to walk the longest distance possible in a 30-meter flat 
corridor in six minutes.(8) This test enables us to evaluate 
global responses and integrated different systems 
involved during the exercise.(9) Also, a percentage of 
the predicted value below 82% is indicative of reduced 
exercise capacity in these patients.(10)

Although the 6MWT is considered a practical and simple 
test, it requires space (e.g. a 30-meter corridor), time 
(e.g. two tests with a 30-minute interval are needed) and 
trained personnel to apply the test.(7) Thus, alternative 
tests such as the 4-meter gait speed test (4MGS) have 
been used in patients with COPD to assess functional 
capacity.(11-14) In 4MGS, the patient must walk 4 meters 
at the speed requested to measure gait speed. Recent 
studies have shown an association between gait speed and 
exercise capacity in patients with COPD.(14,15) The 4MGS 
is considered a simple, reliable test that requires a small 
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space, is a low-cost, easy test to apply and quick to 
perform.(12-14,16,17)

This test uses different protocols. The most frequently 
used are the 4MGS-4meter and the 4MGS-8meter, in 
which the patient is instructed to walk at his usual or 
maximum speed, crossing corridors of 4 and 8 meters.(12-14) 
However, differences between these protocols are yet 
unknown in terms of which of the 4MGS test protocols 
have the greatest discriminative power, and which 
cut-off value is capable of identifying patients with 
preserved or reduced exercise capacity assessed 
using the 6MWT.

The study aimed to verify the discriminatory power 
and cut-off point of the 4MGS protocols to identify the 
preserved or reduced exercise capacity in the 6MWT in 
patients with COPD; and to compare 4MGS protocols 
and the characteristics of the individuals according to 
the best cut-off point found.

METHODS

This is a cross-sectional study with a convenience 
sample of patients diagnosed with COPD, who were 
evaluated at the Laboratório de Pesquisa em Fisioterapia 
Pulmonar (LFIP) at the Universidade Estadual de Londrina, 
Londrina, PR, Brazil. All patients were under initial 
evaluation for inclusion in a pulmonary rehabilitation 
program unrelated to this study.

The Research Ethics Committee Involving Human 
Beings of the institution approved the study under 
CEP/UEL 080/2014. All participants signed an informed 
consent form.

The study included patients diagnosed with COPD, 
according to the Global Initiative for Chronic Obstructive 
Lung Disease (GOLD),(1) with clinical stability, absence 
of comorbidities that could influence the performance of 
the tests and have not participated in physical training 
programs in the past twelve months. Individuals who for 
some reason were unable to complete all assessments 
were excluded from the study.

All patients underwent an anthropometric, pulmonary 
function and functional exercise capacity assessment. 
The anthropometric assessment was performed to 
better characterize the sample. Thus, the scale and 
stadiometer measured the weight and height (Ítaca 
Com. Equip. LTDA, model MIC2/BA, São Paulo - SP), 
determining the body mass index (BMI).

A portable spirometer (Spiropalm; COSMED, Italy) was 
used for the lung function assessment. The technique 
was performed according to the guidelines of the 
American Thoracic Society/European Respiratory 
Society,(18) determining the forced expiration volume 
in the first second (FEV1), forced vital capacity (FVC), 
and the FEV1/FVC index. We used the reference values 
proposed for the Brazilian population by Pereira et al.(19)

Patients were also assessed for their functional exercise 
capacity through the 6-minute walk test (6MWT) and 
four different protocols of the 4-meter gait speed 
test (4MGS). The 6MWT was performed according 

to internationally recommended standards, in which 
patients were instructed to walk the longest distance 
possible in a 30-meter corridor for six minutes.(7) 
Two tests were performed with an interval of at least 
30 minutes between them and the longest walking 
distance was used for analysis. We used reference 
values described by Britto et al.,(20) specific to the 
Brazilian population.

We used the calculation of the lower limit to classify 
individuals with preserved and reduced exercise 
capacity in the 6MWT. This calculation is performed by 
subtracting the product from 1.645 by the standard 
error of estimating the total distance equation predicted 
by the reference equation.(21)

In the 4MGS test, patients were instructed to walk 
at their usual pace and at maximum speed over 
4 and 8 meters. The tests followed the protocols of 
Karpman et al.(12,13) and Kon et al.(14) In the 4MGS-4 
meter protocol, the patient was instructed to walk 
4 meters, at his usual pace and at maximum speed in a 
4-meter corridor bounded by two cones. The stopwatch 
was started from the patient’s first movement and 
was interrupted when the patient crossed the second 
cone.(14) In the 4MGS-8 meters, the individual was 
instructed to walk 4 meters at a usual pace and at 
fast speed but in a course of 8 meters: besides the 
4 meters, the course had 2 meters of acceleration 
and 2 meters of a slowdown. However, the counting 
occurred only in the central 4 meters, discarding the 
initial 2 meters and the final 2 meters.(12,13) For each 
test, two repetitions were performed, and the test with 
the shortest execution time was used for analysis.

Statistical analysis
The Statistical Package for the Social Sciences 

software, version 20.0 (SPSS Inc., Chicago, IL, USA) 
and the GraphPad Prism, version 6.0 (GraphPad 
Software Inc., La Jolla, CA, USA) performed statistical 
analyzes. We also used the Shapiro-Wilk test for the 
analysis of the normality of the data. Results were 
described as mean and standard deviation or median 
and interquartile range 25-75% according to the data 
distribution. Also, we used the Pearson or Spearman 
correlation coefficient to verify the relationship between 
the 6MWT and the 4MGS protocols. The unpaired t-test 
or Mann-Whitney test compared the individuals with 
high and low performance on the 6MWT. The comparison 
of the 4MGS protocols was performed using the paired 
t-test or Wilcoxon test. For effect size analysis, we 
used the average of the difference in speed of the 
two protocols by the standard deviation of one of the 
protocols. The ROC Curve verified the discriminatory 
power of the 4MGS in identifying a preserved or 
reduced exercise capacity in the 6MWT and therefore, 
finding a cut-off point. The Chi-square test compared 
the proportion of individuals classified with preserved 
and reduced exercise capacity in the 4MGS and the 
6MWT. Kappa verified the agreement of classification 
in the 6MWT and 4MGS, and the level of statistical 
significance was established as P <0.05.
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The sample power of this study was calculated 
according to the correlation results obtained between 
the 6MWT and the 4MGS test 4 meters maximum of 
r = 0.52. Considering an alpha = 0.05 and a sample of 
56 individuals, we obtained 99% power. The analysis 
was performed in the GPower software (Franz Faul, 
Universitat Kiel, Germany).

RESULTS

The study included 58 patients; however, two were 
excluded for not having completed all the proposed 
tests. Therefore, the data of 56 patients were 
considered for the analyzes, and Table 1 described 
general characteristics.

When the 4MGS protocols were compared, there 
was a difference between the tests performed on 
different corridor sizes, one with 4 meters distance and 
the other with 8 meters. The individuals walked at a 
higher speed in the 8-meter course, both at maximum 
speed and at the usual pace (Table 2). The effect 
size analysis found that when comparing the 4MGS 
protocols of usual pace and at maximum speed, the 
values obtained were 0.24 and 0.22, respectively. 
Also, a moderate correlation of the 6MWT distance 
with the 4MGS protocols 4 meters Maximum and 
4MGS 8 meters Maximum was verified (r = 0.52 and 
r = 0.58, respectively; P <0.0001 for both). A weak 
correlation was found between the 4MGS protocols 
4 meters Usual (r = 0.33; P = 0.01) and 4MGS 
8 meters Usual (r = 0.25; P = 0.05) and the 6MWT 
distance (Figure 1).

In the discriminative analysis, only the 4MGS 4 meters 
Maximum protocol identified the preserved exercise 
capacity in the 6MWT (AUC = 0.70) (Figure 2). However, 
none of the 4MGS protocols discriminated against a 
reduced exercise capacity in the 6MWT.

The cut-off point found in the 4MGS 4 meters Maximum 
was 1.27 m/s with a sensitivity of 0.750 and specificity 
of 0.625. When comparing the characteristics of the 
individuals according to the cut-off point found, patients 
with preserved exercise capacity (4MGS 4 meters 

Maximum ≥1.27m/s) were younger (65 [60-72] years 
old vs 72 [69-77] years old; P = 0.0016) and reached a 
greater distance covered in the 6MWT in absolute values   
(485 ± 56 meters vs 395 ± 65 meters; P <0.0001) 
and in the predicted% of the 6MWT (91 ± 2 vs 76 ± 3; 
P <0.0001). When comparing gender, BMI, FEV1% 
predicted and GOLD, no significant differences were 
observed between groups. Additionally, the agreement 
of individuals classified with preserved and reduced 
exercise capacity in the 6MWT and 4MGS 4 meters 
Maximum was significant (P = 0.008). Similarly, there 
was a greater proportion of individuals (83%) classified 
with 4MGS 4 meters Maximum ≥ 1.27 m/s as having 
exercise capacity preserved also by the 6MWT than 
in individuals classified (50%) as 4MGS 4 meters 
Maximum <1.27 m/s (P = 0.01) (Figure 3).

DISCUSSION

In this study, a cut-off point of 1.27 m/s was found 
in the 4MGS 4 meters Maximum test to discriminate 
preserved exercise capacity in the 6MWT. When 
comparing the characteristics of patients who had a 
speed above or below 1.27 m/s in the 4MGS 4 meters 
Maximum, those who had exercise capacity preserved 
by the 4MGS had a greater distance in the 6MWT 
in predicted %. In patients who presented walking 
speed above the cut-off point, 83% also had exercise 
capacity preserved by the 6MWT. When comparing the 
protocols, the individuals have a higher gait speed in 
the protocols performed in 8-meter corridors.

The 4MGS is considered an attractive test for clinical 
practice because it is simple, requires a small space, 
is inexpensive and easy to apply, and, therefore, it 
is used as an alternative and more practical way to 
assess functional capacity.(12-14,16,17) Several protocols 
are available in the literature, including in the study 
by Kon et al.,(14) who used the 4-meter protocol with a 
specific characteristic: walking a 4-meter course with 
the usual walking speed. Karpman et al.(12,13) proposed 
the 4-meter walking protocol on an 8-meter course, 
with usual pace and at maximum speed. The 8-meter 
protocol features an acceleration zone of 2 meters, an 
area of   4 meters for timing, and a deceleration zone of 
2 meters. In other studies, much more differentiated 
protocols are found, as in the study by Andersson et al.(22) 
In their study, patients were instructed to walk in a 
30-meter corridor. First, they walked the course at a 
self-selected pace, and after a 2-minute rest period, 
they walked at maximum walking speed. Thus, the 
patients had a higher speed in the 4MGS performed 
in 8-meter corridors. This better performance in a 
larger corridor, both at usual pace and at maximum 

Table 1. General characteristics of individuals with COPD.
Variables N=56

Gender (M/F) 29/27
Age (years old) 68 ± 8
BMI (Kg/m2) 26 ± 5
FEV1 (liters) 1.25 ± 0.44
%FEV1 (%predicted) 50 ± 18
FEV1/FVC 55 [45-63]
GOLD (I/II/III/IV) 1/32/16/7
6MWT (m) 452 ± 73
% 6MWT (%predicted) 85 ± 15
4MGS 4 Meters Maximum (m/s) 1.36 ± 0.24
4MGS 4 Meters Usual (m/s) 1.06 ± 0.23
4MGS 8 Meters Maximum (m/s) 1.68 ± 0.31
4MGS 8 Meters Usual (m/s) 1.29 ± 0.24

Table 2. Comparison of 4-meter gait speed test protocols.
4MGS 

4 meters
4MGS 

8 meters
P

Usual (m/s) 1.06 ± 0.23 1.29 ± 0.24 <0.0001
Maximum (m/s) 1.36 ± 0.24 1.68 ± 0.31 <0.0001
4MGS: 4-meter gait speed; P: p-value.
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Figure 1. Correlation between the protocols of the 4-meter gait speed test (4MGS) and the six-minute walk test (6MWT). 
P: p-value; r: correlation coefficient.

Figure 2. ROC curves of the different protocols of the 4-meter gait speed (4MGS) in meters per second (m/s) to identify 
preserved exercise capacity in the six-minute walk test. AUC: area under the ROC curve.
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speed, can be explained by the zone of acceleration 
and deceleration that the protocol proposes. Timing 
starts when the individual is already moving and stops, 
without having to slow down, as there are still two 
meters (deceleration zone) to be walked.(13)

Among the variables studied, the 4MGS 4 meters 
and 8 meters Maximum showed a moderate correlation 
with the 6MWT. These findings corroborate other 
studies on the same topic. Karpman et al.(13) showed 
that gait speed is associated with exercise capacity 
(6MWT), and established that the correlation between 
gait speed at usual pace and at maximum speeds and 
6MWT was high, regardless of the protocol (usual 
or maximum) (r = 0.77; r = 0.80, respectively; 
P <0.001). DePew et al.(15) also determined that 
4MGS at the usual pace is significantly associated 
with the 6MWT (r = 0.70; P <0.001). Finally, 
Kon et al.(14) also related the 4MGS at the usual pace 
with exercise capacity measured differently, using 
the Incremental Shuttle Walking Test, and found a 
positive and significant correlation between both 
tests (r = 0.78; P <0.001).

Regarding the discriminative capacity of the 4MGS 
functional test, the maximum 4-meter protocol was the 
only one capable of identifying preserved exercise capacity 
in the 6MWT (AUC = 0.70). A possible explanation for 
this result may be due to the maximum speed being 
the one that best correlates with the exercise capacity 
since the 6MWT patients are encouraged to reach 
the longest distance possible. The Maximum 8-meter 
protocol had a lower discriminative capacity, which may 
be due to disregarding acceleration and deceleration. 
This difference may have occurred, as this aspect is 
not considered in the 6MWT since patients perform this 
acceleration and deceleration when turning the cones 
during the test. This study also found, in a novel way, 
the cut-off point in the 4MGS of 1.27m/s as identifying 
preserved exercise capacity by the 6MWT. Therefore, 
it is possible to use this speed obtained through a test 
simple as the 4MGS to screen those with preserved 
exercise capacity.

A limitation of this study is the convenience sample 
and the shortage of patients with a mild degree of 
airflow obstruction (GOLD I), which may compromise 
the external validity of the results for this population. 
However, individuals with a mild degree of the disease 
are prone to be asymptomatic and often do not seek 
treatment. Therefore, future studies are needed to 
investigate aspects of the 4MGS in these patients and 
for the cut-off point found in this study to be tested 
on other samples. Our findings can be used in future 
studies to screen patients with preserved exercise 
capacity more quickly and simply.

We concluded that the walking speed of 1.27 m/s 
obtained through the 4MGS 4 meters Max test identified 
a preserved exercise capacity in the 6MWT in patients 
with COPD. The 4MGS 4 meters maximum is correlated 
with the distance covered in the 6MWT.
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Figure 3. Comparison of the proportion of individuals with 
preserved exercise capacity in the six-minute walk test 
(6MWT) who walked at a speed greater or equal and less than 
1.27m/s in the 4-meter gait speed of 4 meters - maximum 
speed (4MGS 4 meters maximum). P: p-value; *: P=0.01.
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