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Abstract

Introduction. The six-minute walk test (6MWT) is a submaximal test to assess 
functional capacity for exercise. In Colombia, the distance of  the 6MWT is com-
pared with those predicted by reference equations from other countries. Besides, pe-
dometric measurements have not been included in the test.

Objective. To establish reference values for the distance walked in the six-minute 
walk test (6MWT) and the equation according to sex in healthy people in the south-
western Colombia.

Methods. Observational, cross-sectional, and correlational study. There were 336 
volunteers, 227 males, with no history of  respiratory disease, cardiovascular disease, 
or comorbidities limiting gait. Subjects performed the 6MWT twice on the same day 
in the morning, 30 minutes apart. The pedometer was placed at the starting point; 
the laps, meters, and number of  steps in each test were recorded, selecting the one 
with the best distance. Linear regression was performed to obtain the reference equa-
tions by sex, according to age, weight, height, and number of  steps. The R2 was used 
as a measure of  adjustment.

Results. The distance walked was greater in males compared to females (616.7 
[p25-75: 566.1-657.0] vs 588.0 [p25-75: 544.5-640.0]; p = 0.008). Two equations 
were obtained by sex, for females with R2 = 0.54 and males with R2 = 0.42.
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Conclusion. The distance walked in 6MWT in Colombian subjects was more re-
markable in males than females. Height and steps were the most significant predic-
tors of  the 6MWT length in the regression equations for females and males, with R2 
of  0.54 and 0.42, respectively. 
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Exercise test; walking; exercise tolerance; reference values; rehabilitation; physical 
therapy; exercise; functional status; oxygen consumption.

Resumen

Introducción. La prueba de marcha de 6 minutos (PM6M) evalúa la capacidad del 
ejercicio funcional, y sus resultados son comparados con predichos calculados con 
ecuaciones de referencia de poblaciones de otros países. Además, la podometría no 
ha sido incluida en la prueba.

Objetivo. Desarrollar ecuaciones de referencia para la PM6M de una población 
sana (20 a 69 años) de Cali, Colombia.

Método. Estudio observacional transversal. Se incluyeron 336 voluntarios, 227 
hombres, sin antecedentes de enfermedad respiratoria, cardiovascular o comorbili-
dades que limiten la marcha. Los sujetos realizaron la PM6M dos veces el mismo día, 
con intervalo de 30 minutos. El podómetro fue ubicado en el paciente en el punto de 
partida, y se registraron los metros y el número de pasos en cada prueba. Se realizó 
regresión lineal para obtener las ecuaciones de referencia por sexo, edad, peso, talla 
y número de pasos. Se empleó como medida de ajuste el R2.

Resultados. La distancia recorrida fue mayor en hombres en comparación con 
mujeres (616.7 [p25-75: 566.1-657.0] vs 588.0 [p25-75: 544.5-640.0]; p = 0.008). Se 
obtuvieron dos ecuaciones, según el sexo, mujeres con R2 = 0.54 y para hombres un 
R2 = 0.42.

Conclusión. La distancia recorrida en la PM6M en sujetos colombianos fue mayor 
en hombres. La talla y los pasos fueron las variables predictivas más significativas de 
la distancia en la PM6M en las ecuaciones de regresión para mujeres y hombres.

Palabras clave

Prueba de paso; prueba de esfuerzo; caminata; tolerancia al ejercicio; valores de 
referencia; rehabilitación; ejercicio físico; fisioterapia; consumo de oxígeno; estado 
funcional.

Introduction

The 6MWT is a sub-maximal test that assesses the systems involved in exercise and 
reflects the patient’s behavior in activities of  daily living. The 6MWT is recommen-
ded to evaluate the response to pharmacological and non-pharmacological thera-
peutic interventions, assess functional status, and predict survival/mortality in several 
diseases [1,2].
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In some countries, studies were conducted on healthy individuals to determine the average 
values of  the distance walked in 6MWT in the USA [3], Belgium [4], Portugal [5], and in 
the Chinese population [6], among others. In Latin America, some studies are well known, 
such as those carried out in Chile [7], Brazil [8], and Brazil, Santiago de Chile, Colombia, 
Pamplona, Santa Cruz de Tenerife Zaragoza, Montevideo, Boston Tampa, and Caracas by 
Casanova et al. [9].

In Colombia, although the 6WMT is routinely used in cardiac and pulmonary rehabili-
tation programs, reference equations designed for populations in other countries are used, 
with different anthropometric and ethnic characteristics that do not represent our population. 
Some authors suggest that variables such as sex, age, weight, and height are the main deter-
minants of  establishing predicted values of  distance walked [3,4,10,11]. Therefore, it is nec-
essary to carry out studies that show equations considering the anthropometric characteristics 
of  our population to perform objective measurements in rehabilitation programs. 

The 6MWT is a safe, inexpensive tool, and the equipment needed for its performance 
is few and easily acquired. In turn, some authors have used pedometers to assess the level 
of  physical activity and its relationship with functional capacity [12]. Considering that pe-
dometers are easily accessible technological devices, including them during the 6MW would 
facilitate the recording of  the number of  steps, providing additional information on the par-
ticipant’s performance and the changes generated by rehabilitation interventions. These ar-
guments allow us to justify the inclusion of  pedometrics as a new variable in the proposed 
baseline equations for the 6MWT.

Currently, no known studies determine reference equations to predict the distance walked in 
the 6MWT with a representative sample of  a healthy Colombian population. Therefore, this 
study aimed to establish the reference values of  the distance walked in the 6MWT in a healthy 
population of  southwestern Colombia and determine a reference equation according to sex, 
age, anthropometric measurements, and the number of  steps covered. All of  this to provide 
a tool that will allow health professionals in our region to have reliable parameters to perform 
objective evaluations and establish interventions tailored to the needs of  the patients.

Method

An observational, cross-sectional, and correlational study was conducted in 2017 and 2018. 
The sample consisted of  the population of  the city of  Santiago de Cali, to 1000masl. 

Healthy subjects over 18 years of  age, with the absence of  musculoskeletal injuries, with 
no history of  hospitalization during the six weeks before the study, with Charlson index 0, 
residents of  the city of  Cali older than six months, who were able to walk independently were 
included [13]. Subjects with chronic respiratory, cardiovascular, metabolic, neuromuscular, 
rheumatologic, or musculoskeletal diseases that influenced the ability to walk independently 
were excluded.

Sample size calculation

The correlation between the variables sex, weight, height, the number of  steps, and the 
6MWT was estimated using the following formula:
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Where (r) is the estimated population correlation. After a bibliographic search, no similar 
studies in Colombia provided such information. Therefore, estimates were taken from a study 
conducted with healthy subjects aged 20 to 80 in Chile [7]. The criterion used was the geo-
graphical proximity between Chile and Colombia and the assumption of  a more significant 
anthropometric similarity between the subjects of  these two countries compared with studies 
at the world level.

The study by Osses et al. made it possible to identify estimates of  correlations differentiated 
by sex, and the lowest reported coefficients were chosen for the sample size [7]. The reliability 
(1-α) was 95% (α = 0.05), and the 1-β statistical power established for this study was 80% (β 
= 0.2). The following values associated with the normal distribution were considered for the 
bilateral case: Z_(1-α⁄2) =1.96 and Z_(1-β) = 0.84. The minimum size required to estimate 
these correlations was 426 participants. At the end of  the study, a sample of  322 participants 
(225 men and 97 women) was obtained, reaching a final reliability for men of  90% and a 
statistical power of  80%. In the case of  women, a reliability of  93.25% and a statistical power 
of  80% were obtained.

Ethical considerations 

The study was approved by the Ethics Committee of  the Universidad del Valle, Colombia 
(approval act 06-014) and by the Institutional Committee where the tests were performed, un-
der the Helsinki declaration. On the day of  the 6MWT, all participants signed the informed 
consent form, and a copy was provided. Each participant was assigned a code to preserve the 
confidentiality of  the information.

Procedures

The media were used to recruit participants, and direct contact was established with commu-
nity members who received information about the study. Communication was maintained by 
e-mail and telephone, informing participants of  the days on which the tests would be carried 
out and the recommendations of  ATS for the 6MWT [10]. 

Height and weight were obtained according to techniques standardized by the World Health 
Organization, with the participants in light clothing and without shoes. They were measured 
with a calibrated Health o Meter Professional® scale (0.1kg accuracy), 350lb/160kg capacity, 
and a measuring rod or stadiometer (0.5cm accuracy). Weight and height were used to calcu-
late the body mass index (BMI).

Before and at the end of  the 6MWT, heart rate, peripheral oxygen saturation (SpO2), respi-
ratory rate, blood pressure, and the perception of  dyspnea and fatigue (were monitored with the 
modified Borg scale), in a sitting position. Heart rate and SpO2 were monitored during the test 
via wireless telemetry (WEP-4208J®Nihon Kohden Corporation). 

The test was performed in a flat corridor 30 meters long, with a cone at each end, and the 
participants were stimulated every minute with standardized phrases until completing 6 min-
utes. All participants performed two tests on the same day, in the morning, with a 30-minute 
break. The laps and meters walked in each test were recorded, and the one with the longest 
distance walked was selected for analysis [10]. 

The pedometer, Omron Hj-720itffp poket® brand, was placed according to some authors’ 
recommendations: perpendicular to the floor, on the right hip, and once the participant was 
at the starting line [14]. The pedometer was removed at the end of  each test, and the number 
of  steps was recorded, being calibrated before use to ensure the reliability of  the information. 
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All measurements were performed by two physiotherapists specializing in Cardiopulmo-
nary Physiotherapy, with three years of  experience in the performance of  the test and with 
training in user instructions, verbal commands, use of  forms, and taking of  variables.

Statistical methods

A data quality verification process was carried out, with a weekly review of  the information 
recorded in the forms. The report was then entered in Excel and verified by an external per-
son. For the description of  the data, the Kolmogorov-Smirnov test was initially applied to find 
out whether the data behaved according to a normal distribution. If  the assumption of  nor-
mality was not met, the variables were reported as medians as a measure of  central tendency 
with their respective interquartile range as a measure of  variability. The Mann-Whitney U 
test was used to compare variables by sex.

The study variables were evaluated to determine the degree of  linear association with the 
6MWT, which was measured using Pearson’s correlation test. In addition, a multiple linear 
regression analysis was performed to evaluate the contribution of  the independent variables 
to the estimation of  the distance walked in the 6MWT, for which sex, age, weight, height, and 
the number of  steps were considered as predictor variables. The adjusted R2 was taken into 
account to measure the model fit.

The assumptions of  the regression model were duly validated using the Shapiro Wilk test to 
validate the normality of  the residuals, the Levene test to evaluate the homogeneity of  the vari-
ance of  the residuals, and the Durbin Watson test to check the non-correlation of  the residuals.

Data analysis was performed in Stata statistical software version 14. A p-value <0.05 was 
considered statistically significant throughout the study. 

Results 

Table 1 presents that, in the comparison by sex, age, and steps covered in the 6MWT were 
similar in males and females (p = 0.705 and p = 0.423 respectively), in contrast to height, 
weight, and BMI, which presented statistically significant differences (p = 0.000, p = 0.000, 
and p = 0.012 respectively). The distance walked in the 6MWT showed statistically significant 
differences (p = 0.009).

Table 1. Comparison of characteristics by sex.

Variable
Males

n = 225

Females

n = 97
P Value*

Age (years) 44.0 (30.0 – 55.0) 42 (28.0- 54.0) 0.71

Height (cm) 172.0 (166.0 – 177.0) 159.0 (156.0 – 163.0) <0.001

Weight (kg) 79.0 (70.0 – 87.5) 64.0 (58.0 – 73.5) <0.001

BMI (Kg/m2) 26.9 (24.3- 29.9) 25.9 (23.1-28.3) 0.01

Steps performed 758.0 (714.0-791.0) 764.0 (725.0-796.0) 0.42

Distance walked in the 
6MWT (m)

616.7 (566.1 - 657) 588.0 (544.5 - 640) 0.009

Notes. Data presented in Median (p25-75). *Statistical test: Mann-Whitney U test. P-value < 0.05. BMI: 
Body Mass Index; 6MWT: six-minute walk test.
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Figure 1 shows that, for the median distance walked by a group of  age and sex, with in-
creasing age, the distance decreased to a greater extent for women. Starting with a median 
of  610.0m for the age range 20-29 years, and at ages 60-69 years, the distance decreased to 
546m; while in men, the change was 646.5m in the age range 20-29 years and 592.5m for 
men 60-69 years. However, these differences were not statistically significant for men (p = 
0.329) and women (p = 0.181).
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Figure 1. Median distance walked by a group of age and sex.

Figure 2 presents the evaluation of  the correlation between the independent variables and 
the distance in the 6MWT, showing that age demonstrated a weak correlation of  0.27, and 
height showed a higher correlation of  (r = 0.35). Concerning weight, no linear relationship 
was identified (r = 0.06). As for the number of  steps, the variable showed the highest correla-
tion with the distance walked (r = 0.54). 
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Figure 2. Correlation between predictor variables with the response variable.

Note. Correlation between predictor variables (age, weight, height, and number of steps) with 
the response variable (distance in the 6MWT).

Table 2. Multiple regression models for the 6MWT according to sex. Age range between 20 and 69 years.

Variables
Female (n = 97)

Coefficient P Value
Age -0.88 0.02

Weight -2.94 <0.001

Height 3.84 <0.001

Steps 0.35 <0.001

Constant -48.61 0.74

R2 Adjusted 0.54 <0.001

Multiple Model* 6MWT  (-0.88 x ageYears) - (2.94 x WeightKg) + (3.84 x Height cm) + (0.35 x StepsNum) – 48.61cm

Variables 
Male (n = 225)

Coefficient P Value
Age -0.05 0.86

Weight -0.75 0.04

Height 3.98 <0.001

Steps 0.65 <0.001

Constant -493.5 <0.001

R2 Adjusted 0.42 <0.001

Multiple Model* 6MWT (-0.05x AgeYears) - (-0.75x WeightKg) + (3.98x Heightcm) + (0.65x StepsNum) – 493.5cm

Note. 6MWT: six-minute walk test.
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Reference equations

Table 2 shows that equations were established for estimating the distance walked in the 6MWT 
for men and women between 20 and 69 years of  age. In the multiple linear regression models, 
age, weight, height, and the number of  steps for women and men were included, obtaining 
an adjusted R2 of  0.54 and 0.42, respectively. All the variables included were significant in 
females; the variables of  weight, height, and steps were statistically significant in males (p = 
0.036, p = 0.000, and p = 0.000, respectively).
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Discussion 

The study aimed to establish reference values for the distance walked in the 6MWT and the equa-
tion according to sex in healthy people in the southwestern part of  Colombia. The results showed 
that it was possible to design two equations, one for women and one for men, with R2 of  0.54 and 
0.42, respectively, using age, weight, height, and the number of  steps as predictive variables. 

Clinicians and researchers can use this information in the study’s region. Nevertheless, 
currently, equations developed in other countries are used. Therefore, it is recommended 
that reference values of  the population where the test is performed be used for interpretation 
[10,15,16]. Hence, the researchers of  this study consider that the equations obtained could be 
the most appropriate for evaluating functional capacity in this population.

Two tests were performed with standardized minute-by-minute orientations, and the best 
distance walked was taken for the analysis [10,17]. In the methodology described in the study 
by Enright and Sherrill [3], they performed a single attempt, and participants received no 
stimulus during the test. In the present study, two tests were performed with the stimulus to 
walk as fast as possible, as in the studies by Troosters et al. in Belgium and Osses et al. in Chile 
[4,7]. The authors of  the present study consider that the effect of  the learning curve when 
two tests are performed can substantially impact an increase in the distance [18].

Concerning using the pedometer during the test, according to the review by Miragall et al. 
[19], all pedometers are accurate at moderate speeds, regardless of  the location. In this study, 
it was placed perpendicular to the ground, on the right hip, and no difficulty was presented 
in terms of  falls or displacements during the performance of  the two tests. The authors of  
this study agree with Miragall et al. [19] in that the characteristics of  the pedometers vary 
considerably according to model and location, so it is always necessary to use the same device 
and consider explicit and complete information on the model used, and the spot indicated. 
Literature related to the 6MWT in different pathologies and contexts is growing; however, 
there is scarce literature describing the use of  the pedometer during the test to compare the 
results and favor the reliability of  the information.

In this study with the southwestern Colombian population, the distance walked in the 
6MWT was 616.7m. for men and 588.0m. for women, results similar to those published by 
Walteros et al., who found 658.9m. in men and 592.7m in women; and Viola et al. who identi-
fied 602.7m. in women and 672.4m. in men; studies carried out in central Colombia (Bogota) 
[20,21]. Osses et al. in Chile and Dourado et al. in Brazil also reported the distance walked in 
the 6MWT [7,15]. In other populations of  the world, similar results have also been identified 
regarding greater distances walked by men; in Singapore, it was 580m for men and 538m for 
women; in Bangladesh, 487m for men and 413m for women, and in Japan 624m and 541m 
[22-24]. In the study by Alameri et al., in an Arab population, they reported greater distance 
values in men (429m) than in women (386m) (p<0.001) [25].

In the southwest of  Colombia, in cardiac and pulmonary rehabilitation programs, pre-
diction equations are used to calculate the distance walked in the 6MWT, designed with 
populations from other countries [3,4], which could be causing over or underestimation of  
the predicted distance, influencing the therapeutic goals established in the rehabilitation pro-
grams. In this regard, Mendoza-Núñez et al. and Bernal-Orozco et al. suggest that the devel-
opment, validation, and application of  equations that include anthropometric data should be 
performed in the local population with a similar social context to minimize estimation errors 
[26,27]. The previous information supports this study’s results that considered the subjects’ 
sociodemographic and anthropometric characteristics and required specific equations.
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The results of  the distance walked in the 6MWT can vary in populations with similar an-
thropometric characteristics. Casanova et al. compared healthy men and women from seven 
countries. The results showed that for each geographic area, there are differences between 
the variables, finding a significant decrease in the distance in the older population. In terms 
of  sex, they found that men walked 30 meters more than women [9]. Results similar to those 
identified in the present study, in which a more significant difference of  28.7m was observed 
in men compared to the distance walked by women. The authors of  this study consider that 
these results could be explained by the fact that men are taller than women, finding a differ-
ence of  13cm in height, which proportionally increases the length of  the stride. In addition to 
the above, men present more significant development of  muscle mass and strength [5,28,29].

In the Chilean population, the results reported were significantly higher in men than in 
women, 644±84 vs. 576±87m, respectively, and in Brazil, the mean distance walked in the 
6MWT for the second test was 583±83m (range: 417-828m); results very similar to those 
of  the present study 616.7m (566.1-657.0) and 588.0m (544.5-640.0) for men and women, 
respectively, considering that the population of  these countries have anthropometric charac-
teristics similar to the city where the present study was conducted.

In this investigation, the regression equation showed that height and weight were signifi-
cant predictors for the distance walked in the 6MWT for both sexes (p<0.001). Data that co-
incide with the studies of  Trossters et al. and Rikli et al. with Caucasian subjects found greater 
height and distance walked in the 6MWT compared with the results obtained in Asian and 
Saudi populations [4,22-24,30]. The differences between countries can also be influenced by 
various factors, such as the altitude above sea level. This study shows a good tolerance of  the 
population associated with the test without significant alteration of  vital signs, ethnicity, pop-
ulation selection criteria, and the methodology for performing the test [24,31].

The differences in the results of  the 6MWT can also be explained by a critical parameter 
related to the step length for walking since those who have a longer walking length must turn 
more frequently and spend more time moving. This study presents a significant advance in 
the analysis of  the results linking the steps performed to complement this analysis.

The studies reviewed also describe the design of  prediction equations using anthropo-
metric variables such as weight and height; however, the number of  steps was not included 
[3,4,7,15]. To date, no known studies in southwestern Colombia have included the use of  pe-
dometry in the performance of  the 6MWT. The authors consider that pedometry can be pro-
posed as a practical and economical method to complement the evaluation of  the reference 
values obtained through the 6MWT and to facilitate the follow-up of  physical activity [32].

Regarding the number of  steps performed in the 6MWT, healthy subjects demonstrated a 
relationship with the distance walked that is not even modified with different instructions giv-
en by the evaluator, which implies that this variable can be considered to perform the 6MWT 
routinely and used as a reference value in this population [33,34].

The authors consider as a strength of  the study that the same evaluator performed all 
measurements in the same period of  the day. The evaluator also followed the same protocol 
to reduce the occurrence of  discrepancies and biases during data collection, the probability 
of  error in the proposed equations, and the quality control performed in the data collection 
and analysis processes. Integrating podometry into the proposed equations introduces an in-
novative approach to evaluating functional capacity using the 6MWT.
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Limitations are related to greater participation of  men than women, implying that one of  
the groups could have greater representativeness; however, the results reported represent our 
population. Further multi-center validation studies are recommended to facilitate comparison 
between different people and to support the use of  the proposed equations in the clinical setting.

Conclusions

Men had a greater distance walked in the 6MWT compared to women. Height and steps 
were the most significant predictors of  the 6MWT length in the regression equations for fe-
males and males, with R2 of  0.54 and 0.42, respectively. In the regression equations for men 
and women, height and steps were the most significant predictors for 6MW walking distance, 
with R2 of  0.54 and 0.42, respectively.

This study is a reference framework in southwestern Colombia, a pioneer in including 
podometry and establishing equations for predicting the distance covered in the 6MWT test, 
considering anthropometric variables specific to the population.

These equations could be a tool for the evaluation and monitoring of  rehabilitation inter-
ventions. However, additional studies are required to validate these results and identify the 
applicability of  the equations in clinical contexts.
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