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Abstract

Introduction: The Six-Minute Walk Test (6MWT) is widely used to assess functional capacity in children. The
measure of work during 6MWT can add important information to the 6MWT assessment in this population
as it relates to walking efficiency. Objective: To verify the determinants of work during the Six-Minute
Walk Test (6MWT_ ) in school-aged children. Method: This is a cross-sectional and exploratory study that
included healthy children recruited from the public and private schools of the cities of Belo Horizonte and
Uberlandia, Brazil. The inclusion criteria were: children aged 7 to 12 years without diagnosis of chronic
cardiorespiratory disease, cognitive, behavioral disorder or physical function impairment (information
obtained through self-report of those responsible for children). Exclusion criteria were children who refused
to perform the 6MWT; who did not understand the 6MWT or who did not answer the test commands. Three
hundred and nineteen school-aged children were included in the study. Correlation analyses and multiple
linear regression analysis were used to identify the variables associated with the 6 MWT__ .. Results: Age,
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Resumo

height, nutritional status, physical activity and heart rate showed significant correlation with 6MWT__, (p
<0.001) and explained 87% of its variation (p = 0.0001). Conclusion: Age, height, nutritional status and
heart rate variation are determinants of 6MWT_ | thatis able to evaluate functional capacity of school-aged
children.

Keywords: Children. Physical Fitness. Submaximal Exercise Testing. Walking.

Introdugdo: O teste de caminhada de seis minutos (TC6min) é amplamente utilizado para avaliar a capacidade
funcional em criangas. A medida do trabalho durante o TC6 poderia adicionar informagées importantes a ava-
liagdo do TC6 nessa populagdo, no que se refere a eficiéncia da marcha. Objetivo: Verificar os determinantes do
trabalho durante o Teste de Caminhada (TC6émin) em criangas em idade escolar. Método: Trata-se de um estudo
transversal e exploratdrio que incluiu criangas sauddveis recrutadas nas escolas ptiblicas e privadas das cidades
de Belo Horizonte e Uberldndia, Brasil. Os critérios de inclusdo foram: criangas de 7 a 12 anos sem diagndstico
de doenga cardiorrespiratoria crénica, distirbio cognitivo, comportamental ou comprometimento da fungdo
fisica (informagdes obtidas por auto-relato dos responsdveis pelas criangas). Os critérios de exclusdo foram:
criangas que se recusaram a realizar o TC6; que ndo entenderam o TC6 ou que ndo responderam aos comandos
de teste. Trezentos e dezenove criangas em idade escolar foram incluidas no estudo. Andlises de correlagdo e
andlise de regressdo linear multipla foram utilizadas para identificar as varidveis associadas ao trabalho com
TC6. Resultados: Idade, altura, estado nutricional, atividade fisica e frequéncia cardiaca apresentaram corre-
lagdo significativa com o trabalho durante o TC6min (p <0,001) e explicaram 87% de sua variagdo (p = 0,0001).
Conclusado: Idade, altura, estado nutricional e variagdo da frequéncia cardiaca sdo determinantes do trabalho
no TC6, e portanto, devem ser considerados na avaliagdo da capacidade funcional de criangas em idade escolar.

Palavras-chave: Criangas. Aptiddo Fisica. Teste de Exercicio Submdximo. Caminhada.

Introduction

The Six-Minute Walk Test (6MWT) is widely used
in the pediatric population to assess functional and ex-
ercise capacity in physiotherapy clinical practice and
scientific research. The distance covered in this test
(6MWT, ) is the endpoint used to measure the in-
dividual's performance [1-3]. The literature indicates
that the work during the 6MWT (6MWT, ) can add
important value to test interpretation and physical ca-
pacity in the pediatric population [4-8]. The 6MWT_
is calculated by the product of the covered distance and
body weight, it is described as a feasible and clinically
useful measure for the assessment of functional and
exercise capacities in healthy adults and children [4-10]
and with chronic diseases. According with Chuang et al.
[10], “converting walking distance to maximal exercise
capacity is not easily done because of differences in the
characteristics of the exercise and body weight factor
confounding the walking performance”.

The two main reasons to include an analysis of the
6MWT_ . in the interpretation of the 6MWT are: 1)
6MWT,_ . correlated more with the maximal oxygen
uptake and anaerobic threshold (determined from the
cardiopulmonary exercise test), with the change dis-
tance in Borg score and pulse oxygen saturation (Sp0,)
in the 6BMWT and self-assessed every-day activities in
patients with Chronic Obstructive Pulmonary Disease;
and 2) 6MWT . was better correlated with diffusing
capacity for carbono monoxide and vital capacity in
these patients [11-13].

In the pediatric population, G(MWT_ was first in-
vestigated by Cunha et al. [4] in children and adoles-
cents with cystic fibrosis and another study with healthy
children. The authors evidenced that the 6MWT
measure showed a strong correlation with height and
moderate correlation with the maximum expiratory
pressure, systolic blood pressure and diastolic blood
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pressure, concluding that this measure may be an ad-
ditional parameter to determine the physical capacity
of children with cystic fibrosis. Other studies have been
carried out with children to explore the 6MWT_ ., not-
ing that this measure adds important information in
the interpretation of the 6MWT results in this popula-
tion, especially in the evaluation of exercise capacity in
children with other diseases [5,7,8].

Age, sex, weight, height, BMC and difference between
HR post 6MWT and resting HR (A_HR) are factors as-
sociated with the 6MWT and predictors of 6 MW, in
healthy children [14-22], being BMC and A_HR poorly
explored in scientific research. Considering the high
clinical applicability of 6GMWT [1,3,23] and the relation
of oMWT,_ _ to functional and exercise capacity in chil-
dren [4,5,7,8], it is also relevant to investigate which
factors influence this measure. Thus, the objectives of
the present study were to verify the determinants of
the 6MWT_  in school-aged children.

Method

This is a cross-sectional and exploratory study that
included healthy children recruited from the pub-
lic and private schools of the cities of Belo Horizonte
and Uberlandia, Brazil. The present study was part of
a large multicenter study, that aimed to establish the
6MWT,  reference values for the Brazilian healthy
children [2]. The data were collected at the University
from March to November 2014. All participants and
their parents or legal guardians provided written con-
sent, based upon previous approval from the Research
Ethical Committee of the Universidade Federal de Minas
Gerais (CAAE 08827713.1.2011.5149).

The inclusion criteria were: children aged 7 to 12
years without diagnosis of chronic cardiorespiratory
disease, cognitive, behavioral disorder or physical func-
tion impairment (information obtained through self-
report of those responsible for children). Exclusion cri-
teria were children who refused to perform the 6MWT;
who did not understand the 6MWT or who did not an-
swer the test commands.

Before test procedures, demographic and anthropo-
metric data were obtained. A precise digital weighing
scale with an accuracy up to 180 kg (Yeshm Eletronic
Personal Scale-China/) was used to measure body mass.
Nutritional status was evaluated and classified, accord-
ing to the World Health Organization (WHO) reference

values [24]. Information regarding the frequency of
physical activity practice was obtained from the par-
ents’ reports.

The 6MWT was administered by experienced re-
searchers and was performed on a 30-meter corridor,
following the American Thoracic Society (ATS) guide-
lines [25]. Before the test, the children remained seated
on a chair near the start line for at least 10 min, when
heartrate (HR) and peripheral oxygen saturation (SpO,)
data were recorded. The children received the following
command: walk as fast as possible, without running
over six minutes and the total covered distance for six
minutes was registered for analysis. If there was any
interruption, the time continued to be recorded and
standardized encouragement was provided every two
minutes [25]. HR and SpO,, were measured using a pulse
oximeter (Tuffsat User & Service) and were continu-
ously monitored during the test. Atthe end, the children
were asked to sit on a chair and HR, SpO,, perception
of effort (Modified Borg Scale) [26] measures were col-
lected immediately after the test and at after one and
two minutes of recovery. If the children complained of
any discomfort and expressed the desire to stop the test,
the protocol was discontinued and their were excluded
from the study.

The 6MWT , was calculated, using the following for-
mula: 6MWT,_ (m)*body weight (kg.m/s*), consider-
ing the acceleration of gravity of 9.8 m/s? and reported in
Joules (]). This calculation was based on study performed
by Chuang et al. [10] using the assumptions of the original
study on the measure of work postulated by Cavagna et
al. [12] Therefore, the work of walking on the horizontal
equals the product of distance and weight.

The sample size of the present study was based upon
the calculation for the multicenter study. For this calcula-
tion, 11 sub-populations were considered, covering all
regions of Brazil, according to the Brazilian Demographic
Data in 2010 [2]. Thus, since this study involved two
centers located in Minas Gerais state, the sample size
was defined as 158 children per center. First, an invita-
tion letter was addressed to the principals of the public
and private schools. After acceptance, a meeting was
held with the children's parents to present the study
protocol. Participated in the study the children whose
parents allowed participation through written informed
consent and who met the study inclusion criteria. The
calculation of the sample size for the regression analysis
was performed considering the calculation formulan =
10 (k + 1), where n is the required sample number and
kis the number of explanatory variables [27].
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Descriptive statistics (measures of central tendency
and dispersion), frequencies, and tests of normality of
distribution (Shapiro-Wilk) were carried-out for all
variables. To identify the variables correlated with
6MWT ., we used the Pearson Correlation Test for
the height and AHR variables in the 6MWT and the
Spearman Correlation Test for age, sex, nutritional
status and physical activity. The children in the pres-
ent study were classified into six subgroups according
to age (Group 1 - 7 years old; Group 2 - 8 years old;
Group 3 - 9 years old; Group 4 - 10 years old; Group
5 - 11 years old; Group 6 - 12 years old); this variable
was operationalized as a categorical data in the corre-
lation analysis. To verify the existence of association of
the 6BMWT . dependent variable with the significant
explanatory variables in the correlation tests, multiple
linear regression analysis was performed - stepwise
backward method. All analyses were carried-out with
the Statistical Package for the Social Sciences (version
17.0). The significance level established was of 5%.

Results

Three hundred and twenty-four children were evaluat-
ed. Data from five were excluded, for the following reasons:
could notunderstand the test procedures (one), difficulty
in assessing the perceptions of effort (two), and lack of
information on physical activity practice (one) and SpO,
(one). The final sample consisted of 172 females and 147
males. Table 1 shows the characteristics of the participants
in relation to age, sex, nutritional status, physical activity,
body weight and height. A total of 138 children (43.3%)
were on regular physical activity, of which 85 were female
(61%). The mean weekly exercise frequency was 2.45 (+
1.08) times per week. The variables assessed in the 6MWT
are shown in Table 2.

The correlation analysis showed that age (r = 0.63),
nutritional status (r = 0.40), physical activity practice (r
= 0.21), AHR (r = 0.24) and height (r = 0.68) were sig-
nificantly and positively related to 6MWT, . (p <0.001)
(Figure 1); sexwas not correlated (p =0.72). Multiple linear
regression analysis showed that age, height, nutritional
status and AHR explained 87% ofthe 6 MWT , variation
inthe children evaluated (p=0.0001) (Table 3 and Figure
1). Physical activity did not contribute significantly to this
model (p> 0.05).

Table 1 - Characteristics of participants

Variables (n=319)
Age, n (%)
7 years 53 (16.6)
8 years 54 (16.9)
9 years 57 (17.9)
10 years 48 (15)
11 years 54 (16.9)
12 years 53 (16.6)
Sex, n (%)
Girls 172 (53.9)
Boys 147 (46.1)
Nutritional Status, n (%)
Low weight 9(2.8)
Eutrophic 200 (62.7)
Overweight 62 (19.4)
Obese 48 (15)
Physical Activity Practice, n (%)
Practitioners 138 (43.3)
Not practitioners 181 (56.7)
Weight (kg), average (SD) 36.89 (10.97)
Height (m), average (SD) 1.41 (0.33)

Note: SD = standard deviation.

Table 2 - Variables evaluated in the Six-Minute Walk Test
Variables (n=319) Average (SD)
HRrest (bpm) 91.15 (14.68)
HRend 6MWT (bpm) 100.52 (18.92)

AHR_B6MWT (bpm) 9.71 (17.37)
HRR1_6MWT (bpm) 94.74 (16.04)
HRR2_6MWT (bpm) 93.12 (16.36)
SpO,est (%) 95.78 (4.14)
Sp0,end_6MWT (%) 95.16 (3.70)
Borg end_6MWT 1.40 (1.67)

6MWTdistance (m) 481 11 (8933)
BMWT, . (J) 173727.80 (61043.70)

Note: SD = standard deviation; 6MWT: Six-Minute Walk Test; HR
= Heart Rate; AHR_6MWT = HR post 6MWT minus resting HR;
HRR1_6MWT: Heart Rate Recovery at one minute after the Six-Minute
Walk Test; HRR2_6MWT: Heart Rate Recovery at one minute after
the Six-Minute Walk Test; Sp0, = Peripheral Oxygen Saturation;
BMWT,.... = Distance traveled in the Six-Minute Walk Test; 6MWT,
= Work on the Six Minute Walk Test.
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Table 3 - Multiple linear regression of the determinants of

work on the Six-Minute Walk Test (6MWT )
Explanatory

2 -

variables = B p-value
Constant 0.87 4065352  <0.0001
Age 446.22 0.03
Height 35380.04  0.0001
Nutritional 334821 0.0001
Status?
AHR_6MWT 97.55 0.0001

Note: R?= Determination coefficient. @ = 1 Low weight; 2 Eutrophic;
3 Overweight; 4 Obese. AHR_6MWT=Six-minute walk test final
heart rate - resting heart rate.

Discussion

The main finding of this study is: age, height, nu-
tritional status and AHR are important determinants
of 6MWT _ . in school-age children. Studies about
6MWT, inschool-aged healthy children show that
age, weight, height and AHR can explain around 36,6
to 60% of the variation of the distance covered by these
individuals [15,17 - 20]. In the present study, age, height,
nutritional status and AHR explained 87% of the varia-
tion of the work produced by the children in 6MWT. This
finding is similar to the study by Silva et al. [5] who also
used the work as an outcome measure of the 6MWT.
These authors studied children and adolescents after
lung transplantation and found that B(MWT,_ , showed
a significant correlation with age, anthropometric pa-
rameters (weight, height, BMI) and pulmonary func-
tion (forced vital capacity, peak expiratory flow rate
and volume expiratory). These authors demonstrated
that age, expiratory volume and PEF explained 80% of
the BMWT_  variation, which means that this measure
could add important value in determining the functional
capacity of these individuals and seems to be a more
robust measure than 6MWT,_  alone.

Age and height were the variables that presented
the highest correlation with 6MWT . among the oth-
ers evaluated. Cunha et al. [4], Silva et al. [5], Hassan
etal. [7] and Lesser etal. [8] also found similar results
in children with chronic diseases and healthy condi-
tions. However, Silva et al. [5] and Lesser et al. [8] found
a significant correlation between age, body weight,
height and 6MWT_ ., with body weight and height,
being the variables that presented the highest correla-
tion with this measure. In the studies by Cunha et al.

[4] and Hassan et al. [7], the highest correlation was
found between height and 6MWT,_ __ in children with
cystic fibrosis, hemophilia, juvenile idiopathic arthritis,
spina bifida and healthy volunteers. It is known that
age is a variable that directly influences 6MWT,
older children have a better performance in the 6MWT
[15,18 - 20]. Therefore, these children also tend to have
a higher capacity to generate 6MWT . [5,28]. This
capacity is associated with the maturity of body sys-
tems during development, especially the musculoskel-
etal system, which leads to the possibility of greater
mechanical efficiency in walking due to the greater
capacity of storage, transfer and recovery of potential
elastic energy [11,29].

Height is one of the most widely used anthropomet-
ric parameters in pediatric clinical practice and is con-
sidered to be a more robust measure than age itself in
relation to the 6MWT performance, since children are
constantly in the process of growth and development.
Children of the same age and different heights tend to
present different performances in the 6MWT [1,5,19].
Higher individuals have a greater lever arm due to the
longer distance of the BMC relative to the ground, which
generates greater anterior displacement of the body;,
and therefore, greater work and energy production
during walking. This favors greater storage of elastic
potential energy through the mechanical energy pro-
duced by the body to displace the BMC in space, as well
as the transfer of this energy to the movement of the up-
per and lower limb during walking [11,29]. Therefore,
depending on the studied population, in addition to age,
height should also be considered in the assessment of
functional capacity through 6MWT_ ..

The nutritional status evaluated through the BMI
showed a significant correlation with the 6MWT,_ .
This finding can be explained by the small variation
found among the different classifications of nutritional
status of the children evaluated. Conversely, Lesser et al.
and Silva etal. demonstrated that BMI had a moderate
correlation with6MWT __ in healthy and cystic fibrosis
children [8] and in children after lung transplantation
[5]. In the study of Hassan et al. [7] similar findings
were observed in children with chronic conditions and
healthy conditions.

Nutritional status analysis is relevant in the func-
tional evaluation of children, since mass gain is as-
sociated with an increase in overweight and obesity.
This does not necessarily imply higher 6 MWT . pro-
duction, since these conditions lead to worse 6MWT
performance for the age group (lower 6MWT ) in

distance-
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addition to generating metabolic overload to the indi-
vidual [1,30]. Compared to adults, the height and weight
directly influence the work produced during walking,
considering the body's necessary displacement in the
environment. This is particularly applicable to children,
who present a higher energy cost per kilogram of body
weight per meter of distance traveled [13,29,30].

The AHR in the 6MWT is a variable influenced by
age, sex, BMI and level of physical activity [8,18,19,22].
In the present study, there was a positive and weak cor-
relation of this variable with 6MWT ., which canbe ex-
plained by the value and variability observed in the AHR
of the children evaluated. Despite this result, it could be
inferred that children whose AHR was higher tended to
produce higher 6MWT . Studies show that HR dur-
ing the 6MWT in healthy school-aged children ranges
[18] from 23t080% [14,15,17,19,20 - 22] and that this
measure is directly associated with the 6MWT,_ .
Therefore, this variability of the chronotropic response
in children during the 6MWT is expected and is an im-
portant hemodynamic parameter that should be con-
sidered in the evaluation of the functional capacity of
these individuals.

Cunha et al. [4] and Lesser et al. [8] found no re-
lationship between 6MWT_ . and hemodynamic and
cardiovascular responses in healthy children. However,
this relationship was observed in children with chronic
diseases. The study by Cunha etal. [4] showed that there
is a moderate correlation between blood pressure and
6MWT, . inchildrenwith cysticfibrosis. Lesser etal. [8]
found a moderate correlation between HR in maximal
oxygen consumption and 6MWT,_ . and strongoxygen
pulseand 6MWT . inhealthy children and with cystic
fibrosis assessed by the 6MWT and in the maximum
exercise test. The bMWT | represents exercise capacity
in sick children, becoming a relevant measure for clini-
cal practice, since these children are not always able to
perform maximal exercise tests to obtain the maximal
oxygen consumption [8].

Physical activity showed a positive but weak cor-
relation with 6MWT_ . and did not contribute to the
regression model. This result can be explained by the
fact that this variable is influenced by other factors,
such as the type of physical activity, the child's life
style and the time spent with other activities of daily
living, in relation to the child's performance in 6MWT
[14,15,17 - 22]. However, Saad et al. [20] and Ulrich et
al. [22] evaluated the relationship of physical activity
with the 6MWT performance in healthy school-aged
children and the results showed that the frequency of

physical activity correlated with 6MWT, . Those who
practice physical activity and who present with higher
frequency in practice are more likely to have 6MWT
longer [20,22].

Lesser etal. [8] also showed that children with high-
er physical activity are able to sustain the effort during
the 6BMWT when assessed by means of the maximum
treadmill stress test, which takes into account the in-
terference of motivation for performance in the test [5].
Thus, regarding the analysis of the relationship between
physical activity and 6MWT _ . in the present study, it
suggests that physical activity alone does not determine
the ability to generate GMWT __ in children. However,
the type and frequency of the activities may influence
this ability. This points out to the need for future stud-
ies that investigate the relationship between physical
activity practice parameters and 6MWT

The present study has some limitations. First, other
kinematic variables, such as stride length and cadence,
which is known to influence walking speed, were not
evaluated. Second, internal and external forces involved
in walking, which would provide the analysis of the total
energy efficiency, were not calculated.

It is worth to highlight that the inclusion of the
6MWT . for the assessment of functional capacity
is this measure easily obtained and its determinants
brings information relevant for the area of pediatric
physiotherapy in different conditions, such as cardio-
respiratory and neuromusculoskeletal diseases. These
individuals, in general, have poor mechanical efficiency,
higher energy expenditure and metabolic costs during
activities of daily living, including walking,

distance

work”

Conclusion

Age, height, nutritional status and heart rate varia-
tion are determinants of GMWT,  thatis able to evalu-
ate functional capacity of school-aged children.
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