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Background: Cardiopulmonary exercise testing is the criterion standard for assessing exercise capacity. It pro-
vides complete assessment of the respiratory, cardiac and metabolic system. As a cost effective way of assessing
the physical function of an individual, Incremental shuttle walk test and Six minute walk test are most frequently
applied in diagnostic as well as therapeutic purpose. It is especially important to understand how children and
adolescents respond to exercise because fitness plays important role in management of obesity to develop
lifelong healthy habits. With increased in number of children with obesity due to changes in lifestyle, physiologi-
cal aspects such as growth and development is also getting affected. Hence assessing fitness in children as
current need of society, reference values estimation implies significant role in betterment of younger population.

Objective: The purpose of this study is to find out the reference values for incremental shuttle walk test in age
group 8 - 16 years and to correlate age, height, and weight and body mass index with incremental shuttle walk
test.

Methodology: 180 subjects were selected from the age group of 8 -16 years. The subjects in this study were
recruited from local and primary school. Before starting the test, weight and height was measured by calibrated
weighing scale and stadiometer by standard anthropometric methods. The three trials were given to subjects and
mean of measures was taken for further analysis of data.

Results: Data was checked for normality by using Shapiro-wilk test. Linear regression analysis using age, height,
weight, and gender were applied with ISWT as a dependent variable. There was significant correlation with age
(boys r= 0.8354, p< 0.0001 & girls r=0.808, p< 0.0001), Height (boys r=0.8475 & p<0.0001, girls r=0.8746 & p<
0.0001), and there was no significant correlation with BMI (boys r= -0.312 & p=0.148, girls r= -0.069 & p=0.956).

Conclusion: The reference values were generated for age group 8 to 16 years. It can be used as a reference to
evaluate exercise capacity for children and adolescents in Indian rural population
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that can lead to untoward response in patients
as well as in normal individuals [1].Exercise constitutes a major physiological stress
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Physical therapists are clinical exercise
specialists who apply exercise as an assessment
and diagnostic tool and treatment. Exercise
testing provides information on the level of
exercise that the subjects can perform without
undue stress [2].
Exercise testing is useful to determine functional
capacity. There are two types of exercise test-
ing  1. Maximal exercise testing 2. Submaximal
exercise testing.
Maximal exercise tests either measure or
predict maximum oxygen consumption(Vo2)
max and have been accepted in determining
fitness [1].
Maximum oxygen consumption is dependent on
the ability of the oxygen transport system to
deliver blood and the ability of cells to take up
and utilize in energy production [1].
A maximal test is defined by a plateau of Vo2
with further increase in work load.
Maximal exercise testing is considered the gold
standard for assessing maximal aerobic
capacity or functional work capacity but this test
may be limited by complaints such as exertion,
dyspnoea,fatigue,weakness and pain during
their the activities of daily living; Maximal
testing is often contraindicated or is of limited
value [1].
Sub maximal exercise testing can be used to
predict vo2 max,to make diagnosis and assess
functional limitations, to assess the outcome of
interventions such as exercise programs and to
examine the effect of recovery strategies on
exercise performance. Thus using sub maximal
function test provide more realistic stimulation
of one’s physical capability, so it is a method of
choice of physical therapist to assess the func-
tional capacity of individual [1]. The treadmill
and cycle ergometry are the most commonly
used devices in clinical exercise testing, but they
are not familiar and are very expensive.
Field test such as ‘submaximal exercise tests’
are  started to be also used for prediction of
walking performance for predetermined
distance. They are significantly used over
machines hence cost effective way of assess-
ing the physical function of an individual. The
test includes on an important component of day
to day life such as quality of walking. Among

submaximal tests, Incremental shuttle walk test
and Six minute walk test are most frequently
applied in diagnostic as well as therapeutic
purpose. Clinicians can apply this test to assess
the exercise capacity of healthy individuals as
well as disease condition. Hence it can be used
as important tool in pulmonary rehabilitation as
well as cardiac rehabilitation.
It is especially important to understand how
children and adolescents respond to exercise
because fitness plays important role in manage-
ment of obesity to develop lifelong healthy
habits [3-6].
As obesity can be a great risk factor for cardio-
vascular disease, it is important need for taking
preventive measures in controlling the epidemic
of obesity.
Incidence of obesity among children was more
found in the age group of 8-16 years. The factor
responsible for this was highly correlated with
lack of physical activity. Hence further leading
to decreased aerobic capacity as well as many
health problems [4-8]. According previous
studies, the subjects of age group of 8-16 years
are in the highest percentage of developing body
fatness. Hence this age group can develop
various risk factors such as high blood pressure,
high total cholesterol and low physical activity
index [3-6].
Earlier few studies in the incremental shuttle
walk test were done in children, but in groups
of subjects with physical dysfunction.[7-9]The
test were used in individuals with cardio pul-
monary diseases, neurological conditions, older
population and athletes [10-12]. But before
evaluating for children with impairment, it is
necessary to evaluate its parameter in healthy
subjects aged 8-16 years to find out their exer-
cise tolerance and endurance. But as there is
the lack of incremental shuttle walk test refer-
ence values in normal healthy subjects aged
8-16 years, there is limitation in using clinically
in this age group. There is also limited litera-
ture evidence found with regard to such data in
rural population. So the purpose of this study is
to find out reference values of incremental
shuttle walk distance in rural children and young
adolescents and correlate to correlate age,
height, weight and body mass index with incre-
mental shuttle walk distance.
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Subjects who met inclusion and exclusion
criteria were included in the study. Ethical
clearance was obtained from the institutional
ethical committee. The subjects in this study
were recruited from local primary and
secondary schools in and around Loni. Before
recruiting a health talk was given to the school
principal. An informed consent was taken from
the school principal.
Before starting the test, weight and height was
measured by calibrated weighing scale and
stadiometer by standard anthropometric
methods. After completion of demographic data,
incremental shuttle walk test was performed.
The test was conducted in the school
playground. The walking course was 10 m in
length and marked with cones. The subjects
were standing behind one of the lines facing the
second line and began walking when instructed.
This test involves continuous walking between
two lines 10 meters apart (consider as one
shuttle).They started walking at a very slow
speed set by metronome. While walking around
the 10 meter course, they had to turn around a
cone at the first beep, and around the second
cone at the next beep. The beeps were gradu-
ally getting faster and faster. Initially speed was
0.5m/s which increased by 0.17m/s each minute.
The pace were continue to increase until they
were not able to keep up with set pace, or until
they felt too breathless to continue.
After completion of the test, total number of dis-
tance covered by the subjects were measured
by total number of shuttles as outcome
measure and also  the distance were correlated
with Age, height, weight, BMI and peak VO2 for
incremental shuttle walk test.

METHODOLOGY

Fig. 1: Participants performing Incremental Shuttle Walk
Test.

Data Analysis: The statistical analysis was
performed using the statistical packages SPSS
16.0.  The normality of data distribution was
checked by the Shapiro-Wilk test. Data were
described as median (interquartile range 25%
to 75%).The outcome parameters were com-
pared with Wilcoxon test. Mann-Whitney U- test
was used for the comparison of the subjects’
characteristics between male and female
genders. The correlation coefficients were
calculated by spearman correlation. The model
of multiple linear regression were applied for
ISWT distance as dependent variable with other
data such as, demographic and anthropometric
data as independent variables since it presented
as normal distribution. The level of statistical
significance was considered as p < 0.05.

Table 1: Demographic representation of gender.

Gender Total

BOYS 90

GIRLS 90

AGE No. of subjects

8 20

9 20

10 20

11 20

12 20

13 20

14 20

15 20

16 20

Table 2:
Demographic

representation of
age.

Table 3: Mean  BMI and Distance covered (m) in Boys.

AGE Mean (BMI) MEAN(Distance)

8 17.91 194

9 17.725 284

10 18.01 261
11 21 330

12 19.825 469

13 20.421 567

14 20.41 586

15 21.93 657
16 19.146 718

Table 4: Mean  BMI and Distance covered (m) in Girls.

AGE Mean (BMI) MEAN(Distance)
8 17.725 186

9 17.696 259
10 18.01 300

11 21 346
12 19.827 514

13 20.427 539

14 19.827 592
15 19.146 600

16 21 650
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Table 5: Demographic representation between distance
and gender.

GENDER Boys Girls

MEAN 441 435

SD 181 172

r value p value r value p value
Age vs Distance 

covered
0.8354 <0.0001 0.808 <0.0001

Boys Girls

Table 6: Karl Pearson correlation between age and
distance covered in boys and girls.

Distance: Age and distance covered in boys and
girls shows a positive correlation with r values
of 0.8354and 0.808.And considered extremely
significant at p<0.0001 in boys and girls
respectively.
Graph 1: Age and distance covered between the age group
of 8-16 years in Boys and Girls.
BOYS.

 GIRLS

Results show that as the age increases, the
distance covered by both boys and girls
increased. Karl Pearson correlation was used to
correlate age with distance. So there is a
positive correlation between age and distance
covered in both boys and girls.

r value p value r value p value
Heightvs Distance 

covered
0.8475 <0.0001 0.8746 <0.0001

Boys Girls

Table 7: Karl Pearson correlation between Height and
distance covered in boys and girls.

The height and distance considered extremely
significant at p<0.0001 in boys and girls respec-
tively.
Graph 2: Height and distance covered between the age
group of 8-16 years in Boys.

Graph 3: Height and distance covered between the age
group of 8-16 years in Girls.

Table 8: Karl Pearson correlation between Weight and
distance covered in boys and girls.

Results show that among the same age group,
as the weight increases the distance covered is
decreased in boys and girls. Hence, there is
negative correlation between weight and
distance.

r value p value r value p value
Weight vs Distance 

covered
-0.139 0.527 -0.141 0.521

Boys Girls

Graph 4: Weight and distance covered between the age
group of 8-16 years in Boys.
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Graph 5: Weight and distance covered between the age
group of 8-16 years in Girls.

Results show that among the same age group,
as the weight increases the distance covered is
decreased in boys and girls. Karl Pearson
correlation was used to correlate weight with
distance. Weight correlated with distance within
the same age group shows negative correlation.
Weight correlated with distance between the
age group of 8-16 years in boys and girls shows
a negative correlation.
Table 9: Karl Pearson correlation between Body Mass
Index and Distance Covered in Boys.

r value p value r value p value
BMI vs Distance 

covered
-0.312 0.148 -0.069 0.756

GirlsBoys

Graph 6: BMI and distance covered between the age
group of 8-16 years in Boys.

Graph 7: BMI and distance covered  between the age
group of 8-16 years in Girls.

Results show that as the BMI increases the
distance covered by both boys and girls were
decreased. Karl Pearson correlation was used
to find out the correlation between BMI and
Incremental shuttle walk distance. BMI
correlated within the same age group showed a
negative correlation.

DISCUSSION

The study was intended to find out reference
values for incremental shuttle walk test in
healthy subjects aged 8-16 years and to find out
the correlation of age, height, weight and BMI
with incremental shuttle walk distance. As per
the statistical analysis, reference values for
incremental shuttle walk test was established
in healthy subjects aged 8-16 years in boys and
girls respectively of rural population.
In this study, boys were able to cover more dis-
tance compared to girls within the same age
group due to more muscle mass resulting in
higher levels of physical activity in boys when
compared to  girls. This increase in physical fit-
ness influences increase in incremental shuttle
walk distance. Another possibility is that boys
were significantly taller than girls which could
explain the gender difference in the distance
covered in incremental shuttle walk test.
This study showed that as the age increases,
the distance covered by both boys and girls
increased. Hence, there is a positive correlation
between age and distance covered in both boys
and girls strongly significant with p less than
0.001 with a r value for the age group of 8-16 of
0.8354 and 0.808 for boys and girls respectively.
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cardiorespiratory reserve.Increased fat mass is
associated with decreased exercise perfor-
mance in overweight children and adolescents
[16].
A larger waist circumference increases risk for
a given BMI category [13]. Waist circumference
reflects the role of abdominal visceral fat in
increasing subjects risk for disease. An increase
in waist circumference and BMI significantly
resulted in decline in walking distance in obese
subjects. Subjects, who had a higher mean BMI
walked significantly less, took significantly fewer
steps and ambulated at a lower speed.  A
subject with significantly lower fat mass walked
with faster walking speed. A decrease in BMI
was associated with increasing number of steps
and distance covered.

Hormonal changes such as increase in progest-
erone and testosterone is important factor for
physical fitness in girls and boys respectively.
Progesterone helps in increasing fatty deposi-
tion while testosterone increases muscle mass
[13]. As a result of puberty in boys and girls and
a better exercise tolerance as the age increases
the distance covered were increased.
Comparison of height and distance shows
directly proportional giving a positive correla-
tion between height and distance covered
extremely significant with p less than 0.01 with
a r value 0f 0.8475 & 0.8746 for boys and girls
respectively. The study done previously explains
with longer stride length and step length due to
increase height resulting in longer distance
walked in taller boys and girls as well as differ-
ence in endurance levels [14].
The results of this study showed with increased
in weight there is decreased in distance, hence
negative correlation between weight and
distance .The reason behind the negative
correlation between weight and distance is that
there is varying weights within same age group.
Subjects who were under category of Higher BMI
walked less distance due to the increase in body
fat because their bouts of walking were shorter.
Maffeis C et al studied the energy expenditure
of obese and nonobese children and adolescents
during walking and found that obese children
and adolescents had an increase in absolute
energy expenditure. The greater rate of energy
expenditure in children was attributable to
excess load from increased body weight.
Exercise intolerance of overweight subjects could
be attributed to increased energy demands as a
re-sult of the extra load from excess adiposity
[15].
When comparing BMI with incremental shuttle
walk distance, as the BMI increases the distance
covered is decreased. BMI correlated within the
same age group shows a negative correlation.
BMI correlated with distance between the age
group of 8-16 years shows a negative correla-
tion. The reason is applicable same as weight
correlated with distance.
Subjects who were overweight, moving their
lower limb significantly induced greater
absolute oxygen uptake and lead to consump-
tion of a significantly larger proportion of their

CONCLUSION

Based on the statistical outcome and available
literature, it is concluded that normative values
for incremental shutlle walk test in rural
children and young adolescents  aged 8-16 years
was established and age , height had a positive
correlation with incremental shuttle walk
distance while weight, BMI had a negative
correlation with incremental shuttle walk
distance.
Conflicts of interest: None
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