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SUMMARY

OBJECTIVE: The purpose of this study was to analyze the validity and provide normative values for the three-min shuttle run test in

Spanish preschoolers.

METHODS: A total of 497 children (mean age 4.83+0.57 years; 47.8% girls) performed the three-min shuttle run test. Posttest body
mass index and heart rate values were taken as internal validity indicators.

RESULTS: Age- and sex-specific percentiles for cardiorespiratory fitness were provided. Boys performed better than girls in the test. A

significant association was observed between the total distance covered and heart rate (p=0.002). No correlation was found between

body mass index and the test score, although the total distance covered by normal weight and obese children was significantly different

(296.9 versus. 271.3 m; p=0.013).

CONCLUSIONS: This study provides age- and sex-specific cardiorespiratory fitness normative values for the three-min shuttle run test

when performed by Spanish preschoolers. This test is an interesting option when the lack of resources limits the measurement of

cardiorespiratory fitness in the preschool setting.
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INTRODUCTION

Cardiorespiratory fitness (CRF) is the most important marker for
health and disease during childhood"2. Thus, it seems important
to track CRF during the early years and, consequently, include
its assessment in health and educational monitoring systems.

To accurately fulfill this aim, meaningful, reliable, and sen-
sitive outcome measures are required. In this regard, laborato-
ry-based direct measures of this physiological variable are consid-
ered the gold standard for this purpose. However, the accuracy
and utility of these tests for preschoolers have been questioned,
given the smaller body size relative to the testing equipment, the
reduced motivation, and the potentially shorter attention span’.

In this context, field-based tests represent a practical and

feasible option, due to their low cost and ease administration.

However, as field-based tests are indirect, they must show ade-
quate psychometric properties (i.e., reliability and validity)
before they can be used for gathering valuable data. There are a
reduced number of CRF field-based tests whose psychometric
properties have been identified when performed by preschool-
ers. In their thorough revision of health-related physical fitness
test for preschoolers, Ortega et al.* found five CRF tests whose
reliability had been previously informed. However, their validity
was unknown. To the authors” knowledge, up to date, the pre-
school-adapted 20-m shuttle-run test (from the PREFIT battery)
is the only CRF test whose validity (convergent) was identified by
comparing its results against the original 20-m shucttle run test'.

However, there are two important facts that should be taken

into account when administering this test to preschoolers.
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First, the utility for accurately identifying CRF through the
estimation of maximal oxygen consumption in these shut-
tle-run tests has recently been seriously questioned’. Second,
this test requires materials as well as human resources for its
development. An area of more than 20 m length and audio
system are required. Besides, it has been suggested that at
least two adults must accompany children while running for
an accurate performance®. These resource requirements and
practical implementation issues that seem to appear when this
test is carried out in the preschool setting negatively influ-
ence its scalability’.

Contrary to this background, the three-min shuttle run
test (BMSRT)?® stands out as an interesting alternative option,
since it requires minimal equipment, and it can be performed
by the children themselves. Previous study has confirmed that
this test is reliable in preschoolers®®’. In addition, the test has
shown a significant association with the original 20-m shut-
tle run test, and it has also been identified as a more feasible
option for assessing CRF in preschoolers?. In spite of the fact
that the 3MSRT is still considered by researchers working in
the field of preschoolers and health!, it is not as widely used
as the 20-m shuttle-run versions. This could be tied to the fact
that no study has provided evidence regarding its validity and
also to the lack of reference values that allow the categorization
of children according to CRF levels.

Under these circumstances, this study had a twofold objec-
tive. First, it was aimed at providing sex-and-age-reference
standards by gender and age for the 3MSRT when performed
by Spanish preschool children. Second, the aim was to inform

about its content validity when administered in this population.

METHODS

This study was performed using the data gathered by physical
education students from February 2014 to March 2019, while
doing their internship curriculum.

Participants
The participants were normal healthy Spanish urban chil-
dren who were recruited from 12 different kindergartens in
Northern Spain. Those who were between four and five years
old and who did not show any medical problem that could
affect the completion of the proposed measurement tests were
deemed eligible for the study. Parental permission and child
assent were obtained after stakeholders were informed that
they could decide whether or not to take part in the study,
what the objectives were, and the possible risks and benefits.
The protocol of this study was approved by the Local Ethics

Committee.
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Measurements
o Anthropometrics: The weight (kg) and height (cm) of
children were measured by means of a digital scale and
a portable statimeter. The body mass index (BMI) was
calculated dividing the body weight in kilograms by
the height in meters squared (kg/m?).
Cardiorespiratory Fitness: For the 3MSRT, two poles (1.5
m in height) were placed 10 m apart to form a straight
10-m long running track. Children had to run from one
side to the other, go around the pole, and then return to
the starting point. They were encouraged to run as fast
as possible and to stop as little as possible for three min.
A tape measure was placed between the poles, to register
the total distance covered, which is the test score.
Heart Rate: Heart rate (HR) was registered two min
before the test began (HR basal) and just after the test
was finished (peak HR) by means of a HR monitor (Polar
RS400, Kempele, Finland) connected via Bluetooth to
an iPad Air 2.

Procedure

All tests were carried out on groups of 10-12 children during the
psychomotricity sessions and daily break times in the kindergar-
tens’ facilities (gymnasium or school playground). Two evalua-
tion sessions were carried out on alternate days of the same week.
During the first session, BMI was measured, and the protocol of
the test was explained and performed by the evaluator. Several
trials were carried out by the children after observing the correct
execution, in order for them to familiarize with the test proto-
col. The second session was devoted to perform the 3MSRT.

All the measurements were performed in each of the kin-
dergarten, which were included in this study, by a preschool
teacher and a physical education student who were previously

trained in the performance of the test.

Statistical analysis
The data are expressed as meantstandard deviation for quan-
titative variables or as n (%) for qualitative variables. With the
SPSS program, we compared categorical variables with the chi-
square test and continuous variables with independent data
Student’s #-test or ANOVA (with Bonferroni correction for mul-
tiple comparisons), after assessing normality of the data using
the Kolmogorov—Smirnov test. To estimate percentiles of the
population results in the 3MSRT (stratified for age and sex),
we used a subgroup size weighting to account for heterogeneity
among subgroups of children from the different kindergartens
included in this study. Additionally, to study internal validity
of the 3MSRT, we used BMI and HR as the main comparison
variables. A two-sided p<0.05 indicated statistical significance.
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RESULTS

The final sample for this study included 497 children (mean
age 4.83%0.57 years; 47.8% girls). The anthropometric and
CRF values obtained by them (whole sample and separated
by sex and age) are shown in Table 1. The prevalence of
obesity and overweight reached around 30% values on the
analyzed sample.

Boys significantly outperformed gitls in the total distance
covered in the 3MSRT, regardless of age. CRF was significantly
higher in the five-year-old group in comparison with the four-
year-old children, regardless of sex.

Table 2 shows the specific sex and age reference values

according to 10th, 20th, 30th, 40th, 50¢h, 60th, 70th, 80th,

Table 1. General characteristics of the sample.

Boys (52.2%) Girls (47.8%)

and 90th percentiles. The total distance covered increased
with age both in boys and girls, but significant differences
(p<0.001) were only found between four and five years for
boys and between boys and girls of both four—five-year olds
(Figure 1).

A significant association was observed between the total
distance covered and the heart rate registered in the children
after finishing the test (p=0.002), as shown in Figure 2A. No
correlation was found between BMI and the CREF of children,
although a significant difference was observed when comparing
the total distance covered by normal weight and obese chil-
dren (296.9 m versus 271.3 m; p=0.013) as it can be observed
in Figure 2B.

Total sample Significant
(n=497) 4 years old 5 years old 4 years old 5yearsold | jifferences
(38.4%) (61.6%) (44.2%) (55.8%)
Weight (kg) 20.42 (3.26) 19.1 (2.84) 21.42 (3.09) 18.95 (2.64) 21.53(3.49) Age**
Height (cm) 111.12 (6.64) | 107.69 (4.79) | 113.86 (6.54) | 107.31(4.73) | 113.85 (6.64) Age**
BMI (kg/m?) 16.49 (1.70) 16.42 (1.72) 16.51 (1.71) 16.42 (1.55) 16.59 (1.9) -
BMI categories (IOTF)
Normal weight (%) 355 (71.4) 76 (80.9) 105 (69.5) 70 (70.7) 83 (66.4) -
Overweight (%) 112 (22.5) 12 (12.8) 38 (25.2) 23(23.2) 32 (25.6) -
Obese (%) 30 (6) 6 (6.4) 8 (5.3) 6 (6.1) 10 (8) -
. 289.38 287.41 306.14 278.67 281.99 Age** and
WEREEI MR | /g 7o) (43.97) (45.57) (35.70) (44.13) sex**
110.43 107.74 113.35 ox
Basal HR (bpm) (10.46) (11.36) (10.89) 105.92 (8.49) | 113.04 (8.99) Age
. 193.29 191.48 195.23 %
Maximum HR (bpm) (10.16) 192.95 (9.32) (10.71) (10.24) 194.24 (10.0) Sex

Values are mean (standard deviation) or n (%). 3MWT: 3-min shuttle run test; BMI: body mass index; BPM: beats per minute; HR: heart rate; IOTF:
international obesity task force. Differences by age and sex were analyzed with 2 test, Student's ttest, or ANOVA, as appropriate. *p<0.05; **p<0.001.

Table 2. Meters completed in the 3-min shuttle run test by sex and age-weighted percentiles.

Percentiles

Total sample 497 240 260 270 280 288 296 310 320 344
Boys
4 years old 94 230 255 270 280 285 296 310 320 340
5 years old 151 250 275 285 295 310 320 330 340 360
Girls
4 years old 99 230 255 268 270 275 285 295 304 320
5 years old 125 224 250 270 275 285 290 300 315 340
841
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*p<0.001 versus 5 years old; **p<0.001 versus girls. Bars represent
mean, and error bars represent standard error.

Figure 1. Meters completed in the three-min shuttle run
test by sex and age groups.

A)

B)

Figure 2. Distance covered in the three-min shuttle run
test (m) according to (A) maximum HR achieved (*p=0.002
between children with HR<189 and HR>197) and (B) IOTF
BMI categories (*p=0.013 between normal weight and obese
children). Differences analyzed with ANOVA with Bonferroni
correction. Bars represent mean, and error bars represent
standard error. HR: heart rate in beats per min; BMI: body
mass index; IOTF: International Obesity Task Force.
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DISCUSSION

This study aimed at establishing reference values for the 3MSRT,
as well at providing information regarding its content valid-
ity. Given the necessity to assess CRF in preschoolers, the data
showed in this study can be of interest for physical education
teachers and health practitioners.

Cardiorespiratory fitness reference values are necessary for
detecting and monitoring the health of preschoolers, as well as to
classify them based on their performance on field-based tests. In
addition, normative data can help to set the bases for carrying out
interventions aimed at developing the fitness level and the health
status of children from an early age. To the authors’ knowledge,
only two very recent studies have provided reference values for
CREF in preschoolers, as assessed by means of the adapted 20-m
shuttle-run test'*'2. Therefore, the present results add valuable
information to the existing scientific body of knowledge.

The findings showed in this study are in line with previ-
ous observations regarding the significant impact that age and
sex has on the preschoolers’ CRF!, which speak in favor of the
3MSRT discriminatory power.

We analyzed the relationship between the total distance
covered in the test and the HR registered after its performance,
as an indication of its content validity. The obtained results
showed the existence of a significant association between both
variables. In spite of the fact that this procedure for assessing
the content validity of a CRF field-based test has been used
in adult population®?, its accuracy could be criticized, on the
basis that HR response to a maximal effort differs between chil-
dren and adults. Nevertheless, when our statistical analysis was
designed, we followed previous observations suggesting that
those preschoolers with greater running ability would possess a
more efficient cardiac function'. Our findings are in line with
those obtained by Cadenas-Sdnchez et al.®, who after admin-
istering the adapted 20-m shuttle run test in preschoolers, it
was observed that the greater the distance covered, the higher
the HR. In this regard, we should acknowledge that peak HR
values obtained in this study were lower than those observed
in the original (4 bpm) and adapted versions (6-9 bpm) of
the 20-m shuttle run test"*. These differences, slightly higher
for the adapted version than for the original one, could be due
to adults running alongside the children, as suggested in the
modified 20-m shuttle run protocol. Nevertheless, the mean
HR peak values observed in our sample were much higher than
those found by Mimura et al." and Tuan et al.? in a sample of
preschoolers who performed a submaximal cardiorespiratory
laboratory test. These findings imply that the protocol of the
3MSRT demands maximal effort from the participant.

Body mass index has shown to significantly impact CRF in
preschoolers''¢. Therefore, as a secondary indication of content
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validity, we opted for analyzing the degree of association estab-
lished between BMI values and the 3MSRT score. Contrary to
what could be initially expected, no significant correlation was
observed between both variables. Although we found that those
children with lower BMI performed better in the test, the sig-
nificant differences in the total distance covered were only reg-
istered between normal weight and obese preschoolers. A possi-
ble explanation for these results relies on previous observations
suggesting that BMI might not be a good indicator of adiposity
in preschoolers and that fat free mass index (FFMI) should be
used instead?. In support of this assumption, Latorre-Romdn
et al.'” did not found any significant association between BMI
and CREF fitness in preschoolers, while several studies have con-
firmed that preschoolers with higher FFMI show greater CRF>'%.
Hence, the data on the accuracy of using BMI as an indicator
of CREF field-based tests’ content validity remain inconclusive.
There are some limitations that should be acknowledged.
First, our sample was made up of Spanish urban preschoolers,
which limits the generalization of the obtained findings. Second,

we used BMI values for identifying the content validity of the
test, instead of using FFMI, which seems a more accurate factor.
Finally, although the data was obtained by different research-
ers previously familiarized with the study procedure, it should
be acknowledged that inter-rater reliability was not assessed.

CONCLUSIONS

This research provides age- and sex-specific CRF normative
values for the 3MSRT when performed by Spanish preschool-
ers. The obtained findings indicate that this test becomes an
interesting option when the lack of resources limits the mea-
surement of CRF in the preschool setting.

AUTHORS' CONTRIBUTIONS

JCD: Conceptualization, Formal Analysis, Writing — original
draft. MASL:Writing — original draft. RIML: Data curation.
CA: Conceptualization, Writing — original draft.

REFERENCES

1. Mora-Gonzalez J, Cadenas-Sanchez C, Martinez-Tellez B,
Sanchez-Delgado G, Ruiz JR, Léger L, et al. Estimating VO, max
in children aged 5-6years through the preschool-adapted 20-m
shuttle-run test (PREFIT). Eur J Appl Physiol. 2017;117(11):2295-
307. https://doi.org/10.1007/s00421-017-3717-7

Ayén C, Cancela JM, Romero S, Alonso S. Reliability of two
field-based tests for measuring cardiorespiratory fitness in
preschool children. J Strength Cond Res. 2015;29(10):2874-
80. https://doi.org/10.1519/JSC.0000000000000934

Tuan SH, Su HT, Chen YJ, Chen CH, Tsai WJ, Chen GB,
et al. Ability of preschoolers to achieve maximal exercise
and its correlation with oxygen uptake efficiency slope K
an observational study by direct cardiopulmonary exercise
testing. Medicine (Baltimore). 2018;97(46):e13296. https:/
doi.org/10.1097/MD.0000000000013296

Ortega FB, Cadenas-Sanchez C, Sanchez-Delgado G, Mora-
Gonzalez J, Martinez-Téllez B, Artero EG, et al. Systematic
review and proposal of a field-based physical fitness-test
battery in preschool children: the PREFIT battery. Sports Med.
2015;45(4):533-55. https://doi.org/10.1007/s40279-014-
0281-8

Armstrong N, Welsman J. Youth cardiorespiratory fitness:
Evidence, myths and misconceptions. Bull World Health Organ.
2019;97(11):777-82. https://doi.org/10.2471/BLT.18.227546

Cadenas-Sanchez C, Alcantara-Moral F, Sdnchez-Delgado
G, Mora-Gonzélez J, Martinez-Téllez B, Herrador-Colmenero
M, et al. Assessment of cardiorespiratory fitness in preschool
children: adaptation of the 20 metres shuttle run test.
Nutr Hosp. 2014;30(6):1333-43. https://doi.org/10.3305/
nh.2014.30.6.7859

Domone S, Mann S, Sandercock G, Wade M, Beedie C. A
method by which to assess the scalability of field-based fitness
tests of cardiorespiratory fitness among schoolchildren. Sport

843

Med. 2016;46(12):1819-31. https://doi.org/10.1007/s40279-
016-0553-6

QOja L, Jurimée T. Assessment of motor ability of 4- and
5-year-old children. Am J Hum Biol. 1997;9(5):659-64.
https://doi.org/10.1002/(SICI1)1520-6300(1997)9:5<659::AID-
AJHB12>3.0.CO;2-L

Bénéfice E, Fouére T, Malina RM. Early nutritional history
and motor performance of Senegalese children, 4-6 years
of age. Ann Hum Biol. 1999;26(5):443-55. https://doi.
org/10.1080/030144699282561

Kobel S, Wartha O, Lammle C, Dreyhaupt J, Steinacker JM.
Intervention effects of a kindergarten-based health promotion
programme on obesity related behavioural outcomes and BMI
percentiles. Prev Med Reports. 2019;15:100931. https:/doi.
org/10.1016/j.pmedr.2019.100931

Cadenas-Sanchez C, Intemann T, Labayen |, Peinado AB,
Vidal-Conti J, Sanchis-Moysi J, et al. Physical fitness reference
standards for preschool children: the PREFIT project. J Sci
Med Sport. 2019;22(4):430-7. https://doi.org/10.1016/j.
jsams.2018.09.227

Godoy-Cumillaf A, Bruneau-Chavez J, Fuentes-Merino P,
Vasquez-Gémez J, Sanchez-Lopez M, Alvéarez-Bueno C,
et al. Reference values for fitness level and gross motor
skills of 4-6-year-old chilean children. Int J Environ Res
Public Health. 2020;17(3):797. https://doi.org/10.3390/
ijerph17030797

Plat MCJ, Frings-Dresen MHW, Sluiter JK. Reproducibility and
validity of the stair-climb test for fire fighters. Int Arch Occup
Environ Health. 2010;83(7):725-31. https://doi.org/10.1007/
s00420-010-0518-2

Mimura KI, Maeda K. Heart rate response to treadmill
exercise in children of ages 4-6 years. Ann Physiol Anthropol.
1989;8(3):143-50. https://doi.org/10.2114/ahs1983.8.143

10.

11.

12.

13.

14.

Rev Assoc Med Bras 2021;67(6):839-844


https://doi.org/10.1007/s00421-017-3717-7
https://doi.org/10.1519/JSC.0000000000000934
https://doi.org/10.1097/MD.0000000000013296
https://doi.org/10.1097/MD.0000000000013296
https://doi.org/10.1007/s40279-014-0281-8
https://doi.org/10.1007/s40279-014-0281-8
https://doi.org/10.2471/BLT.18.227546
https://doi.org/10.3305/nh.2014.30.6.7859
https://doi.org/10.3305/nh.2014.30.6.7859
https://doi.org/10.1007/s40279-016-0553-6
https://doi.org/10.1007/s40279-016-0553-6
https://doi.org/10.1002/(SICI)1520-6300(1997)9:5<659::AID-AJHB12>3.0.CO;2-L
https://doi.org/10.1002/(SICI)1520-6300(1997)9:5<659::AID-AJHB12>3.0.CO;2-L
https://doi.org/10.1080/030144699282561
https://doi.org/10.1080/030144699282561
https://doi.org/10.1016/j.pmedr.2019.100931
https://doi.org/10.1016/j.pmedr.2019.100931
https://doi.org/10.1016/j.jsams.2018.09.227
https://doi.org/10.1016/j.jsams.2018.09.227
https://doi.org/10.3390/ijerph﻿17030797
https://doi.org/10.3390/ijerph﻿17030797
https://doi.org/10.1007/s00420-010-0518-2
https://doi.org/10.1007/s00420-010-0518-2
https://doi.org/10.2114/ahs1983.8.143

3-minute shuttle run test in preeschoolers

15.

16.

Tuan SH, Li CH, Sun SF, Li MH, Liou IH, Weng TP, et al. Comparison
of cardiorespiratory fitness between preschool children with
normal and excess body adipose ~ An observational study.
PLoS One. 2019;14(10):e0223907. https://doi.org/10.1371/
journal.pone.0223907

Martinez-Tellez B, Sanchez-Delgado G, Cadenas-Sanchez C,
Mora-Gonzalez J, Martin-Matillas M, Lof M, et al. Health-
related physical fitness is associated with total and central
body fat in preschool children aged 3 to 5 years. Pediatr Obes.
2016;11(6):468-74. https://doi.org/10.1111/ijpo.12088

844

17.

18.

Latorre Roman PA, Moreno del Castillo R, Lucena Zurita M,
Salas Sanchez J, Garcia-Pinillos F, Mora Lopez D. Physical
fitness in preschool children: association with sex, age and
weight status. Child Care Health Dev. 2017;43(2):267-73.
https://doi.org/10.1111/cch.12404

Henriksson P, Cadenas-Sanchez C, Leppdnen MH, Delisle
Nystrém C, Ortega FB, Pomeroy J, et al. Associations of fat mass
and fat-free mass with physical fitness in 4-year-old children:
results from the MINISTOP trial. Nutrients. 2016;8(8):473.
https://doi.org/10.3390/nu8080473

Rev Assoc Med Bras 2021;67(6):839-844


https://doi.org/10.1371/journal.pone.0223907
https://doi.org/10.1371/journal.pone.0223907
https://doi.org/10.1111/ijpo.12088
https://doi.org/10.1111/cch.12404
https://doi.org/10.3390/nu8080473



