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W N e

Abstract: Physical fitness measures overall physical health. It is the ability of the body to work
effectively and stay healthy during leisure and emergencies. Given the progressive integration of 2-3-
year-olds into preschool, physical fitness testing of these children has become increasingly important.
We aimed to develop and test the reliability of an appropriate field test method for physical fitness in
2-3-year-olds children. One hundred and three children (44 boys and 59 girls) volunteered for this
study. Their height and weight were tested, and the same tester conducted the test twice for handgrip
strength, 3 m balance walking, stair climbing, 5 m run, and kicking a ball at one-minute intervals.
Pearson correlation coefficient and intraclass correlation coefficient (ICC) were used for reliability
testing. The reliability of this field test method for physical fitness was high in the repetitive tests of
Chinese 2-3-year-olds for the four items of handgrip strength, 3 m balance walking, stair climbing
and 5 m run, and the reliability was moderate for the kicking the ball item. This study indicates that
these field-based physical fitness test methods have good reliability and are simple, feasible, safe,
and easy to be accepted and understood by 2-3-year-old children; thus, it may be used as a reference
for professionals in China and abroad.

Keywords: physical fitness; physical activity; growth and development; fundamental motor skill;
preschool children

1. Introduction

Physical fitness refers to the ability of the body systems to work effectively in har-
mony to enjoy leisure time, stay healthy, and cope with emergencies. It comprises of two
components of physical fitness: health-related physical fitness and skill-related physical
fitness [1,2]. The basic requirements for being physically fit are the absence of illnesses,
a well-formed and well-developed body, good physiological development, good phys-
iological functioning of the body systems and the ability to be highly physically active.
Numerous studies have found that physical fitness has a strong relationship with psycho-
logical, cognitive, and academic performance [3-5], in addition to being associated with
a decreased prevalence of various non-communicable diseases (obesity, type 2 diabetes,
etc.) [6-10]. Meanwhile, in recent years, individuals have become less physically active
due to the changing nature of many jobs, more convenient transportation, and increased
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urbanization, which has led to an overall decline in physical health, especially among
children and adolescents [11,12].

The physical health of a country’s population is an important component of the overall
national power of the country. Preschool children are at a stage of rapid development,
which will have a significant impact on their lifelong well-being, physical development, and
psychological health [13,14]. Being in good physical condition is not only a prerequisite for
the healthy growth of children, but also a critical factor for talent selection and monitoring
of development in sports [15-17]. The preschool period is a critical period in the shaping of
a person’s physical fitness level and has a significant impact on the level of physical health
in adulthood; hence, focusing on the health of young children is beneficial in improving
the overall health of a country’s population. As such, a validated set of physical health
tests is particularly important for the day-to-day management of young children’s health.
Conducting laboratory tests with large samples is generally not feasible due to their high
cost in population-based fitness studies. Conducting field tests is the alternative that is
available at a relatively low cost [18].

Currently, a large number of field test methods for children and adolescents in China
and abroad (e.g., ALPHA [19], EUROFIT [20], FITNESSGRAM [21], PreFit [22,23] and the
fitness test battery by Latorre [24,25]), as well as the Chinese National Physical Fitness
Measurement (CNPFM-Pre) and the National Physical Fitness Test Program released by
the Chinese State General Administration of Sports in 2000 [26-28] have been proven to
be valid and are widely used. At age 2, children are beginning to develop various basic
motor skills [13,14] and have acquired a certain level of learning ability. Childcare is being
progressively integrated into preschool education in many countries. Although there are
internationally recognized assessment scales such as ASQ [29-31] that are used to assess the
motor development of children under 3 years of age, they require one-on-one assessment by
professionals such as physicians, which is a cumbersome and time-consuming procedure
that cannot be implemented in a preschool setting. Therefore, the development of a field test
method to evaluate the physical fitness of 2-3-year-olds is particularly important during
this time of rapid development in the childcare industry.

Based on this, our study developed a set of physical fitness methods for 2-3-year-old
children according to their growth and development characteristics. This study set out
to test the hypothesis that the field-based physical fitness test methods may have good
reliability in 2-3-year-old children, to provide a reference testing protocol for research and
practice in this field.

2. Materials and Methods
2.1. Study Design and Subjects

G-power 3.1 was used for prior analysis and the total sample size was estimated to
be 82. Based on the class-based block group entry and informed parental consent, a total
of 103 children (44 boys and 59 girls) aged 2-3 years from Chinese nursery schools were
enrolled in this study. Written informed consent forms were obtained by the parents or legal
guardians prior to the start of the tests to inform them of the study content and potential
risks. The study was approved by the Shanghai Nutritional Medicine Ethics Committee
(Approval No. 2021-08) on 24 May 2021.

2.2. Materials and Tests

According to the generally accepted classification of physical fitness components [1,2],
the test items were designed to cover both health-related and skill-related physical fitness
domains. As shown in the proposal of field-based physical fitness test for 2-3-year-old
(Figure 1), health-related physical fitness items include body composition (body mass index,
BMI) and handgrip strength, and skill-related physical fitness items include 3 m balance
walking (s), stair climbing (s), 5 m run (s), and kicking the ball (m).
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Figure 1. Proposal of Field-based physical fitness text for children aged 2-3 years old.

2.2.1. Body Composition

Both height and weight were measured while wearing no shoes with lightweight
clothing on. The height of a person reflects the level of longitudinal growth of the human
skeleton. The test was performed with the participant standing barefoot and in an upright
position on the base plate of the height meter (an upright torso and naturally drooping
upper limbs, heels together and toes about 60° apart), with the heels, sacrum and both
scapulae in contact with the post of the height meter, with head upright, both eyes looking
straight ahead, and the upper edge of the ear screen level with the lowest point of the
lower edge of the eye socket. The recorded measurements were in centimeters rounded
to one decimal place. The body weight of a person reflects the degree of development
and nutritional status of the body. The test was performed with the participant standing
naturally at the center of the scale, and the data were read after he/she stood firmly. The
recorded data were expressed in kilograms rounded to one decimal place. Body mass index
BMI (kg/m?) was calculated as the weight divided by the square of the height.

2.2.2. Handgrip Strength

The handgrip strength test primarily reflects upper limbs strength and is tested by the
handgrip strength meter device (TKK model 5001, Grip-A, Takei, Tokyo, Japan). During the
test, the device was positioned with the pointer pointing outward and adjusted according
to the size of the palm so that the second joint of the index finger was at a right angle before
taking the measurement. The body was kept upright with the feet separated naturally; the
grip meter was not touching the body or clothes as far as possible, the handgrip strength
meter should not swing back and forth when measurements are being taken, and the body
should be kept as still as possible during measurement. Measurements were taken in the
order of right first and then left, and each hand was measured twice, taking the best result
which was to be recorded in kilograms, and each child could have an attempt within the
2 min time limit, otherwise a missing score was recorded. Test result below 0.5 kg was
considered invalid and would need to be re-measured. If the test time is longer than 2 min,
a missing score was recorded. The point of teaching 2-3-year-old children is to let them
understand how to force their hands to grip the device. The nursery health teacher will let
them feel the sensation by gripping their arms and tell them that the tighter the grip, the
farther the needle on the device will run and the better it will be.
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2.2.3. 3-m Balance Walking

The 3 m balance walking mainly reflects the balance ability of young children, which
is tested through a 3.0 m-long and 0.2 m-wide walkway and a stopwatch. During the test,
the participant would stand with both feet together behind the starting line, and he/she
would walk in a straight line after hearing the “start” command. The tester would start
the stopwatch according to the participants” movement and stop it when they reached the
ending line. The recorded data were in seconds with two decimal places. Before the test
began, the children were told to walk through the 3 m like a one-way bridge, and to protect
themselves from falling into the river during the process. If there was a mistake in the
process, the child could try to walk again within one minute.

2.2.4. Stair Climbing

The stair climbing test mainly reflects the coordination ability. The test was conducted
using a five-step staircase with specifications of 68 x 27 x 12 cm per step. Before the
test, the participant would stand facing the stairs, and after hearing the “start” command,
he/she would climb upwards with both feet alternately without holding the handrail,
starting from the first step until both feet passed the fifth step. The time taken to climb
the steps was recorded, tested twice, taking the lower value, which was to be recorded in
seconds up to two decimal places. If there was a mistake in the process, it was possible to
test again within one minute.

2.2.5. 5-Meter Run

The 5 m run test primarily reflects the ability of speed. This test is conducted on
an outdoor playground, which requires a double track of one meter width and with 5 m
separation between the start and finish line, in addition to a 1 m buffer outside the finish
line. We put markers in the buffer zone and raced in pairs to motivate children to rush to
the finish line as fast as possible. During the test, the participants, in groups of two, would
stand in front of the starting line in a standing starting position. When the “run” command
was heard, they would start running to the end line with all their might. The tester would
start the timer according to the participants’ movement. When the participant’s chest
touched the vertical surface of the starting line, the tester would stop the timer. The
recorded data were in seconds with two decimal places.

2.2.6. Kicking the Ball

The kicking the ball test reflects the coordination and power of the lower limbs. The test
was conducted in a 15 x 5 m field, using a soccer ball with a circumference of 62-63.5 cm
and a weight of 320-340 g. During the test, the soccer ball was placed at the middle of the
starting line, and the participant stood next to the soccer ball, and a tester standing on the
far side signaled the child to kick the ball in the right direction. The participant kicked the
ball after hearing the “start” command; the vertical distance from the starting line within
the field where the ball stopped or went out of bounds was measured and tested twice,
taking the larger value, which was to be recorded in meters with two decimal places. The
maximum distance to be taken was 15.0 m. If the participant failed to hit the soccer ball or
made other mistakes, he/she could have multiple attempts within the 1 min time limit.

2.3. Procedure

The physical fitness tests were conducted after permission was obtained from the
nursery school and informed consent was obtained from the parents. Prior to the official
test, materials on the test procedure and physical fitness test methods were given to the
nursery health teachers, and the test site and related instruments were set up and prepared
one day in advance, as well as on-site training for the nursery health teachers by the
research team members.
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To ensure that each test met the requirements of being tested by the same person,
two researchers and one health teacher worked as a team, with one researcher specializing
in the measurement of scores, the other researcher arranging the test procedure, and the
nursery health teacher assisting in teaching the children the specific test methods. The test
process is shown in Figure 2; each child was tested in the order of indoor items (® height,
weight, @ handgrip strength, ® 3 m balance walking, and @ stair climbing), and outdoor
items (® 5 m run and ® kicking the ball), and the whole test process took about 20 min.
The same tester conducted the test twice for each item at one-minute intervals, and the
child was encouraged throughout the tests.

Outdoor 2 test items
(6 min)

1) Body composition 4) Stair cimbing 5 5-meterrun
test fest—w rest—» retest | test —» rest —» retest
2 min Imin  lmin  1min lmin  Imin lmin
a7
= ¥
/
i ; 3’ 3-meterbalance .
2 Handgrip strength walking 6 Kicking the ball
test — rest —» retest test » rest — retest \ test — rest —» retest
12min 1min 1-2min Imin lmin 1min \_Imin 1min Imin

Figure 2. Process of Field-based physical fitness text for children aged 2-3 years old.

2.4. Statistical Analysis

The results are expressed as means and standard deviations (SD), and the reliability
of the five tested items was tested using Pearson correlation coefficients with intraclass
correlation efficient (ICC) and IBM SPSS 26.0 for Windows (IBM Corp., Armonk, NY, USA)
with 95% confidence intervals (95% [CI]). ICC values less than 0.5, between 0.5 and 0.75,
between 0.75 and 0.9, and greater than 0.90 were considered to have poor, moderate, good,
and excellent relative reliability, respectively. Sample size calculations were conducted
by G-Power (version 3.1.9.7, University of Kiel, Kiel, Germany), using ¢ test (correlation:
point-biserial model) with an alpha value of 0.05 and power of 0.8. Comparisons between
age and gender were made using an independent samples ¢-test, with significance defined
as p <0.05.

3. Results
3.1. Characteristics of the Participants

The results of the children’s tests were compared according to sex and age, as shown
in Table 1. In terms of sex, there were 44 boys and 59 girls who were enrolled in the test,
and the results of each test showed no significant difference between sex (p > 0.05). In terms
of age, 3-year-olds significantly outperformed 2-year-olds in height, weight, 3 m balance
walking, 5 m run, stair climbing, and kicking the ball (p < 0.01); however, there was no
significant difference in handgrip strength.
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Table 1. Descriptive statistics of participants considering gender and age.

Boys (n=44) Gitls (n = 59) Si 2 Years (n =41) 3 Years (n = 62) Si Total (1 = 103)
Mean £ SD  Mean + SD '®*  Mean + SD Mean + SD & Mean + SD
Age (years) 296 £0.27 3.04 £0.26 ns 274 +0.14 3.18 £0.15 ** 3.01 £0.26
Weight (kg) 14.88 + 1.80 14.71 £1.67 ns 14.21 £1.54 1515+ 1.74 ** 14.78 £1.72
Height (cm) 96.67 &= 5.00 96.82 &= 4.15 ns 94.07 & 3.89 98.53 4= 4.00 ** 96.75 4= 4.51
Body mass index (kg/m?)  15.89 + 1.02 15.66 £ 1.04 ns 16.03 £ 1.10 15.57 £ 0.95 * 15.76 £1.03
Handgrip strength (kg) 3.25+1.30 294 +1.04 ns 2.84+1.24 322 +1.09 ns 3.07 £ 1.16
3 m balance walking (s) 3.03 £ 0.66 293 +£0.44 ns 3.24 £ 0.62 2.80 £ 041 ** 2.98 £ 0.54
Stair climbing (s) 2.87 £1.19 2.68 = 0.88 ns 320121 247 £0.76 ** 2.76 £1.02
5m run (s) 2.51 =049 2.46 £ 0.28 ns 2.60 =041 2.40 £ 0.35 ** 2.48 £+ 0.39
Kicking the ball (m) 10.55 + 2.60 10.25 £+ 2.49 ns 9.26 £2.36 11.11 £ 2.37 ** 10.37 £ 2.53
Significant differences (*: p < 0.05, **: p < 0.01) between age groups; SD: standard deviation; sig.: significance; ns:
no significance.
3.2. Reliability of Physical Fitness Test Items
Table 2 shows the repeated test results of the five physical fitness test items. The
ICC values were 0.857 (p < 0.001) for handgrip strength, 0.821 (p < 0.001) for 3 m balance
walking, 0.844 (p < 0.001) for 5 m run, and 0.791 (p < 0.001) for stair climbing, all of which
had good repeatability. The ICC value for kicking the ball was 0.672 (p < 0.001), which was
of average reproducibility.
Table 2. ICC of fitness test battery for children aged 2-3 years old.
Test (n = 103) Retest (n = 103) Pearson Icc 95% Confidence
Mean & SD Mean + SD Correlation Interval
Handgrip strength (kg) 2.80 £1.10 2.89 £1.12 0.859 0.857 0.795~0.901
3 m balance walking (s)  3.13 £ 0.61 3.10 £ 0.64 0.821 0.821 0.746~0.875
Stair climbing (s) 3.05£1.23 294 +£1.22 0.844 0.791 0.706~0.854
5m run (s) 2.58 =040 2.56 =041 0.793 0.844 0.779~0.892
Kicking the ball (m) 9.40 &+ 2.62 9.50 + 2.53 0.670 0.672 0.550~0.765

SD: standard deviation; ICC: intraclass correlation coefficients.

The correlation between the results of the two tests for the 103 participants is shown in
Table 2 and Figure 3, with the horizontal axis showing the results of the tests on the young
children and the vertical axis showing the results of the second test. Similar results can
be seen in the graphs, with strong correlations shown for handgrip strength, 3 m balance
walking, 5 m run, stair climbing, and kicking the ball, where Pearson correlation coefficients
were 0.859, 0.821, 0.793, 0.844, and 0.670, respectively (p < 0.01).

3.3. Correlations between the Physical Fitness Test Items

The better result of each item in both tests was taken for correlation analysis between
items, and the results are shown in Table 3. There was a weak correlation (p < 0.01) shown
for height with handgrip strength, 3 m balance walking, 5 m run and stair climbing, whereas
there was a very weak or no correlation shown for weight and BMI with other physical
qualities. There was a moderate correlation of handgrip strength, 5 m run and stair climbing
with each other (p < 0.01). There was also a moderate correlation between 3 m balance
walking, 5 m run and stair climbing (p < 0.01).
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Figure 3. Scatterplot of the test and retest Handgrip Strength (A), 3 m balance walking (B), Stair
climbing (C), 5 m run (D), Kicking the ball (E).

Table 3. Pearson correlation between the test items.

3m

. . Body Mass  Handgrip Stair Kicking
Weight Height Index Strength Balar.lce Climbing 5m Run the Ball
Walking

Weight 1 0.804 ** 0.576 ** 0.190 —0.194 % —0.041 -0.078 0.138
Height 1 —0.018 0.236 * —0.293 ** —-0.220 % -0.217 % 0.161
Body mass index 1 0.008 0.085 0.230* 0.170 0.013
Handgrip 1 —0341% 0484 —0.404* 0.211*
strength
3 m balance 1 0.551 ** 0576*  —0270*
walking
Stair climbing 1 0.586 ** —0.299 **
5mrun 1 —0.164
Kicking the ball 1

** Correlation is significant at the 0.01 level (2-tailed); * Correlation is significant at the 0.05 level (2-tailed).
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4. Discussion

In our study, the field test method for the physical fitness of 2-3-year-olds contained
five items: handgrip strength, 3 m balance walking, stair climbing, 5 m run, and kicking
a ball. Of which, the reliability was high in the repetitive tests of Chinese 2-3-year-olds
for the four items of handgrip strength, 3 m balance walking, stair climbing and 5 m run
(as shown in Table 2). Although the reliability was lower for the kicking the ball item, it
was still acceptable. This test protocol incorporates the conventional test items of height,
weight, and BMI to provide a more comprehensive quantitative assessment of physical
development, body composition, strength in the upper and lower limbs, speed, balance,
and coordination in young children aged 2 to 3 years.

Height and weight are important indicators for the evaluation of the physical mor-
phological development of young children. The World Health Organization has described
the growth standards of height and weight in children, and their adverse changes are
important risk factors for disease and even death in young children, and there also exist
hysteresis effects [32]. Therefore, it is necessary to monitor the degree of development of
height and weight in young children periodically. The results of this study showed that
the relationship between BMI and physical health in young children was not significant,
and this was confirmed by related research [22,25,33,34]. Although there is no evidence
that high body weight at ages between 2 and 7 years is associated with adolescent health, a
higher BMI in preschool may be associated with poor health later in life after more than a
decade [35]. Therefore, monitoring of BMI is also necessary.

Gross motor skills are defined as the level of proficiency in a range of basic motor skills
(e.g., kicking, walking, running), and improving gross motor skills will play an important
role in growth, development, and in life, providing a foundation for the development of
more specialized movements later in life [13,15]. With the development of basic motor
skills entering a critical period from the age of 2 years, four physical fitness test items in this
study are skill-related physical fitness. Of these, the 3 m balance walking mainly reflects the
balance and coordination of children, and good walking ability is important for children’s
perceptual learning, enhanced autonomy, and environmental exploration [36]. The 5 m run
mainly reflects children’s ability of speed. Stair climbing requires the sensory integration of
the eyes, hands, and feet and can be used to assess the hand—foot coordination in young
children. The kicking a ball test is a good indication of a young child’s strength in the lower
limbs. The results of this study showed that there are moderate correlations between the
performance of 3 m balance walking, 5 m run and stair climbing, which may be related to
the fact that all three items require the ability of muscle strength, speed, and coordination.

Handgrip strength, a measure of physical fitness that is commonly used around the
world, can reflect information related to muscles, bones, or nerves. The handgrip strength
of young children can also reflect their level of fine motor skills to a certain extent [37]. The
results of this study showed that handgrip strength was significantly correlated with the
performance of 3 m balance walking, 5 m run and stair climbing (as shown in Table 3),
meaning it is possible that children’s physical performance of the upper limbs may have
some relationship with their performance of the lower limbs. While there was no natural
increase in the results presented in this study in terms of age, significant differences in
performance were found compared to other studies of grip strength in 3-6-year-olds [22,23].
Considering that there could be differences in the comprehension ability of 2-3-year-
olds, there was randomness associated with the handgrip strength test and there was
a large standard deviation, which affected the results. None of the items in this set of
tests were significantly correlated with gender. There were significant differences between
children aged 2 and 3 years in 3 m balance walking, 5 m run, stair climbing, and kicking
the ball, with 3-year-olds performing significantly better than 2-year-olds. The above
characteristics of the absence of differences between genders and the presentation of age
differences are consistent with the results of physical fitness tests for young children aged
3-6 years [22-24,26].
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Retest reliability refers to the reproducibility of observed values when measurements
are made repeatedly in a stable group. A high correlation was observed in both tests of
handgrip strength (r = 0.859, p < 0.01), which showed similar reliability to studies related
to 3-6-year-olds [22,37]. High reliability was demonstrated for the 3 m balance walking,
5 m run and stair climbing, and all these three test items were easily understood and
accepted by young children and are also easy to perform. Although the retest reliability of
kicking the ball was average, this index was still clinically meaningful, and the children
also displayed some interest in this item when the test was conducted. Stair climbing and
kicking the ball are examinations of young children’s overall physical ability, and kicking
the ball requires a higher level of skill. The differences in test results might have been
attributable to factors such as weather and field materials.

There are some limitations to this study. Firstly, compared with other age groups,
comprehension, and mood changes in 2-3-year-olds may have an impact on repeat test
results. Secondly, the repeatability test in this study was executed in a well-established
nursery school in Shanghai, where the participants were from family backgrounds of a
higher income level and the premises and management of the nursery school were of
superior quality, which may affect the popularization of this physical fitness test method.
Thirdly, there are certain height and width requirements on the steps used in the stair-
climbing test; thus, as it is necessary to control the consistency of external conditions in the
promotion of use of the method, it is difficult to standardize the equipment.

5. Conclusions

Opverall, this study is the first to report the reliability of a field test method for physical
fitness applicable to 2-3-year-olds. The reliability of this field physical test method was
high in the repetitive tests of Chinese 2-3-year-olds for the four items of handgrip strength,
3 m balance walking, stair climbing and 5 m run, and the reliability was moderate for the
kicking the ball item. Moreover, this test method is simple, feasible, safe, and easy to be
accepted and understood by 2-3 years old children; thus, it may be used as a reference for
professionals in China and abroad.

Author Contributions: D.L., ].W. and D.K. conceptualized the study idea and methodological ap-
proach; formal analysis, D.K., D.W. and X.W.; investigation, H.H., X.H., D.L., D.K,, D.W., J.S. and
H.L.; data curation, D.K., D.W,, H-H. and X.H.; writing—original draft preparation, D.K. and D.W.;
writing—review and editing, G.H. and J.W. All authors have read and agreed to the published version
of the manuscript.

Funding: This research was funded by Exercise game intervention to improve the physical fitness of
children aged 2-3 years PROJECT, grant number SGF201362.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Shanghai Nutritional Medicine Ethics Committee (Approval No.
2021-08) on 24 May 2021.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding authors.

Acknowledgments: The authors would like to thank all the children and parents who participated
in the study. Special thanks go out to kindergartens that participated in this study.

Conflicts of Interest: Jun Sasaki and Hezhong Liu are employees of Kao (China) Research & Devel-
opment Center Co., Ltd. The other authors declare no conflict of interest. The funder/employers had
no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing
of the manuscript, or in the decision to publish the results.



Int. |. Environ. Res. Public Health 2022, 19, 7522 10 of 11

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Corbin, C.B.; Welk, G.J.; Corbin, W.R.; Welk, K. Concepts of Physical Fitness: Active Lifestyles for Wellness; McGraw-Hill: New York,
NY, USA, 2008.

Wolters, K. ACSM’s Health-Related Physical Fitness Assessment Manual, 5th ed.; American College of Sports Medicine: Indianapolis,
IN, USA, 2018; pp. 2-5.

Donnelly, J.E.; Hillman, C.H.; Castelli, D.; Etnier, J.L.; Lee, S.; Tomporowski, P.; Lambourne, K.; Szabo-Reed, A.N. Physical
Activity, Fitness, Cognitive Function, and Academic Achievement in Children: A Systematic Review. Med. Sci. Sports Exerc. 2016,
48, 1197-1222. [CrossRef] [PubMed]

Raine, L.B.; Lee, H.K.; Saliba, B.].; Chaddock-Heyman, L.; Hillman, C.; Kramer, A. The Influence of Childhood Aerobic Fitness on
Learning and Memory. PLoS ONE 2013, 8, €72666. [CrossRef]

Hillman, C.H.; Buck, S.M.; Themanson, ].R.; Pontifex, M.B.; Castelli, D.M. Aerobic fitness and cognitive development: Event-
related brain potential and task performance indices of executive control in preadolescent children. Dev. Psychol. 2009, 45, 114-129.
[CrossRef] [PubMed]

Warburton, D.E.R.; Nicol, C.W.; Bredin, S.S.D. Health benefits of physical activity: The evidence. Can. Med. Assoc. ]. 2006, 174,
801-809. [CrossRef]

Myers, J.; Kokkinos, P.; Nyelin, E. Physical Activity, Cardiorespiratory Fitness, and the Metabolic Syndrome. Nutrients 2019, 11,
1652. [CrossRef]

Zhao, T,; Le, S.; Freitag, N.; Schumann, M.; Wang, X.; Cheng, S. Effect of Chronic Exercise Training on Blood Lactate Metabolism
Among Patients with Type 2 Diabetes Mellitus: A Systematic Review and Meta-Analysis. Front. Physiol. 2021, 12, 652023.
[CrossRef]

Ji, M,; Tang, A.; Zhang, Y.; Zou, ].; Zhou, G.; Deng, J.; Yang, L.; Li, M.; Chen, J.; Qin, H.; et al. The Relationship between Obesity,
Sleep and Physical Activity in Chinese Preschool Children. Int. ]. Environ. Res. Public Health 2018, 15, 527. [CrossRef]

Tam, C.S.; Ravussin, E. Energy balance: An overview with emphasis on children. Pediatr. Blood Cancer 2012, 58, 154-158.
[CrossRef]

Bassett, D.R.; John, D.; Conger, S.A.; Fitzhugh, E.C.; Coe, D.P. Trends in Physical Activity and Sedentary Behaviors of United
States Youth. J. Phys. Act. Health 2015, 12, 1102-1111. [CrossRef]

Byrd-Bredbenner, C.; Martin-Biggers, ].; Povis, G.A.; Worobey, J.; Hongu, N.; Quick, V. Promoting healthy home environments
and lifestyles in families with preschool children: HomeStyles, a randomized controlled trial. Contemp. Clin. Trials 2018, 64,
139-151. [CrossRef]

Hadders-Algra, M. Early human motor development: From variation to the ability to vary and adapt. Neurosci. Biobehav. Rev.
2018, 90, 411-427. [CrossRef]

Phillips, D.A.; Lowenstein, A.E. Early care, education, and child development. Annu. Rev. Psychol. 2011, 62, 483-500. [CrossRef]
Pahkala, K.; Hernelahti, M.; Heinonen, O.].; Raittinen, P.; Hakanen, M.; Lagstrom, H.; Viikari, ].S.; Rénnemaa, T.; Raitakari, O.T,;
Simell, O. Body mass index, fitness and physical activity from childhood through adolescence. Br. J. Sports Med. 2013, 47, 71-77.
[CrossRef]

Jenni, O.G.; Chaouch, A.; Caflisch, J.; Rousson, V. Infant motor milestones: Poor predictive value for outcome of healthy children.
Acta Paediatr. 2013, 102, e181-4. [CrossRef]

Messerli-Biirgy, N.; Kakebeeke, T.H.; Meyer, A.H.; Arhab, A.; Zysset, A.E; Stiilb, K.; Leeger-Aschmann, C.S.; Schmutz, E.A;
Kriemler, S.; Puder, ].].; et al. Walking onset: A poor predictor for motor and cognitive skills in healthy preschool children. BMC
Pediatr. 2021, 21, 367. [CrossRef]

Committee on Fitness Measures and Health Outcomes in Youth; Food and Nutrition Board; Institute of Medicine. Fitness Measures
and Health Outcomes in Youth; Pillsbury, L., Oria, M., Pate, R., Eds.; National Academies Press: Washington, DC, USA, 2013.
Ruiz, ].R.; Castro-Pifiero, ].; Espafia-Romero, V.; Artero, E.G.; Ortega, EB.; Cuenca, M.M.; Jimenez-Pavén, D.; Chillén, P; Girela-
Rejon, M.].; Mora, J.; et al. Field-based fitness assessment in young people: The ALPHA health-related fitness test battery for
children and adolescents. Br. |. Sports Med. 2011, 45, 518-524. [CrossRef]

Council of Europe Publishing and Documentation Service Eurofit. Handbook for the EUROFIT Tests of Physical Fitness: Sports
Division 299 Strasbourg; Council of Europe Publishing and Documentation Service: Strasbourg, France, 1993.

Meredith, M.D.; Welk, G.; The Cooper Institute. Fitnessgram and Activitygram Test Administration Manual-Updated, 4th ed.; Human
Kinetics: Champaign, IL, USA, 2010.

Cadenas-Sanchez, C.; Tellez, B.M.; Sanchez-Delgado, G.; Mora-Gonzalez, J.; Castro-Pifiero, J.; L6f, M.; Ruiz, J.R.; Ortega, F.B.
Assessing physical fitness in preschool children: Feasibility, reliability and practical recommendations for the PREFIT battery. J.
Sci. Med. Sport 2016, 19, 910-915. [CrossRef]

Cadenas-Sanchez, C.; Intemann, T.; Labayen, I.; Peinado, A.B.; Vidal-Conti, J.; Sanchis-Moysi, ].; Moliner-Urdiales, D.; Perez,
M.AR,; Garcia-Prieto, ].C.; Santos, ].D.R.E; et al. Physical fitness reference standards for preschool children: The PREFIT project.
J. Sci. Med. Sport 2019, 22, 430-437. [CrossRef]

Latorre Roman, P.; Mora Lopez, D.; Fernandez Sanchez, M.; Salas Sanchez, J.; Moriana Coronas, F.; Garcia-Pinillos, F. Test-retest
reliability of a field-based physical fitness assessment for children aged 3—6 years. Nutr. Hosp. 2015, 32, 1683-1688.
Latorre-Roman, P.A.; Mora-Lépez, D.; Garcia-Pinillos, F. Effects of a physical activity programme in the school setting on physical
fitness in preschool children. Child Care Health Dev. 2018, 44, 427-432. [CrossRef]


http://doi.org/10.1249/MSS.0000000000000901
http://www.ncbi.nlm.nih.gov/pubmed/27182986
http://doi.org/10.1371/journal.pone.0072666
http://doi.org/10.1037/a0014437
http://www.ncbi.nlm.nih.gov/pubmed/19209995
http://doi.org/10.1503/cmaj.051351
http://doi.org/10.3390/nu11071652
http://doi.org/10.3389/fphys.2021.652023
http://doi.org/10.3390/ijerph15030527
http://doi.org/10.1002/pbc.23375
http://doi.org/10.1123/jpah.2014-0050
http://doi.org/10.1016/j.cct.2017.10.012
http://doi.org/10.1016/j.neubiorev.2018.05.009
http://doi.org/10.1146/annurev.psych.031809.130707
http://doi.org/10.1136/bjsports-2011-090704
http://doi.org/10.1111/apa.12129
http://doi.org/10.1186/s12887-021-02828-4
http://doi.org/10.1136/bjsm.2010.075341
http://doi.org/10.1016/j.jsams.2016.02.003
http://doi.org/10.1016/j.jsams.2018.09.227
http://doi.org/10.1111/cch.12550

Int. |. Environ. Res. Public Health 2022, 19, 7522 11 of 11

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Fang, H.; Ho, LM.K. Intraday reliability, sensitivity, and minimum detectable change of national physical fitness measurement for
preschool children in China. PLoS ONE 2020, 15, €0242369. [CrossRef]

Fang, H.; Quan, M.; Zhou, T.; Sun, S.; Zhang, J.; Zhang, H.; Cao, Z.; Zhao, G.; Wang, R.; Chen, P. Relationship between Physical
Activity and Physical Fitness in Preschool Children: A Cross-Sectional Study. BioMed Res. Int. 2017, 2017, 9314026. [CrossRef]
Amado-Pacheco, ].C.; Prieto-Benavides, D.H.; Correa-Bautista, ].E.; Garcia-Hermoso, A.; Agostinis-Sobrinho, C.; Alonso-Martinez,
AM.; Izquierdo, M.; Ramirez-Vélez, R. Feasibility and Reliability of Physical Fitness Tests among Colombian Preschool Children.
Int. ]. Environ. Res. Public Health 2019, 16, 3069. [CrossRef]

Radecki, L.; Sand-Loud, N.; O’Connor, K.G.; Sharp, S.; Olson, L.M. Trends in the Use of Standardized Tools for Developmental
Screening in Early Childhood: 2002-2009. Pediatrics 2011, 128, 14-19. [CrossRef]

Council on Children with Disabilities; Section on Developmental Behavioral Pediatrics; Bright Futures Steering Committee;
Medical Home Initiatives for Children with Special Needs Project Advisory Committee. Identifying infants and young children
with developmental disorders in the medical home: An algorithm for developmental surveillance and screening. Pediatrics 2006,
118, 405-420. [CrossRef]

Sheldrick, R.C.; Marakovitz, S.; Garfinkel, D.; Carter, A.S.; Perrin, E.C. Comparative Accuracy of Developmental Screening
Questionnaires. JAMA Pediatr. 2020, 174, 366-374. [CrossRef]

WHO Multicentre Growth Reference Study Group; de Onis, M. WHO Child Growth Standards based on length/height, weight
and age. Acta Paediatr. 2006, 95, 76-85.

Latorre Roman, P.; Moreno Del Castillo, R.; Lucena Zurita, M.; Salas Sanchez, J.; Garcia-Pinillos, F.; Mora Lépez, D. Physical
fitness in preschool children: Association with sex, age and weight status. Child Care Health Dev. 2017, 43, 267-273. [CrossRef]
[PubMed]

Henriksson, P.; Cadenas-Sanchez, C.; Leppédnen, M.H.; Nystrom, C.D.; Ortega, EB.; Pomeroy, J.; Ruiz, J.R.; Lof, M. Associations of
Fat Mass and Fat-Free Mass with Physical Fitness in 4-Year-Old Children: Results from the MINISTOP Trial. Nutrients 2016, 8,
473. [CrossRef] [PubMed]

Lubans, D.R.; Morgan, PJ.; Cliff, D.P; Barnett, L.M.; Okely, A.D. Fundamental movement skills in children and adolescents:
Review of associated health benefits. Sports Med. 2010, 40, 1019-1035. [CrossRef] [PubMed]

Marrus, N.; Eggebrecht, A.T.; Todorov, A.; Elison, J.T.; Wolff, ].].; Cole, L.; Gao, W.; Pandey, J.; Shen, M.D.; Swanson, M.; et al.
Walking, Gross Motor Development, and Brain Functional Connectivity in Infants and Toddlers. Cereb. Cortex 2018, 28, 750-763.
[CrossRef]

Sanchez-Delgado, G.; Cadenas-Sanchez, C.; Mora-Gonzalez, J.; Martinez-Tellez, B.; Chillon, P.; Lof, M.; Ortega, F.B.; Ruiz, ].R.
Assessment of handgrip strength in preschool children aged 3 to 5 years. |. Hand Surg. Eur. Vol. 2015, 40, 966-972. [CrossRef]
[PubMed]


http://doi.org/10.1371/journal.pone.0242369
http://doi.org/10.1155/2017/9314026
http://doi.org/10.3390/ijerph16173069
http://doi.org/10.1542/peds.2010-2180
http://doi.org/10.1542/peds.2006-1231
http://doi.org/10.1001/jamapediatrics.2019.6000
http://doi.org/10.1111/cch.12404
http://www.ncbi.nlm.nih.gov/pubmed/27666424
http://doi.org/10.3390/nu8080473
http://www.ncbi.nlm.nih.gov/pubmed/27483320
http://doi.org/10.2165/11536850-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/21058749
http://doi.org/10.1093/cercor/bhx313
http://doi.org/10.1177/1753193415592328
http://www.ncbi.nlm.nih.gov/pubmed/26141024

	Introduction 
	Materials and Methods 
	Study Design and Subjects 
	Materials and Tests 
	Body Composition 
	Handgrip Strength 
	3-m Balance Walking 
	Stair Climbing 
	5-Meter Run 
	Kicking the Ball 

	Procedure 
	Statistical Analysis 

	Results 
	Characteristics of the Participants 
	Reliability of Physical Fitness Test Items 
	Correlations between the Physical Fitness Test Items 

	Discussion 
	Conclusions 
	References

