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(Abstract) Birth weight affects endurance capacity, muscle strength, and jump performance of school
age children. However, it is unknown in the case of preschool children. Furthermore, it is also unclear
whether birth weight affects the annual changes of physical fitness. This study aimed to clarify this sub-
ject by examining longitudinal data of over 2 years in preschool children. Physical fitness tests (five
events: sit-and-reach, grip strength [right and left hands], standing long jump, 25-m run, and tennis ball
throw) were conducted on 312 preschoolers (156 boys and girls each) aged 4 to 6 years, once a year for 2
years. Partial correlation analyses were conducted to examine the relationship between birth weight
and physical fitness scores. Birth weight was significant but weakly positively correlated with height,
weight, and sit-and-reach scores in the first and second measurements and the performance of standing
long jump in the first measurement and grip strength in the second measurement. However, the annual
changes in all fitness test items were not related to birth weight. The present study indicates that birth
weight is associated with sit-and-reach and standing long jump scores and grip strength, it does not af-

fect annual changes in physical fitness.

Introduction

Birth weight is an independent determinant of
children’s physical fitness. For example, birth
weight is positively correlated with grip strength
and negatively correlated with running ability in
children aged 7-10 years, even after adjusting for
age, height, BMI, and body fat percentage”. Birth
weight also positively affects endurance (20-m
shuttle run test) at age 12%. Furthermore, there is
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an indication that birth weight is also associated
with grip strength at age 9 and flexibility at age
6-7**. These studies are based on the Develop-
mental Origins of Health and Disease (DOHaD)”,
stating that environmental factors during preg-
nancy and early postnatal life affect disease risk
in later life, but they also indicate that birth
weight may be important for athletic perform-
ance during childhood and beyond. The average
birth weight in Japan has decreased by approxi-
mately 250g since 1960. In 2019, the proportion of
low birth weight babies (< 2,500g) was 9.4%. This
value is higher than 6.5% in Organisation for Eco-
nomic Co-operation and Development (OECD)
member countries, which indicates that Japan,
Greece, Portugal, and Colombia have the highest
proportion of low birth weight preschool children

Vol. 34 No. 1, 2026.



Association between birth weight and the amount of annual changes in physical fitness in preschool children

among OECD member countries®’. Another
OECD report showed that Papua New Guinea,
South Korea, Malaysia, Japan, and Brunei are the
only countries where the percentage of preschool
children with low birth weight has increased
since 2000 in Asia-Pacific”. Therefore, the current
decline of birth weight in Japan is distinctive
compared to other countries. Taking this into ac-
count with previous findings on the association
between birth weight and physical fitness in
school children, there is concern that the physical
fitness of Japanese children will continue to de-
cline or remain at a low level in the future.

Although the findings mentioned above were
reported among school-aged children, the associa-
tions may begin at younger ages. In addition,
even though early childhood is a period of signifi-
cant development, previous studies were based
on cross-sectional observations and provided lim-
ited information on how birth weight affects the
magnitude of longitudinal changes in physical fit-
ness during this life stage. Clarifying this subject
will help us to understand the influence of birth
weight on the profiles of physical development in
preschool children.

The present study aimed to elucidate how
birth weight is associated with the amount of
change in physical fitness of preschool children
by examining comprehensive data obtained from
longitudinal observations for two years.

Materials & Methods

1. Participants

This study performed a secondary analysis of
the data obtained by the “Active Child Program”
conducted in City A with a population of 400,000.
Data were provided by the Nursery Center Divi-
sion of City A in an anonymized form with an as-
signed ID. Between 2014 and 2018, City A invited
the parents of all preschool children attending 10
public preschools in the city to participate in the
“Active Child Program”, and obtained consent
from the children and their guardians to partici-
pate in the study. The participants of this study
were 365 children (179 boys and 186 girls) aged 4-
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6 years. Physical and fitness measurements were
conducted on all participants. In addition, another
measurement day was designated for partici-
pants who were absent on the measurement day
and those who could not to adhere to the pre-
scribed procedures during the physical fitness
tests. As a result, 312 children (156 boys and 156
girls) aged 4 to 6 years were included in the
analysis.

2. Materials

The birth weight was obtained from the
guardians of the Maternal and Child Health
Handbook. Morphological measurements (height,
weight, and BMI-SDS) and fitness tests were con-
ducted once a year for 2 years. Fitness tests con-
sisted of five items (sit-and-reach, grip strength,
standing long jump, 25-m run, and tennis ball
throw). These tests were administered in the
yard or indoors at each school. Before the meas-
urement of each item, the measurer demon-
strated to the subject. The measurers also ex-
plained the measurement methods to subject
with the nursery school teachers. The measurers
were trained in advance on the measurement
methods. In this study, the amount of annual
change in the measured variables was calculated
as the difference between the first- and second-
year measurements.

1) Sit-and-reach

Sit-and-reach was determined using a dedi-
cated measuring instrument (“7T-283" TOEI
LIGHT Inc., Japan). The participants assumed a
long-sitting posture and then bent forward slowly
without bending the knees while sliding the
measuring instruments straight forward as far as
possible. The sliding distance of the instrument
was measured to the nearest 0.1cm and recorded
as a sit-and-reach score. The test trials were per-
formed twice and the better score was recorded.

2) Grip strength

Grip strength was measured using a dyna-
mometer designed for pediatric patients (“13B3X
00118" Matsumiya Medical Precision Machinery
Co., Japan). The scores were measured to the
nearest of 0.1kg. The measurements were per-
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formed twice, alternately on the right and left
hands, and the better one on each side was re-
corded.

3) Standing long jump

Participants stepped on both feet simultane-
ously and jumped forward as far as possible. The
shortest distance between the landing and cross-
ing points in centimeters was measured to the
nearest 0.1cm. The participants performed the
jump task twice, and the better score was re-
corded.

4) 25-m run

The time required to run the distance of a 25-m
was measured by using a stopwatch (“TD-392"
TANITA Co., Japan). The duration of the 25-m
run test was measured to the nearest 0.1 seconds.

5) Tennis ball throw

Participants were asked to throw a tennis ball
with a diameter of 7cm and a weight of 58g as far
as possible. The throwing distance was recorded
at lem. Participants performed the throwing task
twice after the demonstration, and the better
score was adopted.

3. Statistical analysis

The normality of each data set was assessed
using the Shapiro-Wilk test, and descriptive data
are presented as mean = standard deviation (SD)
and median. The differences in the analyzed vari-
ables between boys and girls were examined us-
ing an unpaired t-test and Mann-Whitney U test.
The differences between the first and second
year was also examined using the paired t-test
and Wilcoxon signed rank test. Partial correlation
analysis was conducted to examine the relation-
ship between birth weight and the results of fit-
ness tests for each measurement year while con-
trolling for month age and sex. In case of the data
did not conform to a normal distribution, a Box-
Cox transformation was applied before analysis.
The magnitude of the observed correlation was
evaluated based on Cohen’s (1998) conventions,
which categorize effect sizes as follows: small (0.1
to <0.3), moderate (0.3 to <0.5), and large (=0.5).
As this study used secondary data from City A,
the effect size was calculated post hoc using G*
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Power, yielding an effect size of 0.16. Statistical
analyses were conducted using SPSS Statistics
ver.27 (IBM Corp., Armonk NY. USA). The statis-
tical significance level was set at 5%.

Results

1. Annual changes in morphological variables

and scores of fitness tests

Both boys and girls showed a significant in-
crease in height and weight between the first and
second measurements. There were no significant
differences between boys and girls in terms of
birth weight and months age, height, weight, or
BMI-SDS, which were determined in the first and
second measurements (Table 1).

The results of the physical fitness test showed
that the second measurement was significantly
better than the first measurement for grip
strength, standing long jump, 25-m run, and ten-
nis ball throw. There was no difference between
the first and second measurements of sit-and-
reach. The sit-and-reach test scores in both year
measurements were significantly higher in girls
than in boys. On the other hand, boys showed sig-
nificantly better performance than girls in the 25-
m run in the first-year measurement, grip
strength in the second-year measurement, and
standing long jump and tennis ball throw scores
in both years. Moreover, the amount of annual
change in grip strength (left) and tennis ball
throws was significantly higher in boys than in
girls (Table 2).

2. Relationship between birth weight and

physical measurements and fitness tests

Birth weight was weak positively correlated
with sit-and-reach scores on the first and second
measurements (r=0.18 and r=0.16, Table 3).
There were also weak positive correlations be-
tween birth weight and standing long jump in
the first measurement (r=0.11), and between
birth weight and grip strength in the second
measurement (r=0.12). However, the birth weight
did not significantly correlate with the annual
changes in any of the measured variables.

In the boys, a weak positive correlation was ob-
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Association between birth weight and the amount of annual changes in physical fitness in preschool children

Table 3 Correlation coefficients between birth weight and the results of fitness tests

First year Second year Amount of change2
Variables “];D’ellrég i Height  Weight “]?élrgtﬁ ¢ Height Weight “]?élrgtg ¢ Height Weight
Birth weight - - -
Height 0.18%** - 0.18%** - 0.03 -
Weight 0.28% * 0.69* * - 0.24%* 0.68* * - 0.05 0.35%*
Sit-and-reach 0.18%* 0.18%** 0.19%* 0.16** 0.07 0.10 -0.02 0.02 -0.07
Grip strength 0.10 0.39% * 0.39% * 0.12* 043%** (047** 0.05 0.04 0.09
Grip strength (right)  0.10 0.40* * 0.39* * 0.11 044** 046** 0.04 0.07 0.14*
Grip strength (left) 0.11 0.36* * 0.37** 0.13* 0.39%* (044** 0.01 0.03 0.02
Standing long jump 0.11%* 0.08 -0.04 0.07 0.21** 0.07 0.01 0.09 0.03
25meters run -0.08 -025*%* —=0.07 -0.16 =011 0.04 -003 -001 0.15
Tennisball throw 0.01 0.12* 0.10 0.10 0.21%* (0.17** 0.08 0.08 0.01

Control for the confounding of months age and sex

*: p<0.05
*#: p<0.01

a the difference between the first and second measurements.

Table 4 Correlation coefficients between birth weight and the results of fitness tests (Boys)

First year Second year Amount of changea
Variables V?g;ﬁ . Height Weight V?égﬁt Height Weight V]felirgtﬁt Height Weight
Birth weight - - -
Height 0.13 0.13 0.01 -
Weight 0.27%* 0.69%* * - 0.21 % * 0.66%* * - -0.03 0.37%* -
Sit-and-reach 0.19* 0.17*  0.23%* 0.16*  —0.01 0.03 =002 -001 =013
Grip strength 0.03 0.30%* (0.34%* 0.10 0.34%* (041%** 0.06 0.06 0.08
Grip strength (right)  0.05 0.31%* (.38%* 0.09 0.34%* (0.40%* 0.04 0.12 0.17*
Grip strength (left) 0.04 0.30%* (.32%* 0.11 0.31%* (.37%* 0.02 0.04 -0.03
Standing long jump 0.08 0.05 0.02 0.07 0.13 0.02 0.04 0.09 -0.03
25meters run -0.10 -0.12 0.04 -0.15 =011 0.04 -003 -003 0.15
Tennisball throw -0.03 0.04 0.04 0.08 0.08 0.08 0.10 0.05 0.03
Control for the confounding of months age
*: p<0.05
**: p<0.01
a the difference between the first and second measurements.
served between birth weight and sit-and-reach . )
Discussion

scores in the first and second years (r=0.19 and r
=0.16, Table 4). In the case of girls, birth weight
exhibited a weak positive correlation with sit-
and-reach (r=0.16), grip strength (r=0.20) and
standing long jump (r=0.16) in the first year (Ta-
ble 5). However, no significant correlations were
observed between birth weight and annual
changes in each discipline for either sex.

HARRR XK —VEFEEE  Vol. 34 No. 1, 2026.

This study is the first to examine how birth
weight is associated with longitudinal changes in
the physical fitness of preschool children. The
main findings obtained here were as follows: 1)
birth weight showed a significant positive rela-
tionship with sit-and-reach scores in both meas-
urements, standing long jump in the first meas-
urement and grip strength score in the second
measurement; and 2) the amount of annual
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Table 5 Correlation coefficients between birth weight and the results of fitness tests (Girls)

First year Second year Amount of change?
Variables WBelf;E ¢ Height  Weight “];D’elgg t Height Weight vaelfgtE ¢ Height Weight
Birth weight - - -
Height 0.24%** - 0.24** - 0.05 -
Weight 0.29%* * 0.68%* * - 0.29%* * 0.70** - 015 0.34**
Sit-and-reach 0.16* 0.18%* 0.15 0.15 0.14 0.18%* -0.02 005 0.00
Grip strength 0.20* 0.46%* * 0.45%* * 0.15 051** (.52%* 004 0.02 0.10
Grip strength (right)  0.17* 0.47%** 041 ** 0.14 0.52** (0.50%* 004 001 0.10
Grip strength (left) 0.20* 041 ** 0.43** 0.15 0.46** (0.50%* 0.00 0.03 0.08
Standing long jump 0.16* 0.10 -0.09 0.08 0.32** (.14 -0.03 0.09 0.10
25meters run -0.06 -0.39*%* -0.17 -0.17 -0.14 0.02 -0.03 0.00 0.15
Tennisball throw 0.07 0.23%* 0.18%* 0.12 0.33** (.25%* 005 014 -0.03
Control for the confounding of months age
*: p<0.05
**: p<0.01

a the difference between the first and second measurements.

change in each physical fitness score was not re-
lated to birth weight. These results indicate that
in preschool children aged 4 to 6 years, birth
weight associates with sit-and-reach and grip
strength scores, but it does not affect the magni-
tude of annual changes in physical fitness during
the preschool term. Although the number of
studies examining physical performance in pre-
school children is limited, the records of each test
in this study were similar to those in another
study for both sexes®.

Sit-and-reach scores in both the first and sec-
ond measurements, standing long jump in the
first measurement, and hand grip strength in the
second measurement were significantly corre-
lated with birth weight. To the best of our knowl-
edge, no study has clarified the relationship be-
tween sit-and-reach scores and birth weight in
preschool children. This is a novel point in de-
scribing preschool children fitness. The sit-and-
reach test is widely used as a simple method for
measuring hamstring and low back flexibility® .
Some studies have reported that sit-and-reach
scores increases with age in elementary school
students and above' ', Sit-and-reach scores are
also reported to be influenced by sitting height
and upper limb bone length™ . These findings
suggest that performance in the sit-and-reach

test may be affected by body growth. However,
these studies did not show how the sit-and-reach
score is associated with birth weight. In the pre-
sent study, there was no significant difference in
the sit-and-reach test performance between the
first and the second year. Also, birth weight is
significantly related to sit-and-reach scores even
after adjustment for age in months. This indi-
cates that birth weight may be independently as-
sociated with sit-and-reach scores.

In addition, birth weight influenced the stand-
ing long jump score in the first measurement. No
study has identified a relationship between birth
weight and jumping ability in preschool children.
One study, which examined elementary school
children, observed a significant relationship be-
tween birth weight and standing long jump in 7
year old boys", but others failed to show corre-
sponding association. The performance of the
standing long jump is a complex movement, con-
sisting of explosive muscular strength of the
lower limbs but also requires a swinging motion
of the arm and a well-timed step-off motion” "',
The current results indicate that in preschoolers,
the greater the birth weight, the greater the abil-
ity to accomplish such complex movements.

Furthermore, grip strength was also signifi-
cantly positively correlated with birth weight.

88 HARRR XK —VEFRES  Vol. 34 No. 1, 2026.
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However, left- and right-hand grip strengths
were more strongly correlated with current
height and weight than birth weight. These re-
sults suggest that grip strength may be more
strongly influenced by height and weight at the
time of measurement than birth weight.

The present study indicates that there is no
significant association between the annual
change in physical fitness during early childhood
and birth weight. The results of this study sug-
gest that children born with low birth weight
show lower performance in flexibility, grip
strength, and jumping ability from the early
childhood stage. It was also suggested that the
differences may not be reduced in the early child-
hood stage. The changes in flexibility, muscle
strength, and jumping ability observed in school
children are more dramatic than those seen in

177 Furthermore, the growth in

preschoolers
muscle strength, jumping ability, and general en-
durance from infancy to adulthood is more pro-
nounced between the ages of 9 and 13, and is re-

1) Therefore, it was suggested

lated to puberty
that higher levels of physical fitness during the
preschool years in preparation for significant
growth during adolescence may be beneficial for
future athletic ability and performance. Physical
fitness during preschool years is useful to predict
future individual growth and development in
clinical settings where preschool children are
taught. Furthermore, it is plausible to provide in-
dividualized sports guidance to promote sports
throughout life. As previously noted, the percent-
age of children with low birth weight in Japan is
increasing, which is an exceptional phenomenon
compared with other countries. In Japan, prena-
tal management, such as nutrients managing
birth weight during pregnancy, in addition to
postnatal training, is crucial for athletes to reach
their optimal performance.

This study has certain limitations. For sit-and-
reach, the method of measurement that differs
between countries. Further examination is
needed to clarify whether the present findings
can be adapted to other races. As previously

HARRRKX R —YEFSEE :

mentioned, performance in the sit-and-reach test
may be influenced by body size, and the subject’s
current body size should be considered. More-
over, given that the present study involved as-
sessments of preschool children, several limita-
tions should be acknowledged. First, although the
physical fitness tests employed were designed to
minimize measurement error, it was difficult to
accurately evaluate such error using intraclass
correlation coefficients (ICC). Second, the dura-
tion of measurement periods adopted in the pre-
sent study may have been too short to reveal the
longitudinal changes in the physical capabilities
of preschool children. Furthermore, as the data
used in this study were secondarily obtained
from City A, it was not possible to determine the
sample size in advance. Future research should
address these limitations in order to more accu-
rately elucidate the relationship between birth
weight and physical fitness in preschool children.
Another limitation of this study was that it did
not consider the amount of daily physical activity
and family structure, which are presumed to be
related to physical fitness. Previous studies have
found an association between birth weight and
physical activity, and that daily physical activity
is a component of physical ability'"*’. Neverthe-
less, our study revealed correlations between
birth weight, flexibility, grip strength and jump-
ing ability in infancy. These findings help us un-
derstand the profiles of physical development in
preschool children.

Conclusion

The current study indicated significant correla-
tions between birth weight and sit-and-reach,
grip strength performance in both sexes, and
standing long jump performance in girls. How-
ever, no annual changes in physical fitness were
found to be related to birth weight. In addition to
postnatal training, prenatal nutritional manage-
ment in Japan is crucial for athletes to reach their
optimal performance.
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