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SHORT COMMUNICATION

Tracking handgrip strength in Kindergarteners and
nursery school children
Akemi Abe, Jeremy P. Loenneke, Scott J Dankel, Takashi Abe

Handgrip strength (HGS) assesses a child’s muscular strength and is also a biomarker of future health. To achieve high HGS
by adulthood, observing changes in children’s HGS during their development is helpful. However, few studies have yet

tracked changes in HGS in young children.

Objectives: This study aimed to track the HGS of young children and clarify how children’s HGS changes over time.

Design: Follow-up study

Methods: Ninety-one young children (48 boys and 43 girls) aged 3.5 to 4.5 years participated in an initial HGS measurement
and repeated measurements 1 and 2 years later. Tracking of HGS was assessed using Spearman correlation coefficients (r)

and Foulkes and Davies’ tracking index (y).

Results: The Spearman coefficient (r) of HGS for the first year, from 4 to 5 years of age, was low to moderate (range 0.38-
0.59) in boys and girls. However, it was high (range 0.74-0.84) for the second year compared with the first year, from 5 to
6 years of age. The tracking index (y) ranged from 0.55 to 0.56 for boys and 0.60 to 0.62 for girls (right, left, and average

both hands).

Conclusion: HGS tracking outcomes for young children were low to moderate based on the two assessments used in this
study. Our results indicate that environmental factors, including physical, mental, and cognitive development, may influ-
ence changes in HGS in children at this age. However, the target levels at each age required to achieve high HGS by adult-
hood are still being determined, and further follow-up studies are needed.
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INTRODUCTION

Available evidence supports that maintaining a higher
handgrip strength (HGS) is desirable throughout life.! HGS
increases dramatically during growth and development??, but
genetic and non-genetic factors influence this change*® and
likely contribute toward individual differences®*. HGS is
more than just an indicator for evaluating muscular strength
in children and adolescents. Low HGS in adolescence may be
associated with a higher risk of suicide in young adults® and
prediabetes or type-2 diabetes rates in middle-aged adults’.
Furthermore, low HGS in middle-aged and older adults may
be associated with higher morbidity and premature mortali-
ty.3? Given that improvements in HGS are limited in middle-
aged adults'®!!, developmental periods may be important for
achieving higher HGS™.

In cross-sectional studies, HGS is measured each school
year, and the results are evaluated. However, there is a differ-
ence of about one year between early and late-born children
in each school year, and the impact of this age difference may
only be considered in some cases. Meanwhile, tracking stud-

ies can help us understand how HGS changes with age by
continuously monitoring the developmental process of indi-
vidual HGS in children and adolescents. In particular, in
young children, maturity and the ability to receive guidance
improve as they grow, which may affect the measurement of
HGS.? A study® tracked two physical fitness components
(aerobic fitness and grip strength) measured annually over 5
years from late childhood (about 10 years old) through adoles-
cence (about 14 years old). They reported that HGS over 5
years showed moderate to high relationships in boys and girls.
Another study'* measured children’s physical fitness, includ-
ing HGS, in schoolchildren (ages 8, 10, 12, and 14 at baseline)
twice, with each measurement separated by two years. The
authors reported good tracking of HGS over the 2-year peri-
od. The results from the above studies suggest that HGS is
stable through late childhood and adolescence and that ado-
lescents with low HGS tend to remain low. To our knowledge,
however, studies have yet to track changes in HGS in young
children. Therefore, this study aimed to track HGS of kinder-
garten and nursery school children and clarify how children’s
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HGS changes over time.

METHODS

Participants

One hundred twenty-four children (65 boys and 59 girls)
from local kindergarten and nursery schools participated in
this study. The inclusion criteria were children between 3.5
and 4.5 years of age at the start of the study and were free of
injury for strength testing. Written informed consent was
obtained from the parents of each child before the initial mea-
surements. All data collection occurred at the facilities they
attended in the morning between 9:00 and 11:00 am. All par-
ticipants completed the first measurement and had their sec-
ond and third measurements one year and two years after the
first measurement. Twenty-two participants (13 after one year
and nine after two years) were transferred to other facilities
due to their parents’ jobs. Eleven participants could not take
the second and third measurements due to injury or illness.
Therefore, the final sample included for analysis consisted of
91 children (48 boys and 43 girls) (Table 1). A few partici-
pants (one boy and two girls) used their left hands to eat and
write. This study received approval from the University’s
Institutional Review Board (application no SG #2021-2-2).

HGS measurements

Maximal voluntary HGS was measured using a Smedley
handgrip dynamometer (Grip-A, Takei Kiki Kogyo Co. Ltd.,
Niigata, Japan) in the standing position.!” The distance of the
dynamometer grip bars (grip span) was set each measurement
year for the children’s hand size (30% of hand length: the lin-
ear distance between the distal wrist crease and the tip of the
middle finger). Children were allowed to perform two maxi-
mal trials with a one-minute break for the right and left hands
(alternating right and left). The measurer instructed the chil-
dren to exert all their strength. The research team gave verbal
encouragement during handgrip strength measures. The high-
est value in each hand and the average value of both hands
were used for data analysis.

Before the HGS measurements, standing height and body
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mass were measured using a calibrated digital height and
weight scale (DST-210S, Muratec KDS Corp, Kyoto, Japan) to
the closest 0.1 cm and 0.1 kg. Body mass index was calculated
as the body mass divided by height square (in kilograms per
square meter).

Statistical analysis

Participant physical characteristics variables were reported
as mean =+ standard deviations. Two methods were used to
examine the tracking of HGS over time. First, because
Spearman rank correlation coefficients have been used in
tracking studies of physical fitness indicators'*!', they were
also calculated in this study to estimate the predictive power
between first-year and second-year outcomes and between
second-year and third-year outcomes. Second, the tracking
index (y) proposed by Foulkes and Davies was calculated as
reported in a previous study.'® This index varies between
0 <y <1 and details the percentage of individual data points
that do not intersect. No tracking is indicated to occur if
v <0.5, perfect tracking corresponds to y = 1, and values clos-
er to 1 indicate a higher degree of tracking.!®

In this study, the interpretation of correlation coefficients
was defined as follows: 0.00~0.25 indicated no correlation,
0.26~0.49 indicated low correlation, 0.50~0.69 indicated
moderate correlation, 0.70~0.89 indicated high correlation,
and 0.90~1.00 indicated very high correlation.

RESULTS

Table 1 shows the Spearman correlation coefficients. The
correlation coefficients of HGS for both boys and girls were
higher between the second and third years of measurement
than between the first and second years of measurement.
Furthermore, the coefficients were similar for the right hand,
left hand, and average of both hands.

The tracking index of the average HGS of the right and left
hands was 0.555 (95% CI: 0.510, 0.600) for boys, 0.625 (95%
CI: 0.576, 0.674) for girls, and 0.613 (95% CI: 0.586, 0.640)
for the overall sample. Similarly, the tracking index for HGS
of the right and left hands was 0.551 (95% CI: 0.504, 0.598)

Table 1. Three-year changes in anthropometric variables and handgrip strength in young children

Boys (n=48) Girls (n=43) Overall (n=91)
First Second Third First Second Third First Second Third
Age (yr) 4.0 (0.3) 5.0(0.3) 6.0 (0.3) 4.1(0.3) 5.1(0.3) 6.1(0.3) 4.1(0.3) 5.1(0.3) 6.0 (0.3)
Height (cm) 100.3 (4.1) 106.9 (4.3) 113.6(4.3) 99.5(5.3) 106.4 (5.5) 112.8(5.7) 99.9 (4.7) 106.6 (4.9) 113.3(5.0)
Body mass (kg) 159(1.5) 17.7(1.8) 19.8(2.4) 15.6(2.1) 1752.5) 19.5(3.3) 158(1.8) 17.6(2.2) 19.7(2.8)
Body mass index (kg/m2) 15.8(0.9) 155(1.0) 15.3(1.2) 15.7(1.2) 154(1.2) 15.2(1.5) 15.8(1.1) 154 (1.1) 153(1.3)
Handgrip strength right (kg) 7.1(1.9) 104 (1.4) 122(1.6) 6.2(2.1) 9.2(1.9) 10.7(1.8) 6.7 (2.1) 9.8(1.8) 11.5(1.8)
Handgrip strength left (kg) 6.5(1.7) 9.4(1.5) 11.0(1.7) 55(2.1) 8.3(1.9) 9.7 (1.7) 6.0 (2.0) 8.9(1.8) 10.4(1.8)
Handgrip strength, average (kg) 6.8 (1.7) 99(1.4) 11.6(1.5) 5.8(2.0) 8.7(1.8) 10.2(1.7) 6.4 (1.9) 9.4(1.7) 109 (1.7)

Correlation coefficient of handgrip strength (r value)
Right 0.38, Left 0.48, Average 0.44
Right 0.76, Left 0.79, Average 0.81

First year vs. Second year

Second year vs. Third year

Right 0.59, Left 0.57, Average 0.59
Right 0.84, Left 0.74, Average 0.83

Right 0.49, Left 0.56, Average 0.55
Right 0.81, Left 0.77, Average 0.82

Results are expressed as mean and standard deviation
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and 0.560 (95% CI: 0.513, 0.607) in boys and 0.623 (95% CI:
0.574, 0.672) and 0.597 (95% CI: 0.548, 0.646) in girls,
respectively.

DISCUSSION

This study examined how children’s HGS was tracked for
two consecutive years before elementary school using two
different methods: Spearman correlation coefficients (r) and
Foulkes and Davies’ tracking index (y). We compared the
results with studies of school-age children and adoles-
cents'>'*17_ as there have yet to be tracking studies of HGS in
preschool children'®.

Previously, Janz et al.!3 reported the stability of HGS
assessment across the 5-year study period in American
schoolchildren who were 10 years old at baseline. The authors
found that the Spearman correlations ranged from 0.68 to
0.89, with no sex difference (61 boys and 57 girls). Da Silva et
al.'* reported that the correlation coefficient for HGS in
school girls aged 8, 10, and 12 was 0.734 (n=94), 0.872 (n=81),
and 0.872 (n=85) follow-up three years, respectively. Further,
Sasayama and Adachi'” also conducted a 3-year follow-up
study of HGS in Japanese elementary school children and
reported that the Spearman correlation coefficient was 0.52
for boys (n=48) and 0.68 for girls (n=43). The current study
tracked children’s HGS for two years before entering elemen-
tary school. The Spearman coefficient of HGS for the first
year, from 4 to 5 years of age, was low to moderate (range
0.38-0.59) in boys and girls. However, there were high corre-
lations (range 0.74-0.84) for the second year from 5 to 6 years
of age, similar to the interpretation of correlation coefficients
from the results of previous studies in schoolchildren and
adolescents'>!*!7, Future studies are needed to clarify the rea-
sons for the difference in correlation coefficients between the
first- and second-year changes.

Very few studies have been reported on tracking HGS
indexes in children. A three-year follow-up study of Brazilian
girls aged 8 to 14 reported tracking indexes of 0.713 at age 8§,
0.799 at age 10, 0.741 at age 12, and 0.522 at age 14.'* This
study’s tracking index ranged from 0.55 to 0.56 for boys and
0.60 to 0.62 for girls (right hand, left hand, and average hand).
Considering that a tracking index of 0.5 or less means no
tracking, the values in this study are interpreted as tending to
be low for both boys and girls. In addition, although it may
not be possible to statistically compare the values in this
study with those in previous studies, the values themselves
were low. These results suggest individual differences in
changes in HGS during this age group and that the rank
changes are high. This study does not know the factors that
cause this, but in general terms, it suggests that environmen-
tal factors such as physical, mental, and cognitive develop-
ment may influence changes in an individual child’s HGS.

If HGS does not maintain its ranking during the two years
before school entry, this suggests that even young children
with low levels of HGS may be able to acquire a higher rank-
ing (levels) of HGS by the time they enter school. Although
this study did not investigate the factors that lead young chil-
dren to achieve high rankings in HGS, a couple of lifestyle

factors may have had an impact. For example, the influence
of play inside and outside kindergartens and nurseries. We
previously investigated the impact of types of play on HGS
change in kindergarteners over one year but found no
between-group differences based on play type (fine move-
ment vs. gross motor movement).'” However, because the
tracking index tracks changes in each individual, it may show
different results than comparing HGS changes between
groups. Some children in our study enjoy playing with their
hands and upper bodies, such as climbing bars or horizontal
bars, and we speculate that they may experience more signifi-
cant increments in HGS than other children. Moreover, the
influence of nutrition on changes in children’s HGS has also
been noted.?® Future research needs to clarify the level of
HGS that should be achieved as a target for children at each
age.

CONCLUSION

The young children’s HGS obtained in the present study
had low to moderate tracking results based on the numerical
interpretation of correlation coefficients and tracking indexes.
These results suggest that environmental factors, including
physical, mental, and cognitive development, may influence
changes in HGS in individual children at this age. However,
the target levels at each age of young children required to
achieve high HGS by adulthood are still being determined,
and further follow-up studies are needed.
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