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Abstract: Background: Handgrip strength (HGS) is a predictor of health in both children and
adults. Evidence suggests that without a possible strategy, children with low HGS may become
adults with low HGS. However, little is known about what strategies are effective for children
with low HGS to achieve a higher baseline level in adulthood. This narrative review aimed to
investigate whether physical exercise interventions could improve HGS in children. Methods: The
relevant databases/search engine was searched using keywords related to the main topics discussed
throughout this review. Results: Our findings suggest that it may not be possible to improve HGS
over that observed from normal development with physical education or traditional resistance-
training programs. However, if the training program includes exercises that directly stimulate the
forearm/hand muscle groups to grip, it may be possible to obtain changes in HGS that exceed the
changes due to normal developmental growth. Conclusion: Although there are associations between
HGS and markers of health, no research could be identified that examined whether increasing HGS
would lead to an improvement in health. If an increase in HGS really does represent an improvement
in long-term health, then gripping exercise may need to be included into physical activity programs
during the growth/development phase.
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1. Introduction

Muscular strength is a powerful predictor and biomarker of current and future health,
regardless of age or sex. For example, low handgrip strength is a predictor of future disabil-
ity [1,2] and mortality [3,4] in middle-aged and older adults. In children and adolescents,
low handgrip strength is also associated with poor cardiometabolic and bone health out-
comes [5,6] and premature death [7]. Therefore, it may be useful to acquire and maintain a
high level of muscular strength throughout life [8].

Our recent study using a Smedley dynamometer suggests that handgrip strength
can be measured accurately in children as young as four [9,10]. At this age, individual
differences in muscle strength are already observed. Several studies reported that chil-
dren with low muscular strength are likely to become young adults with low muscular
strength [11,12]. For example, a twenty-year follow-up study showed that children with
low handgrip strength were approximately five times more likely to have low handgrip
strength as young adults compared with children who had high handgrip strength [13].
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This evidence suggests that without a possible strategy, children with low muscular strength
are likely to become adults with low muscular strength.

Although fetal environment [14,15], protein intake [16], daily physical activity [17],
and structured resistance exercise [18,19] are major factors affecting a child’s low muscular
strength, there are only a limited number of strategies that children can actually take after
birth. Unfortunately, little is known about which strategies are effective for children with
low muscular strength to achieve a higher baseline level of muscular strength [8], especially
handgrip strength, by adulthood. For adults, exercise training (i.e., resistance-type exercise)
is recommended for developing and/or maintaining muscular strength [20]. Resistance
exercise for children and adolescents includes lifting weights as well as various bodyweight
movements and upper-body exercises that take place in play from an early age [21]. These
physical activities are expected to contribute to the development of upper-body and lower-
body muscular strength including handgrip strength for children and adolescents. Thus,
the aim of this narrative review was to investigate the potential of exercise training as a
way for children with low muscular strength to improve their strength. We also examined
whether the effects of exercise training are affected by the age at which they are performed.

2. Materials and Methods

A literature search was performed using the electronic databases (PubMed and Scopus)
and a search engine (Google Scholar) through September 2022. The search consisted of
keywords related to the main topics discussed throughout this review: physical activity or
resistance training and muscular strength and/or body composition. An example search
strategy for PubMed, Scopus, and Google Scholar is provided (Appendix A). References
from pertinent articles and the names of the authors cited were cross-referenced to locate
any further relevant articles not found with the initial search. In previous studies, jumping
ability, such as the standing long jump, has been used as an index of muscular strength in
children. As mentioned above, however, handgrip strength has been used as a predictor
of current and future health. Therefore, this review focused specifically on changes in
handgrip strength following interventions.

In children and adolescents, physical activity is a key component to promote nor-
mal growth and development [22]. Quantitative and qualitative changes in muscle are
constantly observed during this period. Therefore, to assess the effects of exercise on
developing children and adolescents, it is necessary to compare changes in the intervention
and control groups. In this narrative review, we excluded cross-sectional studies and
included only intervention studies with a control group. In addition, the study needed
to include individuals under the age of 18 and to report changes in the absolute value of
handgrip strength.

3. Findings
3.1. Effect of Family- and School-Based Physical Activity Interventions on Handgrip Strength

Family-based and school-based interventions are both strategies for increasing physi-
cal activity in children and adolescents. Preschool children spend considerable time under
parents’ care, thus, family-based physical activity promotion programs are an important
strategy to improve strength. Similarly, physical activity promotion is predominantly
conducted in schools. The effects of school-based interventions are being investigated by
comparing normal curricula with extra physical education lessons.

Regarding family-based programs, Labayen et al. [23] compared differences in changes
in physical fitness (e.g., handgrip strength, 20 m shuttle run, standing long jump), body com-
position (as measured by dual-energy x-ray absorptiometry (DXA)), and cardiometabolic
and diabetes risk factors between two groups (mean age 10.6 & 1.1 years of age): one
group (n = 57) received a family-based lifestyle educational program (control), and another
group (n = 49) received the same intervention plus an exercise program (90 min session
involving aerobic and resistance exercise, three times per week). Following 22 weeks of the
intervention, statistically significant increases were observed in both groups for all physical
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fitness variables, but no statistically significant differences were observed between groups
in markers of physical fitness (i.e., change was not greater with intervention). For example,
the pre-post change in handgrip strength calculated using reported values was 2.4 kg in the
intervention with exercise group and 1.8 kg in the control group. Although family-based
interventions do result in consistent increases in moderate and vigorous physical activity
in the children [24], this improvement may not lead to increases in muscular fitness beyond
that observed with normal development.

Several studies have investigated the effects of school-based physical activity interven-
tions on body composition, physical fitness, and cardiovascular risk factors. For example,
Rexen et al. [25] examined the effect of extra physical education lessons on children’s devel-
opment of physical fitness (e.g., handgrip strength, shuttle run, vertical jump). All primary
schools in one area were invited to participate in the project as schools with extra physical
education, but only six attended extra physical education lessons (normal curriculum plus
270 min/week divided over at least 3 sessions per week) and the rest maintained their nor-
mal curriculum (90 min per week). Participants consisted of children across 5 age groups
from preschool to fourth grade (mean age 8.2 years), with a follow-up of 2.5 years. The
authors reported a greater improvement in the composite fitness score of the older children
(third and fourth grades) who performed extra physical education lessons compared to the
corresponding children in normal physical education lessons. However, children within
the younger grades (preschool, first, and second grades) had no effect of extra physical
education lessons on the development of composite fitness scores over time. Since they only
reported total fitness scores, the impact of extra physical education lessons on handgrip
strength development is unknown, but no change in total score suggests no change in
handgrip strength.

Bogataj et al. [26] also compared the changes in physical fitness (handgrip strength,
countermovement jump, medicine ball throw, and aerobic performance test) and body
composition (as estimated by bioelectrical impedance) between the school-based exer-
cise/nutrition intervention group (n = 24, mean age 15.5 years) and a control group (n = 24,
mean age 15.7 years). The exercise/nutrition group performed circuit training three times
a week for eight weeks, and each session consisted of ten different exercises using their
own body weight. Each exercise was performed for 30 s and then followed by a 15-s rest
period. Two circuits were completed for a total time of 15 min. The children and their
parents also participated in the nutrition intervention program. The control group was
instructed to maintain physical education activities and not change their diet. After eight
weeks, there were significant improvements in all physical fitness variables. The only
difference between groups was that the exercise/nutrition group improved more in the
medicine ball throw and the aerobic performance test. Of note, there were no statistically
significant differences in handgrip strength (pre-post change: intervention group = 0.54 kg,
control group = 0.52 kg; Time effect: p = 0.004; Interaction: p = 0.949). Other studies
have also reported statistically significant improvements in physical fitness variables in a
school-based intervention group compared with a control group [27-30], but there was no
effect of extra physical education programs on handgrip strength, although research was
limited [25,26,31].

3.2. Effect of Upper Body Resistance Training on Handgrip Strength

The American Academy of Pediatrics reported that if training programs are well
supervised with an emphasis on proper technique, then children and adolescents can gain
muscular strength with resistance training with low injury rates [21]. The increases in
strength are primarily attributed to neurological mechanisms (e.g., enhanced motor unit
recruitment) [21]. As mentioned above, therefore, resistance training in children and ado-
lescents is expected to contribute to the development of handgrip strength following upper-
body resistance training (including grip training). For example, Faigenbaum et al. [32]
compared the effects of different training frequencies (once a week, twice a week, and an
age-matched control without training) of whole-body resistance exercise on upper- and
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lower-body muscular strength in boys and girls between the ages of 7 and 12 years old. Both
training groups performed a single set of 10-15 repetitions on 7 upper body (seated chest
press, chest crossover, lat pull down, seated low, shoulder press, biceps curl, and triceps
extension), 3 lower-body (leg press, leg extension, and leg curl), and 2 trunk (abdominal
curl and lower back extension) exercises using child-size strength training equipment for
8 weeks. Compared with the non-exercise control group (n = 13), dynamic (1 repetition
maximal (1RM)) leg press strength increased significantly in both once a week (1 = 22) and
twice a week (n = 20) training groups. Chest press strength (IRM) was observed to increase
significantly only in the twice-weekly group compared to the control. However, there were
no statistically significant differences (p > 0.05) in handgrip strength (pre-post change: once
a week = —0.1 kg, twice a week = 2.4 kg, control = —0.7 kg) and jump performance among
the groups following the training program. This result is consistent with that observed
in adults, where handgrip strength may not change significantly following traditional
resistance training for the major muscle groups throughout the body [33,34].

Hand grip exercise training, which has a direct effect on the forearm/hand muscles, is
expected to be involved in improving handgrip strength [35]. For example, Siegel et al. [36]
investigated the effects of resistance training on handgrip strength in an experimental
group by comparing it with a control group. The experimental group (26 boys and 24 girls,
mean age 8.4 years) performed upper body exercise using hand-held weights, stretch
tubing, balls, and self-supported movements (e.g., wheelbarrow, sealwalk, crabwalk)
three times a week. The control group (30 boys and 16 girls, mean age 8.6 years) had
a free-play period which was part of the normal school routine. Following a 12-week
intervention, the changes in handgrip strength were significantly greater (p < 0.05) for
the experimental group compared to the control group (pre-post change in right hand:
experimental group = 1.5 kg and control group = 0.3 kg). Karatrantou et al. [37] also ex-
amined the effects of hand squeezing exercise training using hand therapy balls in young
wrestlers twice a week for four months. The hand training group (18 children and 18 ado-
lescents) performed about three quarters of an hour of wrestling training and then about a
quarter of an hour of hand squeezing training, while the control group (18 children and 18
adolescents) performed wrestling training for about one hour. The authors reported that
maximal handgrip strength increased significantly (p < 0.001) after two and four months
compared to the pre-training value in both children (preferred hand—Training group:
pre = 16.3 kg, 2 months = 18.3 kg, and 4 months = 24.3 kg; Control group: pre = 15.2 kg,
2 months = 16.7 kg, and 4 months = 21.1 kg) and adolescents (preferred hand—Training
group: pre = 37.8 kg; 2 months = 40.4 kg; 4 months = 46.8 kg; Control group: pre = 37.6 kg,
2 months = 39.1 kg, and 4 months = 40.4 kg) in both groups. After four months of training,
however, the handgrip strength of the hand training group was higher (p < 0.001) than that
of the control group in both children and adolescents. Recently, one study reported the ef-
fects of a six-month upper-body and lower-body exercise training intervention on handgrip
strength in preschool-aged children [38]. Although the specific exercise related to improv-
ing handgrip strength was not described, significant improvement (p < 0.01) in handgrip
strength was confirmed in the intervention group (pre-post change; 1.7 kg) compared to the
control group (pre-post change; 1.1 kg). In contrast, after a 10-week lower-body training in-
tervention, which included mainly jump-type exercises, no significant difference (p = 0.458)
was observed in the change in handgrip strength between the control (pre-post change;
1.0 kg) and intervention (pre-post change; 0.7 kg) groups [39]. Similarly, despite a significant
change in aerobic capacity after a 12-week concurrent training (moderate-intensity treadmill
running training combined with resistance training (MICT + RT) or high-intensity treadmill
interval training combined with resistance training (HIIT + RT)) intervention, handgrip
strength did not change in the intervention (pre-post change; MICT + RT = —1.1 kg and
HIIT + RT = 0.9 kg) and control (pre-post change: —1.3 kg) groups [40]. Previous studies
reported increased muscle strength of the untrained upper extremities due to resistance
training of the lower extremities (called the cross-education or cross-transfer effect) [41,42].
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However, there are no studies of increased handgrip strength with the above lower-body
training intervention.

4. Conclusions and Future Tasks

The majority of studies (though not all [38]) suggest that it may not be possible to
improve handgrip strength over that observed from normal development with physical
education or traditional resistance training programs. Unfortunately, most studies investi-
gating school-based physical education effects did not include handgrip strength changes
after exercise interventions. However, if the training program includes exercises that
directly stimulate the forearm/hand muscle groups to grip, it may be possible to obtain
changes in handgrip strength that exceed the changes due to normal developmental growth.
One thing to consider is that the training period was within half a year for a majority of
studies, and the descriptions of the exercise programs were not always entirely clear.

Although there are associations between handgrip strength and markers of health, it
is still unknown if increasing handgrip strength would lead to an improvement in health.
It is possible that handgrip strength, only in the absence of direct training, represents
an individual’s future health risk. For example, while gripping exercise does improve
handgrip strength, traditional resistance exercise does not have a measurable influence.
Given that a variety of interventions fail to improve handgrip strength, this might suggest
that children may not be able to measurably alter their long-term strength potential. In
other words, a change in strength could be observed if trained directly, but this might not
have any influence on an individual’s health status. On the other hand, if an increase in
handgrip strength really does represent an improvement in long-term health (as the associ-
ations might suggest), then gripping exercise may need to be included in physical activity
programs during the growth and development phase [7]. The mechanism explaining the
inverse association between handgrip strength and morbidity /mortality remains unclear.
However, genetic [43] and non-genetic [3,4,44,45] factors have been proposed to explain
these associations. Currently, it is unknown how changing these biomarkers during the
growth period can impact future morbidity and mortality. Additional longitudinal studies
are needed to better address these questions.
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