Sports Medicine and Health Science 8 (2026) 273-290

. . . . Sports Medici
Contents lists available at ScienceDirect ShdHaahhSeidnee

Ke Ai Sports Medicine and Health Science

journal homepage: www.keaipublishing.com/smhs

Review Article

Lower body muscular strength as a predictor of health indicators in youth g

Check for

population: A systematic review and meta-analysis

Laura Moreno-Gonzalez?, Antonio Alonso-Callejo™ ", Jose Luis Felipe® ",
Samuel Manzano-Carrasco®, Leonor Gallardo®, Jorge Garcia-Unanue®
2 IGOID Research Group, Department of Physical Activity and Sport Sciences, University of Castilla-La Mancha, 45071, Toledo, Spain

Y Department of Sports Sciences, Faculty of Medicine, Health and Sports, Universidad Europea de Madrid, Villaviciosa de Odén, 28670, Spain
€ Department of Communication and Education, Universidad Loyola Andalucia, 41704, Sevilla, Spain

ARTICLE INFO ABSTRACT
Keywords: Muscular strength in the lower body during childhood and adolescence is crucial for determining various health
Physical fitness indicators. While previous reviews have examined the benefits of health-related muscular fitness (MF) in youth,

Children and adolescents
Muscular power
Jump tests

this study aims to analyse a specific indicator of muscular fitness, focusing on current evidence regarding lower-
limb muscular strength and power tests as predictors of health parameters in children and adolescents. A sys-
tematic search was conducted in Web of Science, MEDLINE (PubMed), and Scopus databases up to December
2023. Observational studies were considered if they quantitatively assessed the association between lower body
muscular strength and health outcome variables. Meta-analyses were performed to determine the pooled stan-
dardized coefficients. Age was evaluated as a potential moderating factor. Twenty-four studies (n = 121 306)
were included, covering outcomes like adiposity, cardiometabolic risk, bone health, and inflammatory bio-
markers. Meta-analyses of 11 studies revealed pooled standardized coefficients; statistical significance was
determined for p < 0.001. Lower body strength/power was negatively associated with multiple adiposity in-
dicators: waist circumference (r = —0.27), body fat percentage (r = —0.31), sum of skinfolds (r = —0.31).
Additionally, significant negative correlations were observed with insulin resistance (r = —0.20), and car-
diometabolic risk index (r = —0.27). Associations with systolic (r = 0.14) and diastolic (r = 0.07) blood pressure,
and bone mineral density of the femoral neck (r = 0.12) were weaker. Lower body muscular strength predicts
health outcomes like obesity and cardiometabolic diseases. Although no direct link to bone mass was found, lean
mass influenced by muscle is essential for bone health. Further research is needed to clarify these relationships
and guide interventions, supporting guidelines promoting muscle-strengthening activities in youth.

associations.
MSF is a multidimensional construct that comprises the ability of
1. Introduction muscles to produce force (muscular strength), to perform repetitive
contractions or to maintain a prolonged contraction under submaximal
Physical fitness is considered one of the strongest predictors of health loads (muscular endurance), and to achieve a high rate of maximal
status in the youth population.1 It has as main components cardiore- dynamic muscle contraction (muscular power).2’4 The motivation to
spiratory fitness (CRF) and musculoskeletal fitness (MSF).” These encourage adequate levels of muscular fitness (MF) is based on the
health-related fitness components have been characterized by the set of increasing body of evidence linking MF with positive effects on health
attributes required to perform physical activities, without excessive fa- status in youth.»>*° It is associated with bone health,”* healthier car-
tigue and by qualities and abilities associated with a reduced risk of  gjovascular profiles® and insulin sensitivity,'® and inversely associated

chronic diseases.®* Traditionally, research on physical fitness and with markers of inflammation and metabolic syndrome.>'! The role of
health outcomes focused on CRF,® consistently revealing strong
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Abbreviations MF Muscular fitness
MSF Musculoskeletal fitness
%BF Body fat percentage n Sample
aBMD  Areal bone mineral density p P-value
BMD Bone mineral density PRISMA Preferred Reporting Items for Systematic Reviews and
BMI Body mass index Meta-Analysis
CCS Cross-country skiing Q Heterogeneity (Cochran's Q)
CI Confidence interval r Pooled correlation coefficient
CMJ Countermovement jump RBM Relative body mass
Cont Control group RJ15 Rebound jumps for 15 s
CRF Cardiorespiratory fitness RJ30 Rebound jumps for 30 s
CRP C-reactive protein SBP Systolic blood pressure
CVD Cardiovascular disease SD Standard deviation
DBP Diastolic blood pressure SG Sport games
F Female SPR Track sprint
FFM Fat free mass SwW Swimming
FM Fat mass TC Total cholesterol
GYMN  Rhythmic gymnastics TG Triglycerides
HDL-c  High-density lipoprotein cholesterol WBLH  Whole body less head
HOMA-IR Homeostasis model assessment for insulin resistance wC Waist circumference
P Heterogeneity WHtR  Waist to height ratio
M Male B Regression coefficient
MAP Mean arterial pressure XSF Sum of skinfolds
MF in preventing chronic diseases has also been increasingly acknowl- 2. Methods

edged.®'? In addition, various studies have demonstrated that lower
body muscular power is rightly associated with levels of blood pres-
sure,'® bone strength and bone mineral content.® The Institute of Med-
icine highlighted that muscular strength and muscular power are
essential elements in an integral assessment of children fitness.'* In this
regard, the World Health Organization acknowledges the significance of
MF and, in it is physical activity guidelines for children and adolescents,
recommends the promotion of muscle strengthening at least three times
a week, in addition to aerobic activity.'®

These findings emphasize the importance of evaluating MF from an
early age.* Muscular strength in youth is not only an indicator of their
current health but also a predictor of future health outcomes.” There are
different tests to assess several dimensions of muscular strength, and
more specifically, to assess lower body muscular strength and muscular
power. %7 These tests include the most important fitness test batteries
for children and adolescents,'®'° and the information provided by each
test pertains specifically to different regions of the body. However, these
tests have certain limitations for use in extensive population studies,
such as school settings. In such cases, it is imperative that the method-
ologies utilized are both uncomplicated and efficient, thus minimizing
the need for strict laboratory settings.'®?° As a practical alternative,
field-based fitness tests are used.'®!”

Field-based fitness tests are a practical substitute commonly
employed because they are easy to administer, require minimal equip-
ment, and are cost-effective.'® Previous research indicates that field tests
to measure lower body muscular strength are reliable and valid in a
youth population.'®!” Some authors have even proposed them as a
general index of upper and lower body MF in children.!” This emerging
evidence has led to reviews examining the benefits of health-related MF
in youth from a broad perspective.”*! However, the aim of this review
and meta-analysis is to analyse a specific aspect of muscular fitness,
focusing on the current evidence regarding lower-limb muscular
strength and power as predictors of health parameters in children and
adolescents.
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2.1. Protocol and registration

The protocol for the review and meta-analysis was registered on the
International Prospective Register of Systematic Reviews (PROSPERO)
database (registration number: CRD42023473379). This systematic re-
view was conducted following the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis (PRISMA) guidelines.22

2.2. Search strategy

A systematic electronic search for articles was conducted in Web of
Science, MEDLINE (PubMed), and SCOPUS databases from the earliest
record available up to November 2023, to identify relevant studies.

Relevant keywords for each search term were identified through
preliminary searches (reviewing titles/abstracts, keywords, full texts,
and related reviews previously published). The following Boolean
search strategy was applied using the terms defined a priori using the
“OR” operator, and the final search phrase was constructed using the
“AND”: [“physical fitness” OR “fitness” OR “motor skill” OR “motor
competence” OR “motor performance” OR “lower body” OR “lower
limb”] AND [ “muscular” OR “muscle”] AND [“strength” OR “power”]
AND [“jump” ] AND [“health”] AND [“youth” OR “children” OR
“adolescents™].

No limits on the publication date were imposed; however, only
original, published full texts written in English were considered for re-
view. Grey literature was excluded due to its lack of peer review, which
may compromise the quality and reliability of the data. Also, reference
lists of relevant studies and previous reviews on the topic were checked
to find any articles that may have been missed by the search criteria, to
identify further studies for inclusion in the database.

2.3. Eligibility criteria
Studies that examined the relationship between muscular strength/

power and health indicators in a general population of healthy children
and adolescents were considered. Before screening the remaining
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studies, we identified and eliminated duplicate records. To be eligible
for inclusion, studies had to meet the following criteria: (1) participants
were aged 6-18 years, without any diagnosed medical conditions; (2)
study design: data were obtained from observational studies (cross-
sectional or baseline measurements of longitudinal studies); (3) the
studies used quantitative assessment of lower body muscular strength/
power measured by field tests with demonstrated validity and reliability
in children and adolescents; (4) studies that report at least one health
indicator associated with measures of lower body muscular strength/
power (e.g. cardiometabolic risk/metabolic syndrome, bone health,
anthropometric and adiposity status) was provided. We did not restrict
the inclusion criteria to a specific primary or secondary outcome in the
studies. Based on the predefined inclusion, studies were identified by
two authors through two stages of screening performed independently.
In the first stage, the relevance of the search results was examined by
reviewing titles and abstracts for eligibility. In the second stage, the full
texts were screened and evaluated against the inclusion criteria. When
necessary, discrepancies were resolved by discussion, or a third author
was involved in the decision-making. In all cases, the reasons for the
exclusion of identified articles were recorded. The included health
outcome measures were classified into the following four categories: (1)
anthropometric and adiposity status; (2) cardiometabolic parameters;
(3) bone health indicators; and (4) inflammatory biomarkers.

2.4. Data extraction

One researcher extracted descriptive data into a specifically designed
and standardized Microsoft Excel spreadsheet, and this was verified by a
second researcher verified for accuracy. If any additional data were
required, the publication's corresponding author was requested via
email or via ResearchGate. The following data of the selected studies
were extracted and summarized in an ad hoc table including author
identification, country of study, year of publication, study design (cross-
sectional, longitudinal, participant characteristics (sample size, sex, age,
mean age), methods for assessing lower body muscular strength/power
muscular, health indicator outcomes, and the association between body
muscular strength/power and health indicators.

2.5. Data synthesis and analysis

Random-effects meta-analyses for each variable were performed
using the metafor package in R (version 4.2.2, 2022-10-31, ucrt; The R
Foundation for Statistical Computing). Two meta-analyses were con-
ducted for each physical fitness variable to assess the magnitude and
significance of the relationship with vertical jump performance. The first
meta-analysis included the sample size and correlation coefficient from
each study. To avoid incorrect variance calculations and non-normal
distributions, all correlation coefficients were converted to Fisher's z-
scores and standard errors. Fisher's z-scores were then back-transformed
to obtain the pooled correlation coefficient (95% confidence interval)
for the forest plots.

The pooled correlation coefficients were categorized as follows:
0.00-0.10 (trivial); 0.10-0.30 (small); 0.30-0.50 (moderate); 0.50-0.70
(high); 0.70-0.90 (very high); and > 0.90 (nearly perfect).23’24 Statis-
tical significance was determined for p < 0.001. The Cochran's Q-sta-
tistic”®> was employed to gauge the proportion of total variation
attributable to heterogeneity across the studies. This information was
then utilized to compute the I statistics. I? values falling below 25%,
between 25% and 75%, and exceeding 75% were respectively catego-
rized as indicating small, moderate and high levels of heterogeneity.?>>°
Leave-one-out sensitivity analyses was performed to assess whether
removing a single study had a significant influence on the final pooled
correlation coefficient.””

In the second analysis, mean age was included as a moderator vari-
able to examine its impact on the magnitude of the relationship, and a
meta-regression was performed. To assess the risk of bias due to small
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sample sizes and missing studies, funnel plots with an Egger test were
included, using the trim and fill method.?®

2.6. Risk of bias assessment

Consistent with previous research,””?° the assessment to evaluate
bias within included studies was the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement. >’ This tool
evaluates six criteria to assess the risk of bias within included studies.
For each criterion, studies were scored with a tick (“v"), low risk of bias;
a cross (“X™), high risk of bias; or an exclamation mark (“!"),
unclear/inadequate description. The criteria were: (i) Did the study
adequately describe participant sampling procedures and inclusion
criteria? (ii) Did the study clearly outline the health indicator assess-
ment(s) used, including specific measures, procedures and their val-
idity? (iii) Did the study provide acceptable reliability information for
the health indicator assessment(s) used? (iv) Did the study clearly
outline the physical fitness assessment(s) used (specific measure-
s/procedures/valid)? (v) Did the study provide acceptable reliability
information for the physical fitness assessment(s) used? (vi) Of those
who consented to the study, did an adequate proportion have complete
data for the health indicator and the physical fitness assessments? A
score for each article ranged from zero to six points. Studies with scores
< 2 were considered high risk of bias, studies that achieved 3-4 points
were classified as medium risk, and those that had scores of 5-6 were
classified as low risk of bias. To establish clear criteria and ensure high
agreement between reviewers, two independent researchers performed
this step, and a third researcher resolved any disagreements.

2.7. Risk of bias across studies

Small study effects and potential publication bias were visually
interpreted from funnel plots and calculation of Egger's linear regression
intercepts for each comparison.®! Publication bias was considered pre-
sent if there was significant asymmetry in the funnel plot; moreover, in
the case of asymmetry, the figure shows hypothetical studies (black
dots) when there is a risk of publication bias, and we are overestimating
the effect. An Egger statistic p-value < 0.05 indicated the presence of a

small study effect.
3. Results
3.1. Overview studies/study selection

The search identified 730 screened records after eliminating 491
duplicate records through database searching. From the title and ab-
stract screening, 142 records were identified to assess for eligibility.
Finally, 24 studies met the inclusion criteria and were included in the
systematic review. Of the studies identified for the systematic review, 13
were excluded from the meta-analysis due to insufficient data (e.g. un-
reported correlations, lack of sample size information for a reported
correlation) required for conducting the meta-analyses. The PRISMA
flow chart of the systematic review and meta-analyses is presented in
Fig. 1.

3.2. Study characteristics

All studies included were published in English between 2008 and
2023. Twenty-two studies consisted of cross-sectional eval-
uations,10’11’13’32’50 while two studies collected cohort observational
evaluations.”’®” Sixteen studies were conducted in European
countries, |011:32-39:41,42,45,47,51,52 po in Agia 434850 o in Af
rica,'®>*® one in Australia*® and one in South America.** The included
studies represented a total sample of 121 306 healthy children and
adolescents, age ranged from 6 to 18 years. All the selected studies
assessed lower body muscular strength using field tests, specifically
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Fig. 1. PRISMA flow diagram for study selection process.

various validated jumping tests: eighteen studies used the standing

long jump’!:17-32-34,36,37,39,40,42,43,46-52. t}yree used the standing broad

jump'®*1*5; two used the countermovement jump'®>%; and one used
the countermovement vertical jump.®® All studies quantitatively ana-
lysed the association between lower body muscular strength or power
and at least one quantitative measure of health indicators, including
twelve anthropometric and adiposity status,>%°7>10-43:45,46,48-51 pipe
cardiometabolic risk/metabolic syndrome,'32-3436:40,46,51.52 g5y
bone health,>>*%%%%” and two inflammatory biomarkers.'3° Table 1

summarizes the characteristics of the studies.

3.3. Risk of bias within studies

The risk of bias overview of included studies is presented in Fig. 2.
One study met all six criteria,’® while five studies met five
criteria,32"“’45’46’52 three studies met four criteria,42’49’51 seven studies
met three criteria,'®!51%333%40:47 and four studies met two crite-
rion.3%*448:50 Additionally, four studies met only one criterion,>37:38:43
Criteria four and one were the most frequently met (n = 21/24 and
20/24, respectively), followed by criterion five (n = 14/24) and crite-
rion two (n = 12/24). Criteria three and six were the least frequently met
criteria (n = 7/24 and n = 6/24, respectively). Consequently, 25% of the
studies were considered to have a low risk of bias, 42% were considered
to have a moderate risk of bias, and 33% were considered to have a high
risk of bias.

3.4. Meta-analysis

Meta-analyses were conducted to determine the associations
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between lower body muscular strength/power and health indicators.
They were performed if at least three studies provided standardized
coefficients for the reported variables. The forest plots in Figs. 3-5 es-
timate the pooled correlation coefficients, their corresponding 95%
confidence intervals, the P heterogeneity statistic, and the statistical
significance (p-value < 0.001) reported for each health indicator. The
moderating role of each participant's age was assessed for the analysis
conducted between the lower body muscle strength variable and each
health parameter (Supplementary Figs. 1-3).

Leave-one-out sensitivity analysis was conducted to diagnose the
influence of individual studies on the results of our meta-analysis
(Supplementary Fig. 4-6). By systematically excluding each study and
observing changes in the results, we can identify particularly influential
studies that could distort the overall findings. In our figures, the study
whose exclusion may cause a substantial change is shown in red.

3.4.1. Pooled correlation coefficients for lower body muscular strength/
power and anthropometric and adiposity status

The association between lower body muscular strength/power and
waist circumference (WC) was analysed from eight studies (Fig. 3A). The
pooled correlation coefficient was negative and small (r = —0.27, 95%
CI: -0.35 to 0.18), with high heterogeneity and significance (I = 91.2%,
p < 0.001). Five studies examined the association between lower body
muscular strength/power and body fat percentage (%BF) (Fig. 3B). The
pooled correlation coefficient was negative and moderate (r = —0.31,
95% CI: -0.44 to —0.17), with high heterogeneity and significance
(Iz = 89.1%, p < 0.001). A total of four studies were evaluated for the
association between lower body muscular strength/power and sum of
skinfolds (XSF) (Fig. 3C), with the pooled correlation coefficient
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negative and moderate (r = —0.31, 95% CI: -0.45 to —0.14), with high
heterogeneity and significance (I? = 92.7%, p < 0.001). The age
moderator potential did not find consistent effects on anthropometric
variables. (Supplementary Fig. 1).

3.4.2. Pooled correlation coefficients for lower body muscular strength/
power and cardiometabolic risk/metabolic syndrome

Fig. 4A shows that the pooled correlation coefficient of five studies
for the association between lower body muscular strength/power and
homeostasis model assessment for homeostasis model assessment for
insulin resistance (HOMA-IR) was negative and small (r = —0.20, 95%
CI: -0.24 to —0.15), with moderate heterogeneity and significance
PF = 59%, p < 0.001). Five studies analysed the association between
lower body muscular strength/power and cardiometabolic risk index
(Fig. 4B). The pooled correlation coefficient was negative and small
(r = —0.27, 95%CI: -0.33 to —0.30), with high heterogeneity and sig-
nificance (I° = 81.2%, p < 0.001). The association between lower body
muscular strength/power and systolic blood pressure (SBP) of five
studies is shown in Fig. 4C. The pooled correlation coefficient was
positive and small (r = 0.14, 95%CI: -0.03 to 0.29), with high hetero-
geneity and non-significance (7 = 97.9%, p = 0.098). Three studies
examined the association between lower body muscular strength/power
and diastolic blood pressure (DBP) (Fig. 4D), with the pooled correlation
coefficient being positive and trivial (r = 0.07, 95%CI: —0.00 to 0.14),
high heterogeneity and non-significance (IZ = 80.2%, p = 0.063). The
age moderator potential found consistent effects HOMA-IR and DBP
variables (p < 0.001) (Supplementary Fig. 2A-2D, respectively).

3.4.3. Pooled correlation coefficients for lower body muscular strength/
power and bone health

A total of seven studies were evaluated for the association between
lower body muscular strength/power and of the femoral neck (Fig. 5).
The pooled correlation coefficient was positive and trivial (r = 0.12,
95%CI: —0.05 to 0.28), with high heterogeneity and non-significance
(% = 49.3%, p = 0.176). The age moderator potential did not show a
consistent effect on bone mineral density (BMD) of the femoral neck.
(Supplementary Fig. 3).

Key

(V]
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Fig. 2. Risk of bias overview of studies included

A = Does the study adequately describe participant
sampling procedures and inclusion criteria?

B Does the study clearly outline the motor
competence assessment(s) used (specific measures/
procedures/valid)?

C = Does the study provide acceptable reliability in-
formation for the motor competence assessment(s)

Low risk of bias
Unclear/moderate risk of bias
High risk of bias

used?
D = Does the study clearly outline the physical ac-
tivity/physical fitness/psychosocial assessment(s)

used (specific measures/procedures/valid)?

E = Does the study provide acceptable reliability in-
formation for the physical activity/physical fitness/
psychosocial assessment(s) used?

F = Of those who consented to the study, did an
adequate proportion have complete data for the
motor competence and the physical activity/physical
fitness/psychosocial assessments?

G = Overall summary.

3.5. Publication bias

Inspection of the funnel plots and Egger's regression intercepts only
revealed statistically significant Egger's regression statistics for the as-
sociation of lower body muscular strength with DBP (z 2.664;
p = 0.0077), and with BMD femoral neck (z = —2.1586; p = 0.0309)
(Supplementary Table 1), indicating the presence of a small study ef-
fect.** The funnel plots for the meta-analyses are shown in Supple-
mentary Data (Figs. 7-9). Some asymmetries can be seen in the
relationship between lower body muscular strength with WC and
HOMA-IR, where the figures show that the analysis added a hypothetical
study on the right in both cases (Supplementary Fig. 7A and Fig. 8A,
respectively).

4. Discussion

This meta-analysis provides a comprehensive and systematic review
of the association between lower body muscular strength and health
indicators in children and adolescents. Overall, a total of 24 studies
encompassing eight health parameters (WC, %BF, XSF, HOMA-IR, car-
diometabolic risk index, blood pressure (SBP and DBP) and bone health)
were reviewed. The importance of this analysis lies in the establishment
of an inverse association between lower body muscular strength/power
and anthropometric parameters, along with the cardiometabolic risk
variables.

4.1. Anthropometric and adiposity status

The findings of this meta-analysis evidence a negative association
between excess body fat and poor performance in MF tests, particularly
explosive and dynamic movements, which was consistent with what was
previously demonstrated in children and adolescents.” These results are
in accordance with previous studies,”>** indicating an inverse rela-
tionship between lower body muscular strength and body fat levels in
the youth population. This could be attributed to the necessity for
greater propulsion or lifting of body mass among this population with
higher body fat levels compared to their normal-weight peers,”>" taking
on additional load during weight-bearing tasks>"*> or difficulty in
fitness assessments involving rapid positional changes.®>°°
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Study Weight Corr. [95% CI]
Agostinis-Sobrinho et al. 2016 [43] —— 13.58% -0.36 [-0.43,-0.28]
Artero et al. 2011 [45] ——t 13.99% -0.32[-0.38, -0.25]
Diez-Fernandez el at. 2015 [46] —— 14.48% -0.32[-0.37,-0.27]
Megawali et al. 2019 [52) ey 6.27% -0.24[-0.49, 0.04]
Moliner-Urdiales et al. 2010 [54] (f) — 11.18% -0.14[-0.28, 0.00)
Moliner-Urdiales et al. 2010 [54] (m) —_—.— 11.03% -0.38[-0.50, -0.25)
Monyeki et al. 2008 [55] —a— 1478% -0.04[-0.09, 0.01]
Steene-Johannessen et al. 2009 [13] - 14.70% -0.30 [-0.34,-0.25]
Q(7) = 111.54, p < 0.001; = 91.2% il 100% -0.27 [-0.35,-0.18]
Agostinis-Sobrinho et al. 2016 [43] —— 22.93% -0.42[-0.49,-0.35]
Megawati et al. 2019 [52] —_— 12.90% -0.33[-0.56, -0.06]
Moliner-Urdiales et al. 2010 [54] (f) —_——y 20.06% -0.24[-0.37,-0.10]
Moliner-Urdiales et al. 2010 [54] (m) . 19.87% -0.45(-0.56,-0.32)
Monyeki et al. 2008 [55] —-— 24.24% -0.12[-0.16,-0.07)
Q(4) = 58.93, p < 0.001; "= 89.1% il 100% -0.31(-0.44,-0.17]
Agostinis-Sobrinho et al. 2016 [43] —— 26.13% -0.42[-0.49,-0.35]
Moliner-Urdiales et al. 2010 [54] (f) ey 23.35% -0.24[-0.37,-0.10]
Moliner-Urdiales et al. 2010 [54] (m) . 23.16% -0.45[-0.56,-0.32]
Monyeki et al. 2008 [55] —— 27.36% -0.12[-0.16,-0.07]
Q(3) =57.87, p < 0.001; 7= 92.7% . = 100% -0.31[-0.45,-0.14]
I T 1
-06 -03 0.0 03

Correlation coefficients (r + 95% CI/)

Fig. 3. Forest plot showing the pooled correlation coefficients between lower body muscular strength/power and WC (A), %BF (B) and =SF (C). WC waist
circumference, %BF percentage body fat, ZSF sum of skinfolds, CI confidence interval, Q heterogeneity (Cochran's Q), P heterogeneity, f female, m male.

There is a clear evidence demonstrating the significance of MF in
relation to adiposity among children, potentially mediated by physio-
logical, morphological and psycho-behavioural mechanisms.”?! Longi-
tudinal studies have shown that increases in muscular strength
correspond to reductions in adiposity,>”>® suggesting a cause-and-effect
relationship.” Given the association of fat tissue with energy imbalance,
wherein excess energy is stored as adipose tissue,” it is reasonable to
hypothesize that the protective attributes of MF are linked to its impact
on energy expenditure.”® In this regard, it is known that the skeletal
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muscle is a highly metabolically active tissue that significantly in-
fluences the basal metabolic rate.”® In addition, elevated levels of MF
may indicate increased skeletal muscle mass, enhanced metabolic effi-
ciency of the muscle (such as lipid oxidation and glucose transport ca-
pacity), or both, leading to a higher overall daily energy expenditure.*®
Thus, it is necessary to focus on MF training, as it has been shown that a
progressive reduction in muscular strength is due to the accumulation of
excess body fat in the youth population.
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Weight Corr. [95% CI]

Agostinis-Sobrinho et al. 2016 [43] —— 17.45% -0.25[-0.33,-0.17]
Artero et al. 2011 [45] —— 19.97% -0.17[-0.24,-0.10]
Diez-Fernandez el at. 2015 [46] (f) —-—y 18.11% -0.14[-0.22,-0.06]
Diez-Fernandez el at. 2015 [46] (m) —— 18.35% -0.27[-0.34,-0.19]
Steene-Johannessen et al. 2009 [13] —-— 26.11% -0.16[-0.21,-0.11]

Q(4) = 9.54, p < 0.001; * = 59.0%

B

100% -0.20(-0.24,-0.15)

Artero et al. 2011 [45) —— 19.20% -0.24[-0.30,-0.17]
Diez-Fernandez el at. 2015 [46] (f) —— 18.15% -0.22[-0.30,-0.14]
Diez-Fernandez el at. 2015 [46] (m) —— 18.29% -0.37 [-0.44,-0.30]
Steene-Johannessen et al. 2009 [13] r—-— 22.14% -0.20[-0.25,-0.15)
Zaqout et al. 2016 [61] —_— 22.22% -0.31[-0.35,-0.26)

Q(4) =21.02, p < 0.001; = 81.2%

C

100% -0.27 [-0.33,-0.20)

Artero et al. 2011 [45] —a——y 19.64% -0.03[-0.10, 0.04]
Monyeki et al. 2008 [55] e 20.15% 0.02[-0.03, 0.06]
Musa et al. 2022 [16] (f) —— 19.93% 0.31[0.26,0.37]
Musa et al. 2022 [16] (m) —— 20.18% 0.33[0.29,0.37]
Steene-Johannessen et al. 2009 [13] -— 20.10% 0.02[-0.03,0.07]

Q(4) = 194.81, p 0.098; I* = 97.9%

D

100% 0.14[-0.03,0.29]

Monyeki et al. 2008 [55] —a— 35.74% 0.00[-0.04, 0.05)
Musa et al. 2022 [16] () e 3250% 0.12([0.06,0.18]
Musa et al. 2022 [16] (m) e 31.67% 0.09[0.03,0.16]

Q(2) = 11.13, p 0.063; I* = 80.2%

>

T
-03 0.0

Correlation coefficients (r + 95% CI)

03

100% 0.07 [-0.00, 0.14]

Fig. 4. Forest plot showing the pooled correlation coefficients between lower body muscular strength/power and HOMA-IR (A), cardiometabolic risk index (B), SBP
(C), DBP (D). HOMA-IR homeostasis model assessment for insulin resistance, SBP systolic blood pressure, CI confidence interval, DBP diastolic blood pressure, Q
heterogeneity (Cochran's Q), I? heterogeneity, f female, m male.
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Study Weight Corr. [95% CI]
Gruodyte et al. 2009 (48] —_— 1541% 0.14[-0.16,0.43]
Gruodyte et al. 2009 [48] T T 1757% 0.14[-0.13,0.39]
Gruodyte et al. 2009 [48] — . 10.93% 0.21[-0.20,0.56]
Gruodyte et al. 2009 [48] —_—— 1213% -0.17[-0.51,021]
Gruodyte et al. 2009 (48] e 1295% -0.21[-0.52,0.15]
Gruodyte et al. 2009 [48] 7.98% 0.16[-0.34,0.60)
Ubago Guisado 2017 [56] — 2303% 0.35[0.18,0.50]
Q(6) = 11.93, p 0.176; = 49.3% - 100% 0.12[-0.05,0.28)

I T
-06 -03

0.0 07

Correlation coefficients (r + 95% CI)

Fig. 5. Forest plot showing the pooled correlation coefficients between lower body muscular strength/power and BMD of the femoral neck. BMD bone mineral

density, CI confidence interval; Q heterogeneity (Cochran's Q), I? heterogeneity.

4.2. Cardiometabolic risk

Clinical symptoms of cardiovascular disease (CVD) typically emerge
in adulthood, but evidence suggests that the origins of CVD begin during
youth, as indicated by elevated levels and clustering of recognized risk
factors already apparent in childhood.®®®! Our results support the
notion that an optimal level of muscular fitness (MF), independent of
cardiorespiratory fitness (CRF) and other confounders,'%** may have a
positive effect on cardiometabolic risk and the development of meta-
bolic syndrome from an early age, as demonstrated in previous
studies.">? In this context, emerging evidence highlights the importance
of recognizing the early onset of CVD in children and adolescents.

Although the effect size for the association between lower body
muscular strength and insulin sensitivity is small, as observed in the
meta-analysis, it is important to recognize that even small effects can
have clinical significance, particularly when considering their long-term
impact on metabolic health.®' This is especially relevant given that
skeletal muscle, the largest insulin-sensitive tissue in the body, plays a
crucial role in insulin-stimulated glucose utilization.®> Moreover, high
MF levels correlate with reduced body fat, improved insulin sensitivity,
enhanced p-cell function and increased basal metabolic rate.®>°* How-
ever, a negative correlation between MSF and certain anthropometric
measures, such as WC, may be associated with decreased levels of in-
sulin resistance.?! This evidence supports the previous idea that skeletal
muscle is considered the main tissue for glucose and triglyceride meta-
bolism.® A study demonstrated that WC decreases the relationship be-
tween childhood lower limb strength and insulin resistance outcomes,?’
and this aspect potentially explains our findings. Despite the
well-established benefits of muscular strength for reducing car-
diometabolic risk factors, further research is needed to better under-
stand the mechanisms driving this relationship.®®

When examining the association between lower body muscular
strength and parameters of blood pressure, our analysis did not observe
significant differences. Consistent with our findings, previous scientific
literature®>°® that included blood pressure as an outcome of physical
activity in children also did not observe significant effects. It is impor-
tant to note that these studies were conducted in non-clinical children
with normal levels of blood pressure, where a reduction in blood pres-
sure is not expected.®” Therefore, this evaluation to predict health out-
comes would be more effective in youth with increased metabolic risk
factors, such as being overweight or at risk of high blood pressure,®®
rather than in healthy children.

4.3. Bone health

Throughout puberty, bone tissue exhibits remarkable responsiveness
to osteogenic stimuli.®” Consequently, researchers have explored the
possibility of maximizing peak bone mass during adolescence as a pri-
mary preventive measure against osteoporosis in adulthood.”®”! A
positive association between lower body strength and bone outcomes in
youth population,”>”* including total and site-specific bone mineral
status’? has been previously demonstrated. However, despite this evi-
dence, this meta-analysis found no association between lower body
strength and femoral neck BMD area. The lack of a positive effect be-
tween lower body strength and bone mass may be influenced by several
confounding determinants, such as genetics, nutrition, hormones, skel-
etal age and physical activity.”>”> Consistent with these results, other
studies have shown that lower body strength does not appear to be a
significant predictor of bone mineral status.?’:%° Evidence suggests that
the relationship between these variables attenuates after adjustment for
adulthood,?"’® indicating that muscular power is only an important
predictor of adult bone mass if sustained into adulthood.

Another strong predictor of bone mass during growth and
throughout life is lean mass.”” which, in certain instances, accounts for
over 60% of the observed variance independently.”®”° Longitudinal and
intervention studies in prepubertal and peripubertal children have
shown that increased weight-bearing activity, particularly that
involving the lower limbs, stimulates bone mineral accrual.’’ This
relationship may be explained through the mechanostat theory,®! which
posits that bone strength is regulated by processes of modelling and
remodelling, dependent on mechanical forces exerted on the skeleton.
Given that skeletal muscle constitutes the primary component of lean
mass,’ enhancement in MF associated with muscular development is
likely to amplify the forces exerted on bone attachments, thereby pro-
moting bone growth.”®8! Hence, these findings suggest that lean mass
can serve as a mediator of the association between MF and bone out-
comes.®? Improvements in muscular performance often correlate with
increases in lean mass, measuring muscular strength could serve as a
valuable, simple and reproducible tool for identifying children or ado-
lescents at risk of poor skeletal health.”’

4.4. Strength and limitations

Although other previous reviews focused on muscular fitness in
general are available,””>?! the main strength of this meta-analysis is that
it is novel and highly focused. To the best of our knowledge, it is the first
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review to provide a quantitative and comprehensive evaluation of lower
body muscular strength as a predictor of health parameters in children
and adolescents. These findings enable the utilization of simple and
affordable tests for monitoring health parameters in large populations,
particularly among children and adolescents. Additionally, this review
adhered to the updated PRISMA guidelines, conducting extensive
database searches throughout the review process, and implemented
clear and robust inclusion/exclusion criteria (title/abstract/full-text
screening, study bias assessment). Strengths of the review included the
fact that the evidence was evaluated from more than 20 countries, which
represents a broad overview of the objective of the study. Furthermore,
our discussion facilitated a detailed examination of potential moderators
of the observed association by focusing on a specific component of
muscular strength. However, this research is not devoid of limitations.
Several challenges are inherent to meta-analyses, such as study bias,
limited access to comprehensive data from the included studies, and
variations in methodological quality.?® The findings of this
meta-analysis also reveal substantial heterogeneity across several vari-
ables, including the anthropometric measures analysed, the car-
diometabolic risk index and blood pressure. This variability is likely
attributable to differences in the assessment methods employed, as well
as variations in population characteristics such as sex, age, health status,
and physical fitness levels. These methodological discrepancies and
diverse study populations may have contributed to the observed het-
erogeneity, underscoring the importance of addressing these issues and
standardizing assessment procedures in future research to improve
comparability and strengthen the robustness of the conclusions. Further,
our review only included studies published in English, which could lead
to missing information from publications in other languages. It should
be noted that the observational design of the included studies, while
useful for identifying associations and generating hypotheses, has
intrinsic limitations. One major limitation is its inability to establish
causal relationships between observed variables. Future research should
prioritize experimental and longitudinal designs to better understand
causal relationships and mitigate the influence of confounding variables.

5. Conclusion

This systematic review and meta-analyses underscore the impor-
tance of evaluating lower body muscle strength as a predictor of overall
health in youth. The inverse association between muscular strength and
adiposity status, coupled with a positive effect on the cardiometabolic
profile, suggests that enhancing lower body muscular strength may be
crucial in predicting, from an early age, diseases like obesity and
metabolic syndrome. While a direct association between lower body
muscular strength and bone mass was not found, lean mass, directly
influenced by skeletal muscle, remains a significant predictor of bone
health. These findings support the importance of conducting future
longitudinal and experimental studies to deepen our understanding of
how lower body muscular strength impacts the health of children and
adolescents over time. These additional studies will allow us to address
specific aspects and establish stronger cause-and-effect relationships.
Thereby, our results reaffirm the assessment of lower body muscular
strength/power through easy and accurate field tests, such as jump tests,
as well as lending support to current guidelines recommending regular
engagement in muscle-strengthening physical activities for youth.
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