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Abstract

Background No previous systematic review has quantitatively examined the association between muscular fitness during
childhood and adolescence and health parameters later in life.

Objective The aim was to systematically review and meta-analyze the current evidence for a prospective association between
muscular fitness in childhood and adolescence and future health status.

Methods Two authors systematically searched MEDLINE, EMBASE and SPORTDiscus electronic databases and conducted
manual searching of reference lists of selected articles. Relevant articles were identified by the following criteria: apparently
healthy children and adolescents aged 3—18 years with muscular fitness assessed at baseline (e.g., handgrip, standing long
jump, sit-ups, among others), and a follow-up period of > 1 year. The outcome measures were anthropometric and adiposity
measurements and cardiometabolic, bone and musculoskeletal health parameters. Two authors independently extracted data.
Results Thirty studies were included in the meta-analysis, yielding a total of 21,686 participants. The meta-analysis found
a significant, moderate-large (p < 0.05) effect size between muscular fitness at baseline and body mass index (r=—0.14;
95% confidence interval (CI) —0.21 to —0.07), skinfold thickness (r=—0.32; 95% CI — 0.40 to —0.23), homeostasis model
assessment estimated insulin resistance (r=—0.10; 95% CI —0.16 to — 0.05), triglycerides (r=—0.22; 95% CI —0.30 to
—0.13), cardiovascular disease risk score (r=—0.29; 95% CI —0.39 to —0.18), and bone mineral density (r=0.166; 95%
CI 0.086 to 0.243) at follow-up.

Conclusion A prospective negative association was observed between muscular fitness in childhood/adolescence and adipos-
ity and cardiometabolic parameters in later life, together with a positive association for bone health. There is inconclusive
evidence for low back pain benefits.
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1 Introduction

Physical fitness in childhood and adolescence is considered
an important health indicator [1]. The fitness components that
have been shown to directly relate to improvements in health
include cardiorespiratory fitness (CRF), muscular fitness, local
muscular endurance, and body composition [2, 3]. Specifically,
muscular fitness is an important marker of health throughout
life [1], and a valuable indicator for monitoring child [4] and
adolescent health [5]. The World Health Organization and
the United States Department of Health and Human Services
support the promotion of muscle-strengthening activities in
addition to aerobic activity as part of their physical activity
guidelines for children and adolescents [6, 7]. In spite of this,
however, recent evidence indicates that the muscular fitness
levels of school-age youth are decreasing [8, 9], and it has been
proposed that monitoring temporal trends in muscular fitness
could support the development of health-promotion strategies.

Low muscular fitness is recognized as a strong marker of
poor metabolic profile during childhood and adolescence and
is associated with several non-communicable diseases [1], and
also with mortality in adulthood [10]. Indeed, several cross-
sectional studies support a strong inverse relationship between
low muscular fitness and cardiovascular disease (CVD) risk
factors and metabolic syndrome in young people [5, 11].
Observational studies have shown that youth with low levels
of muscular fitness are at increased risk of maintaining a low
muscular fitness level into adulthood [12]. Despite these recent
findings, the importance of muscle fitness and its association
with future health is less clear. A previous systematic review
by Ruiz et al. [3] found that muscular fitness is strongly asso-
ciated with overall adiposity, but also found inconclusive evi-
dence for cardiometabolic outcomes. In a similar vein, another
systematic review reported a strong association between mus-
cular fitness, total and central adiposity, cardiometabolic out-
comes and bone health among youth [13]; however, this study
included cross-sectional and longitudinal data.

Although there have been reviews of the benefits of health-
related fitness in youth [3, 13], to our knowledge, no previ-
ous systematic review has quantitatively examined (meta-
analyzed) the association between muscular fitness during
childhood and adolescence and health parameters later in life.
Therefore, our aim was to systematically review and meta-
analyze the current evidence for a prospective association
between muscular fitness in childhood and adolescence and
future health status.
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2 Methods

A systematic review and meta-analysis was conducted fol-
lowing the guidelines of the Cochrane Collaboration [14].
Findings were reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) [15]. The review was registered in PROSPERO
(registration number: CRD42018111352).

2.1 Search Strategy

Two authors (AG-H and RR-C) systematically searched
MEDLINE, EMBASE, and SPORTDiscus electronic data-
bases from inception until 1 October 2018 (Electronic Sup-
plementary Material (ESM) Appendix S1). The following
terms were used: ‘muscles’ OR ‘muscle strength’ OR ‘mus-
cular fitness’ OR ‘muscular’ OR ‘strength” AND ‘longitudi-
nal’ OR ‘prospective’. Searching was restricted to published
articles in the English language.

2.2 Selection Criteria

The a priori inclusion criteria for this meta-analysis were
as follows: (1) exposure: muscular fitness measured using
a muscular fitness test (e.g., handgrip, standing long jump,
sit-ups, etc.) and assessed at baseline; (2) participants: gen-
erally healthy population and at baseline were aged 3 up
to 18 years (mean age); and (3) study design: prospective
cohort studies with a follow-up period of > 1 year. The out-
comes measures included were classified into the following
four categories: (1) anthropometric and adiposity parame-
ters; (2) cardiometabolic parameters; (3) bone health param-
eters; and (4) musculoskeletal parameters. By protocol, we
did not restrict inclusion to a specific primary or secondary
outcome. Two authors (AG-H and RR-C) independently
assessed the electronic search results. When an article title
seemed relevant, the abstract was reviewed for eligibility.
When more information was required, the full text of the
article was retrieved and appraised. Any differences in the
assessments between the two authors were discussed and,
if necessary, a third author was involved in decision mak-
ing (MI). Reasons for exclusion of identified articles were
recorded in all cases.

2.3 Data Collection Process and Data Items

Two authors (AG-H and RR-C) independently extracted data
including the following information: the first author’s name,
year of publication, enrollment year, duration of follow-up,
study location, sample size, age at baseline examination,
results, adjusted variables, method of muscular fitness
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assessment, and outcome of interest and number of cases.
The outcome measures were as follows: body mass index
(BMI), waist circumference (WC), body fat, waist—height
ratio, waist-to-hip ratio, skinfold thickness, total cholesterol,
high-density lipoprotein cholesterol (HDL-C), triglycerides,
fasting glucose, fasting insulin, homeostatic model assess-
ment-insulin resistance (HOMA-IR) index, HOMA-beta cell
function (HOMA-P), blood pressure, metabolic syndrome,
bone mineral density (BMD), bone mineral content (BMC),
tension neck, knee injury and low back pain (LBP) (Table 1).
When there was insufficient information, the respective cor-
responding author was contacted [16—19].

2.4 Risk of Bias in Individual Studies

An assessment of risk of bias in selected studies was made
using an adjusted format of the Newcastle—Ottawa quality
assessment scale [20] by two authors (AG-H and RR-C)
independently. This scale contains eight items categorized
into three domains (selection, comparability, and exposure).
A star system is used to enable semi-quantitative assessment
of study quality, such that the highest quality studies are
awarded a maximum of one star per item with the exception
of the comparability domain, which allows allocating two
stars. Thus, the scores ranged from zero to nine stars.

2.5 Summary Measures

Meta-analyses were conducted if at least three studies
provided effect sizes for the same health parameter [21].
Two types of effect size estimates were reported: the main
meta-analysis was based on correlation coefficients (r) as a
well-known effect size estimate, and the secondary analy-
sis reported pooled odds ratio (OR). Several of the studies
used multivariate linear regression, and so we converted the
unstandardized regression coefficients (/) to » with a series
of transformations [22, 23]. Detailed description of the basic
input data is available in ESM Appendix S2. Correlation
coefficients and ORs were entered along with the corre-
sponding standard errors or sample size, and the software
was set to produce pooled r or with 95% confidence interval
(CI) using random effects models. The likelihood approach
with random effects was used to better account for the inac-
curacy in the estimate of between-study variance [24]. The
pooled effect size for r was classified as small (<0.1), mod-
erate (0.1-0.29) or large (>0.30) [25]. All analyses were car-
ried out using the Comprehensive Meta-Analysis program
(version 2; Biostat, Englewood, NJ, USA).

2.6 Synthesis of Results

The percentage of total variation across the studies due
to heterogeneity (Cochran’s Q-statistic) [26] was used to

calculate the I? statistics, considering I? values of <25%,
25-75%, and > 75% as small, moderate, and high heteroge-
neity, respectively [26, 27]. Sensitivity analyses were con-
ducted to assess the robustness of the summary estimates in
order to determine whether a particular study accounted for
the heterogeneity. Thus, each study was deleted from the
model once in order to analyze the influence of each study
on the overall results.

2.7 Risk of Bias Across Studies

Small-study effects bias was assessed using the extended
Egger’s test [28].

2.8 Additional Analysis

We examined potential sources of heterogeneity including
sex, muscular fitness constructs (endurance or strength), and
time for assessment at follow-up (childhood/adolescence or
adulthood) by stratifying meta-analyses by each of these
factors. A p value of <0.05 was considered a threshold for
statistical significance.

3 Results
3.1 Study Selection

The electronic search strategy retrieved 4112 articles. After
removal of duplicate references, and screening of titles and
abstracts, we excluded 3884 articles. Of the remaining 228
articles, and after full-text screening and checking the refer-
ence lists of included studies and previous reviews for addi-
tional relevant articles, a total of 59 studies were read in
full. The reasons for exclusion based on full text were (1)
inappropriate outcome measurement (18 articles); (2) inap-
propriate study population (10 articles); and (3) inappropri-
ate study design (1 article) (ESM Appendix S3). Finally, 30
studies met all the inclusion criteria and were included in the
systematic review, and of these, 26 studies were included in
the meta-analysis (Fig. 1).

3.2 Study Characteristics

Table 1 summarizes the characteristics of the 30 included
studies in the systematic review [17-19, 29-54]. The 30
studies included 21,686 participants, with sample sizes
ranging from 36 [31] to 6297 [43]. Participants included
only boys [33], only girls [31, 51] or both [17-19, 28, 32,
34-54] sexes. Most studies involved adolescents at baseline
(=13 years [17-19, 29-34, 38, 39, 42, 45, 46, 48-50, 53,
54]). In four studies [40, 41, 44, 52], the mean age of the
included participants at baseline was 12 years or younger;
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these were considered children. In the nine remaining studies
[16, 35-38, 43, 47, 51, 55], both children and adolescents
were included. The length of follow-up ranged from 1 year
[34, 43] to 27 years [33] (mean 8.6 years).

3.3 Muscular Fitness Measurement

Muscular fitness was measured in a variety of ways
(Table 1). Most of the studies assessed muscular endurance
using the following tests: sit-ups test [19, 32-34, 38, 40,
43-45, 49], bent arm hang test [19, 38, 40, 43, 46], pull-ups
test [33, 40, 43, 44], push-ups test [16, 33, 37], and the back
muscle endurance test [47, 49, 50]. Other studies assessed
muscular strength using the handgrip strength test [23, 29,
32,33,37,38,41, 52, 54] and the standing long jump (SLJ)
test [19, 29, 37, 38, 52, 54]. Finally, six studies used a mus-
cular fitness score [17, 18, 29, 36, 39, 42] and other tests
different from those mentioned.

3.4 Risk of Bias Within Studies

All 30 studies met at least five Newcastle—Ottawa quality
assessment scale criteria and were considered to have mod-
erate methodological quality. The average score was 6.3/9.0
(ESM Appendix S4).

3.5 Meta-Analysis

Table 2 shows the synthesis of results and subgroup analy-
sis. Forest plots are shown in ESM Appendix S5. BMI at
follow-up was related to muscular fitness at baseline with
a moderate effect size (r=—0.14; 95% CI —0.21 to —0.07,
p<0.001; P= 27.04); similar results were obtained when
analyzing muscular endurance tests (BMI: r=—-0.14; 95%
CI —0.22 to —0.07, p <0.001; I*=0%). Skinfold thick-
ness was also related to muscular fitness at baseline with
a large effect size (r=—-0.32; 95% CI —0.40 to —0.23;
p<0.001; =81 .15%), and showed similar results in boys
and girls. The effect sizes were higher when analyzing mus-
cular endurance tests (r=—20.34; 95% CI —0.45 to —0.22;
p<0.001; = 82.33%), strength tests (r=—0.41; 95% CI
—0.50t0 —0.31; p<0.001; =76. 14%), and analyzing only
studies that included the assessment in childhood.
Regarding cardiometabolic parameters, HOMA-IR
(r=-0.10;95% CI —0.16 to —0.05; p <0.001; ?=67.12%),
triglycerides (r=—0.22; 95% CI —0.30 to —0.13; p <0.001;
I*=74.41%), and CVD risk score (r=—0.29; 95% CI —0.39
to —0.18; p<0.001; 12=84.56%) at follow-up showed a
moderate relationship with muscular fitness at baseline.
BMD at follow-up was related to muscular fitness at base-
line with a medium effect size (r=0.17; 95% CI 0.09-0.24;
p<0.001) and low heterogeneity (/>=24.92%). The effect
sizes were slightly higher when we analyzed only girls and
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muscular endurance tests (girls: r = 0.24; 95% CI 0.09-0.38;
p=0.002; I>=33.06%; muscular endurance tests: r=0.20;
95% CI1 0.10-0.29; p<0.001; I>=0%). However, analyz-
ing only studies that included the assessment at adult-
hood, the relationship decreased slightly and the hetero-
geneity increased (r=0.12; 95% CI 0.05-0.19; p=0.001;
P=173.63%).

Finally, muscular fitness was not significantly related to
other musculoskeletal parameters (Table 2).

3.6 Publication Bias and Sensitivity Analysis

Egger’s linear regression tests provided evidence that there
was no indication of study bias. In the sensitivity analysis,

A\ Adis

with each study deleted from the model once, the results
remained consistent across all deletions.

4 Discussion

We here summarize the evidence for a prospective rela-
tionship between muscular fitness and health parameters in
youth. The evidence for a prospective association between
muscular fitness at baseline and lower BMI, skinfold thick-
ness, HOMA-IR, triglycerides, CVD risk score or higher
BMD later in life is consistent, and is supported by the
meta-analysis. Accordingly, muscular fitness should be
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Table 2 Synthesis of results n  r/OR? 95% CI P value P Egger test (p)
Anthropometric and adiposity parameters
Body mass index 3 -0.14  -0.21to0 —-0.07 <0.001 27.04 0.171
Muscular endurance tests 3 -0.14 -0.22to0o —0.07 <0.001 0 0.693
Waist circumference 6 —-0.10 —-0.24t00.04 0.161 95.29 0.891
Upper-body muscular tests 3 -0.07 -0.23t0 0.09 0.393  79.14 0.650
Assessment at adulthood 4 —0.09 —-0.321t00.14 0.449 9490 0.042
Skinfold thickness 5 -032 -040t0-0.23 <0.001 81.15 0.103
Muscular endurance tests 3 -0.34 —0.45t0-0.22 <0.001 82.33 0.173
Strength tests 4 -041 —0.50to —0.31 <0.001 76.14 0.167
Boys 3 -036 —0.49t0-0.21 <0.001 82.17 0.171
Girls 3 -035 -043t0-0.26 <0.001  49.25 0.315
Assessment at childhood 3 —0.40 —0.53to —0.26 <0.001 89.99 <0.001
Overweight/obese 4 094  0.65to0 1.36 0.754  65.04 0.219
Boys 3 0.73  043t01.23 0232 57.26 0.907
Girls 3 1.04 0.61t01.78 0.887 54.49 0.683
Upper-body muscular tests 3 0.71 044to1.14 0.153  54.18 0.152
Assessment at adulthood 3 098 0.53t01.83 0.949  74.09 0.228
Cardiometabolic parameters
Systolic blood pressure 7 —=0.02 -0.05t00.01 0.323  33.79 0.481
Muscular endurance tests 4 -0.01 —0.04 t0 0.02 0.531 9.34 0.048
Assessment at adulthood 3 0.02 —0.09t00.14 0.700  74.68 <0.001
Diastolic blood pressure 5 —-0.05 —0.14t0 0.04 0.268  85.51 0.416
Assessment at adulthood 3 —0.06 —-0.25t00.14 0.571  91.32 0.057
Abnormal blood pressure 3 1.22 0.88t0 1.69 0.228  14.48 0.206
HOMA-IR 4 -010 -0.16t0—-0.05 <0.001 67.12 0.267
Fasting glucose 3 0.02 —-0.05t00.10 0.521  60.54 0.356
Triglycerides 4 -022 -030to—-0.13 <0.001  74.41 0.335
CVD risk score 4 -0.29 —-0.39t0 —0.18 <0.001 84.56 0.057
Bone health
Bone mineral density 4 0.17  0.09 to 0.24 <0.001  24.92 0.075
Girls 3 024  0.09 t0 0.38 0.002  33.06 0.555
Muscular endurance tests 3 0.20 0.10t00.29 <0.001 0 0.056
Strength tests 3 0.21 —0.28 t0 0.42 0.084  69.50 0.560
Assessment at adulthood 4 0.12 0.05 to 0.19 0.001 73.63 0.065
Musculoskeletal disorders
Low back pain 3 1.30 0960 1.75 0.094  55.07 0.176

CI confidence interval, CVD cardiovascular disease, HOMA-IR homeostatic model assessment of insulin

resistance, OR odds ratio

2Non-italicized entries = r values; italicized entries = OR values

developed during childhood and adolescence in order to
promote healthier adiposity, cardiometabolic and bone
health outcomes later in life. The evidence for LBP out-
comes is inconclusive. That said, the results of the present
meta-analysis should be interpreted with caution because
of (1) the variety of tests used to assess muscular fitness
(strength, power or endurance); (2) the outcome meas-
ures; (3) the follow-up time (from 1 year to 25 years); (4)
the age of the participants; and (5) the role of potential
confounders.

4.1 Anthropometric and Adiposity Parameters

Our findings provide evidence of an inverse moderate asso-
ciation between muscular fitness and some anthropometric
parameters (BMI and skinfold thickness) later in life. In
line with the present study, a systematic review published
in 2014 suggested an inverse association between muscular
fitness and adiposity (r=—0.25) [13]; however, this study
included cross-sectional results and, therefore, the associa-
tion is probably bidirectional with increases in fitness or
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adiposity likely to impact on each other. Another system-
atic review gave support to the notion that muscular fit-
ness is highly influenced by body weight in children aged
6-17 years [3], especially with regards to weight-bearing
tests. However, individual studies included in our meta-
analysis have shown that muscular fitness measured both in
absolute terms [38] and relative to body weight [19, 39, 41]
is inversely associated with adiposity later in life. Also, the
effect sizes reported using endurance (push-ups, sit-ups, bent
arm hang, etc.) or strength tests (handgrip, SLJ or vertical
jump) were similar.

The inverse relationship between muscular fitness at base-
line and anthropometric parameters at follow-up may occur
through both physiological and psycho-behavioral mecha-
nisms. For example, higher muscular fitness performance
favors greater participation in physical activity [56], larger
work capacity amongst youth [57], and is hence more enjoy-
able [58]. Also, because skeletal muscle is a highly energetic
tissue that contributes substantially to basal metabolic rate
[59], high muscular fitness levels at baseline may reflect larger
skeletal muscle mass, higher metabolic efficiency of muscle
(i.e., lipid oxidation and glucose transport capacity), or both,
resulting in greater overall daily energy expenditure [60].

The pooled effect size of four studies [18, 30, 42, 43]
revealed a non-significant relationship between low mus-
cular fitness level at baseline and overweight/obesity at
follow-up, also by sex and analyzing only the upper-body
muscular tests. However, Hruby et al. [40] showed, in a large
sample of 2793 American children, that both achieving and
maintaining adequate muscular fitness over a 4-year period
resulted in significantly greater odds of a healthy weight
at 4-year follow-up. By contrast, Barnekow-Bergkvist et al.
[30] reported that higher performance in the bench press
and two-hand lift was associated with greater odds of high
BMI for both males and females at age 34 (20 years later).
Due to the heterogeneity of the results, further investigations
are warranted to clarify the relationship between muscular
fitness in children and future body weight.

4.2 Cardiometabolic Parameters

A low muscular fitness level is recognized as a marker of
poor metabolic profile during childhood and adolescence [5].
In their systematic review, Smith et al. [13] provided strong
evidence for the importance of muscular fitness during child-
hood and adolescence for cardiometabolic risk. Despite indi-
vidual studies demonstrating that muscular fitness during
childhood and adolescence was inversely associated with
cardiometabolic risk/metabolic syndrome (several risk fac-
tors) [18, 48, 52], lipids [18, 42, 52], blood pressure [18, 29,
37], and fasting glucose and insulin [17, 36] in later life, our
pooled analysis revealed only an inverse association between
muscular fitness and HOMA-IR, with a small effect size and
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moderate-high heterogeneity. Because muscle-strengthening
activities are strongly related to gains in muscle strength
in youth [61, 62], these observations support our analysis
and suggest that low muscle fitness is causally related to
development of unfavorable levels of insulin resistance. A
possible mechanism through which high muscular fitness
may influence insulin resistance is by stimulating proteins in
the insulin-signaling cascade [63]. Consistent with this, sev-
eral experimental studies support the biological plausibility
of our findings, suggesting that increased muscular fitness
via resistance training favors increased insulin sensitivity
[64]. For example, Fraser et al. [36] found that muscular
endurance and muscular strength (in males) are associated
with measures of insulin resistance and beta cell function
in adulthood, independent of the CRF phenotype and WC.
These authors also suggested that WC attenuates the associa-
tion between childhood muscular fitness and adult insulin
resistance outcomes, which could explain our findings (i.e.,
we reported an inverse relationship between muscular fitness
and some anthropometric parameters, which in turn may be
related to lower levels of insulin resistance). Therefore, mod-
erate heterogeneity in our results could be due to covariates
included in the analysis.

Although the present meta-analysis did not include
pooled data for metabolic syndrome or cardiometabolic
risk (due to the limited number of studies), several single-
study reports yielded inconclusive results, with a negative
[18, 37, 48] or no [39, 42, 48] significant association with
muscular fitness. In a recent study of 235 American adoles-
cents, Peterson et al. [48] suggested that greater baseline
body-mass—normalized handgrip strength was associated
with both cardiometabolic health maintenance (no risk fac-
tors identified at either time point) and health improvements
(presence of >1 baseline risk factor and fewer or no risk
factors at follow-up) over a 2-year period. By contrast, Jekal
et al. [42] studied 1006 Korean adolescents and reported that
low muscular fitness during adolescence was not related to
metabolic syndrome prevalence 22 years later.

4.3 Bone Health

There is scientific evidence to indicate that childhood may
be the opportune time to build bone mass and enhance bone
structure through participation in weight-bearing physical
activities [65]. The majority of adult bone mass is laid down
before 17 years of age [66] and is determined, to a large
extent, by genetics [67], and also by a number of modifiable
determinants such as physical activity, nutritional factors
[68] and muscular fitness [69]. The findings of our meta-
analysis support the role of muscular fitness during youth
and its association with BMD later in life, with a medium
effect size. Notwithstanding that bone mass is, in part,
racially determined [70], our meta-analysis included youth
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from diverse ethnic groups (Asian and Caucasian) and the
results showed low heterogeneity. Consistent with this, Foley
et al. [35] reported modest but significant beneficial relation-
ships between childhood SLJ and adult quantitative ultra-
sound index. Moreover, two longitudinal studies included
in this systematic review reported an association between
upper- and lower-body strength and BMC [33, 51].

Regarding sub-group analysis, the present findings
reported a slightly higher effect size for upper-body muscu-
lar tests compared with overall pooled results, but there was
no significant association between BMD and lower-body
muscular tests (Table 2). As suggested by Foley et al. [35],
the relationship between childhood and adolescent SLJ and
adult bone mass could be attenuated after adjustment for
adulthood SLJ measure, suggesting that muscular power is
only an important determinant of adult bone mass if sus-
tained into adulthood. Overall, it would seem to be worth-
while to promote exercise combining strength and impact
training (e.g., plyometric training) [71] in growing children
to favor bone mass response [72].

4.4 Musculoskeletal Disorders

Musculoskeletal disorders such as LBP, neck pain and osteo-
arthritis are highly prevalent in the adult population [73].
LBP is among the most commonly reported health problems
in the United States and up to 80% of individuals are expected
to consult their physician about LBP at some point in their
lifetime [74]. In addition, back pain impacts over 100 million
individuals in the US and costs more than US$200 billion per
year due to job absenteeism, medical and legal fees, disability
payments, worker’s compensation, and long-term disability
insurance [75]. When considering muscle strength in youth
as a potential risk factor in the longer term, previous sys-
tematic reviews suggest that its association with future LBP
is relatively unknown [3, 13], despite the fact that strength
training seems to be important for secondary and tertiary
prevention of LBP [76]. Also, Mikkelsson et al. [45] showed
that good flexibility in boys and good endurance strength in
girls may contribute to a decreased risk of neck tension, and
that high endurance in boys may indicate an increased risk of
knee injury. The present meta-analysis reinforces these find-
ings with inconclusive evidence, indicating that low muscular
fitness in childhood and adolescence might not be a predictor
of LBP later in life, together with a moderate heterogeneity
(OR 1.29;95% CI10.96-1.75; p=0.094; > =55.07%). A large
study of 5489 young adult men (mean age 18.2 years) from
Sweden seems to confirm our findings and does not provide
evidence in support of a theoretical model in which low mus-
cle fitness in young adult men is associated with an increased
risk of musculoskeletal pain later in life [77]. Another two
studies included in this systematic review [47, 49] confirm
this non-association. By contrast, the study by Sjolie and

Ljunggren [50] indicated that low lumbar extension strength
may be a risk factor for LBP later in life.

4.5 Strength and Limitations

To the best of our knowledge, this is the first meta-analysis
to provide a quantitative and comprehensive evaluation of
the range of future health parameters associated with mus-
cular fitness during childhood and adolescence. Further-
more, our meta-analysis provides an update of the evidence
reported within earlier reviews [3, 13].

There are some limitations that warrant discussion. First,
the included studies were heterogeneous with respect to
methodology, measurement of muscular strength, outcomes,
length of follow-up, ethnicity, and potential confounders
such as adiposity and CRF, which might explain the incon-
sistent findings. However, only a few pooled parameters
(4/13: WC, skinfold thickness, diastolic blood pressure, and
CVD risk score) in our meta-analysis showed high heteroge-
neity (i.e., *>75%). Second, only two studies adjusted the
outcome variable of interest for baseline values, a key issue
with great implications for the interpretation of the tem-
poral sequence and thus causality [78]. Third, most of the
studies included children and adolescents in their analysis,
and therefore sexual maturation could have affected baseline
muscular fitness [78]. Fourth, due to sample loss, individu-
als examined at follow-up could have been unrepresentative
of those at baseline, which could have led to overestimated
or underestimated associations. Fifth, our pooled analysis
included a variety of tests used to assess muscular fitness
(i.e., strength, power or endurance) and that may lead to
bias; however, the heterogeneity in most of the results was
low-moderate. Finally, only three studies [17, 18, 48] used
‘relative’ muscular fitness (i.e., divided by body mass) to
determine their relationship with health outcomes, and
therefore the association can change and even reverse in
comparison with ‘absolute’ muscular fitness (many weight-
bearing muscular strength tests are correlated with body
mass and/or adiposity) [79].

5 Conclusion

The present results show moderate-large relationships
between muscular fitness in childhood and adolescence and
future levels of BMI, skinfold thickness, HOMA-IR, triglyc-
erides, CVD risk score, and BMD, but evidence for LBP
was unconvincing. Therefore, the early identification and
treatment of youth with low levels of muscular fitness could
improve long-term health outcomes, since the prevention of
chronic diseases should start as early in life as possible. Rec-
ommendations for future research include the exploration of
whether sustained high levels or improving muscular fitness
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in children and adolescents leads to fewer health problems
later in life [19, 29, 39].
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