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Abstract
Background: Resistance training is a known method for weight reduction, but in apparently healthy
adolescents the effects on health aspects are not clear.

Aims: Was to analyze the relationship between resistance training (RT) and body composition in
adolescents over a 12-month follow-up.

Methods: Longitudinal study conducted at a public university in Presidente Prudente, SP, Brazil. Data
from a study entitled the “ABCD- Growth Study” were used. The sample consisted of 190 adolescents of
both sexes from schools (public and private) and sports clubs in Presidente Prudente, Brazil, divided into
3 groups according to RT practice: non-engagement (n=121), irregular engagement (n=44), and frequent
engagement (n=25). Engagement in RT was assessed by face-to-face interviews. The bone mineral
density (BMD), lean soft tissue (LST), and body fatness (BF) were analyzed using dual-energy x-ray
absorptiometry (DXA). All data analyses were performed using BioEstat statistical software (version 5.0)
and the statistical signi�cance was set at 5% (p-value <0.05).

Results: After 12-months of follow-up, adolescents frequently engaged in RT presented higher gains in
LST (6.160 kg [3.727 to 8.593]) and BMD-upper limbs (0.096 g/cm2 [0.072 to 0.121]) when compared to
adolescents who were not engaged in RT (2.452 kg  [1.461 to 3.442] and 0.096 g/cm2 [0.072 to 0.121],
respectively). Findings were more consistent for boys than girls.

Conclusion: Regular engagement in RT seems to be related to higher gains in muscle mass and bone
density, especially among boys.

Introduction
Resistance training (RT) refers to a method of physical training that involves the progressive use of
resistive loads, targeting improvements in muscle �tness. [1] In terms of how RT can be performed, the
use of free weights, machines, elastic bands, and weight-bearing exercises are common. [2] RT is widely
practiced among adults and there is a solid scienti�c base supporting its used in this age group. [3]
However, in pediatric groups, some aspects of the practice of RT remain controversial.[4]

Some time ago, the safety of RT for pediatric groups was questioned, mainly due to its potentially
harmful impact on physical growth. [5] When improperly prescribed, RT, like any other kind of physical
training, may lead to muscle, bone, and joint injuries and one of the major detrimental factors associated
with intense, non-exclusive training is inhibition of the GH-IGF-1 axis, which may compromise the
longitudinal growth of children and adolescents. [6] On the other hand, when respecting the appropriate
volumes and intensities, there are no reported de�cits in stature due to RT, [7, 8], and the risk of injuries is
similar to other physical exercise manifestations. [9] Biological maturation naturally promotes bene�cial
changes in body composition during adolescence (improvement in muscle mass and bone aspects), and
RT may boost these changes [10, 11].
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Based on this background, in recent years, RT has become more popular among adolescents [12, 13] and
its practice has been supported by relevant sports medicine organizations that recognize its positive
impact on many health aspects, such as body composition, the cardiovascular system, lipid pro�le, bone
mineral density, and serum production of IGF-1 growth factor. [14, 15]

However, many of the health bene�ts attributed to RT in pediatric groups are mainly supported by studies
carried out with obese groups, [16] raising doubts about how effective RT is in groups not exclusively
composed of obese adolescents. RT is frequently presented as a way to reduce weight/adiposity in obese
groups, while its relationship with body composition in non-obese adolescents is still unclear [17].

Thus, the objective of this 12-month longitudinal study was to analyze the relationship between
resistance training (RT) and body composition in adolescents over a 12-month follow-up.

Methods

Sample
The cohort study entitled "Analysis of Behaviors of Children During Growth" (ABCD – Growth Study) is an
initiative designed to identify the impact of physical activity/sports participation on different health
aspects of adolescents. The ABCD – Growth Study has been carried out in Presidente Prudente since
2017 (~ 200,000 inhabitants and human development index 0.806; western state of São Paulo, Brazil) by
researchers of the Laboratory of Investigation in Exercise (LIVE) from Sao Paulo State University –
UNESP, the campus of Presidente Prudente. The ethics committee of UNESP approved the study (process
number 1.677.938/2016), and parents/guardians and adolescents signed the written consent form.

More details about the sampling process can be found elsewhere. [18–21] In brief, at baseline,
researchers contacted school units and sports clubs spread across the metropolitan region of the city to
request authorization to contact adolescents; 11 of the units contacted granted access to the
adolescents. In the �rst contact with the adolescents, researchers explained all the aims and inclusion
criteria of the cohort study and written consent forms were delivered to those ones who reported ful�lling
all inclusion criteria. The inclusion criteria adopted were: 1) 11–18 years old, 2) parents' consent form
signed, 3) if contacted in a sports club, at least one year of training experience in order to characterize
consistent engagement; if contacted in a school unit, at least one year without the regular practice of
sport or exercise; and 4) absence of orthopedic disease, limiting physical activity.

In the second contact, the researchers collected the signed consent forms. The researchers contacted
only adolescents who returned the signed consent form, by phone, to schedule interviews at the university
facilities. Baseline data collection was performed at LIVE in 2017, and follow-up data collection in 2018.
In 2017, 285 adolescents started the cohort study and the researchers followed them during the entire
year. Due to exclusions (n = 95 [did not wish to take part, did not participate in all measurements, and
moved to another city]), in 2018 the measurements involved 190 adolescents (Fig. 1).



Page 5/17

Body Composition Aspects
Bone mineral density (BMD, g/cm²), lean soft tissue (LST, kg), and body fatness (percentage values [%])
were measured at the university laboratory in a temperature-controlled room using dual-energy x-ray
absorptiometry (Lunar DPX-NT; General Electric Healthcare, Little Chalfont, Buckinghamshire, UK) with GE
Medical System Lunar software (version 4.7). A trained researcher performed all scans and tested the
scanner quality before the �rst exam of each day. The coe�cient of variation for this device was 0.66%
(in whole-body BMD analysis, n = 30 participants not involved in this study), de�ning the regions of
interest (ROIs) as the extremities (upper limbs, lower limbs, and spine) as suggested by the General
Electric Healthcare company and reported in previous studies. [22–24] The scans were performed using a
standardized protocol with the participants remaining in the supine position and wearing only light
clothing. Regional analysis for BMD of upper limbs, lower limbs, spine, and whole body (less the head)
occurred off-line after the scans had been performed.

Absorptiometry scans were performed twice in this study (baseline and follow-up), and the outcomes
considered were the absolute change (subtraction of baseline values from follow-up values) in LST
(whole-body and upper limbs), body fatness (whole-body), and BMD (upper limbs, lower limbs, spine, and
whole-body less head).

Resistance Training
The RT (strength training, weight-bearing, circuit-based exercise, etc.) engagement was assessed by face-
to-face interview at both baseline and follow-up. Researchers interviewed the adolescents about their
current engagement in RT (yes or no), previous time of engagement (months), and weekly frequency
(days). Considering the responses, three groups were created for this manuscript. The �rst, denominated
“non-engagement” (n = 121 [boys n = 90 and girls n = 31]) included adolescents who did not report any
engagement in RT at either collection moment. The second group was denominated “Irregular
engagement” (n = 44 [boys n = 26 and girls n = 18]), composed of adolescents who reported RT practice at
only one of the moments, either baseline or the 12-month follow-up (n = 30 quit RT between baseline and
follow-up and n = 14 started RT between baseline and follow-up). The third group, denominated “Frequent
engagement” (n = 25 [boys n = 14 and girls n = 11]), was composed of adolescents who reported RT
practice at both collection moments.

Covariates
Sex (boys/girls), chronological age (years), supplementation use, skipping breakfast, previous time of
engagement in RT, and somatic maturation were the main covariates considered in this manuscript. Sex,
chronological age, previous time of engagement in RT (in months), skipping breakfast (number of days
per week skipping the meal [categorized as no days and at least one day]), and use of any nutritional
supplement (categorized as none, weight loss, and muscle mass gain) were assessed at baseline during
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the face-to-face interview. Somatic maturation was estimated by the peak of height velocity (PHV),
through mathematical models based on anthropometric measurements proposed by Mirdwald et al.[25]
The equations indicate the time in years to reach maximum height.

Baseline values of the outcome were used as covariates due to their impact on the changes over time. In
the multivariate models considering BMD outcomes (whole-body, spine, upper and lower limbs), the LST
at baseline of the respective body segment was considered an additional covariate.

Statistical analysis
Descriptive statistics are composed of mean values, standard-deviation values, and 95% con�dence
intervals (95%CI). The Pearson correlation was used to assess the relationship between RT parameters
(previous time of practice and days training per week) and changes in body composition aspects.
Dependent variables were treated as absolute changes (Δ), while comparisons according to the different
patterns of engagement in RT were performed through analysis of variance (ANOVA). Mean comparisons
that were statistically signi�cant in the ANOVA were rerun on multivariate models based on analysis of
covariance (ANCOVA), controlled by covariates (post-hoc tests were Tukey and Bonferroni, respectively).
The multivariate models considered the overall sample, and strati�ed by sex. Levene’s test identi�ed
goodness-of-�t parameters in the multivariate ANCOVA models. All data analysis was conducted using
the statistical software BioEstat (version 5.0) and the signi�cance level (p-value) was set at < 0.05.

Results
Adolescents who reported maintained engagement in RT during all periods analyzed were older and more
mature than those who reported no engagement in RT during the study (Table 1). RT was related to higher
BMD. The group of irregular engagement reported an average time of previous practice of 3.2 months
(9.1% with more than 6 months) and the frequently engaged group reported 12.1 months of previous
practice (44% with more than six months) (Mann-Whitney’s test with p-value = 0.001). The number of
days of practice per week was also higher in the group frequently engaged in RT than in the irregularly
engaged group (2.8 days versus 0.9 days; Mann-Whitney’s test with p-value = 0.001).
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Table 1
General characteristics of the sample at baseline strati�ed by the engagement in resistance training (n = 

190; ABCD Growth Study, 2017–2018).

  Resistance Training Engagement  

  Non-engagement

(n = 121)

Irregular

(n = 44)

Frequent

(n = 25)

ANOVA

Variables Mean (SD) Mean (SD) Mean (SD) p-value

Baseline        

Boys / Girls 90 / 31 27 / 17 14 / 11 ---

Age (year) 14.3 (2.2) 15.1 (1.8) 15.4 (1.8)a 0.026

Body weight (kg) 57.4 (15.6) 57.5 (11.9) 62.2 (12.3) 0.315

Height (cm) 165.8 (12.3) 167.5 (9.6) 169.8 (8.3) 0.255

Body fatness (%) 23.1 (11.7) 20.5 (10.5) 20.2 (7.8) 0.275

LST (kg) 41.1 (10.1) 43.8 (10.5) 43.2 (13.3) 0.277

Maturity offset (year) 0.8 (1.7) 1.5 (1.3) 2.3 (1.5)a 0.001

BMD (g/cm2)        

Upper limbs 0.782 (0.108) 0.827 (0.118) 0.843 (0.135)a 0.013

Lower limbs 1.207 (0.146) 1.282 (0.179)a 1.281 (0.152) 0.008

Spine 1.013 (0.149) 1.090 (0.148)a 1.127 (0.154)a 0.001

Whole body 1.098 (0.111) 1.164 (0.129)a 1.165 (0.122)a 0.001

Categorical data        

Supplementation (yes) 9.9% 11.4% 40.1% 0.001

Breakfast (skipping) 62.8% 40.9% 48.1% 0.034

Obesity* 36.4% 27.3% 20.1% 0.077

*= body fatness ≥ 30% and ≥ 25% for girls and boys, respectively; SD = standard deviation; RT = 
resistance training; ANOVA = analysis of variance; LST = lean soft tissue; PHV = peak of height
velocity; BMD = bone mineral density; a = denotes statistical signi�cance < 0.05 compared to No
Resistance Training Engagement (Tukey’s post-hoc test).

In general, after 12 months there was no signi�cant change in body fatness (p-value = 0.630). LST
increased in all groups, but with a higher magnitude and signi�cance (p-value = 0.012) in the group of
adolescents who maintained engagement in RT during all periods (6.5 kg [95%CI: 1.1 to 11.3]) compared
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to adolescents irregularly engaged (2.2 kg [95%CI: 0.3 to 4.1]) and non-engaged in RT (2.8 kg [95%CI: 2.1
to 3.5]).

All BMD variables increased in all groups, except for the spine (Table 2). Changes in LST were
signi�cantly related to the number of days per week practicing RT at baseline (r = 0.164; p-value = 0.024),
while bone accrual in upper limbs was related to the previous time of engagement (r = 0.160; p-value = 
0.027). Changes in body fatness were not related to the previous time of engagement or the number of
days per week practicing RT.

Table 2
Changes after 12-months in body composition aspects in adolescents according to engagement in

resistance training (n = 190; ABCD Growth Study, 2017–2018).

  Pattern of engagement in resistance training  

  Non-engagement (n 
= 121)

Irregular (n = 44) Frequent (n = 25) ANOVA

Independent
variables

Mean (95%CI) Mean (95%CI) Mean (95%CI) p-value

Absolute change (Δ)        

Body fatness (%) -0.400 (-1.465 to
0.665)

0.558 (-1.059 to
2.176)

-0.192 (-2.099 to
1.715)

0.630

LST (kg) 2.809 (2.061 to
3.558)

2.279 (0.398 to
4.160)

6.551 (1.171 to
11.390)a,b

0.012

BMD-Upper
limbs(g/cm2)

0.049 (0.039 to
0.060)

0.048 (0.026 to
0.071)

0.093 (0.066 to
0.121)a,b

0.005

BMD-Lower
limbs(g/cm2)

0.050 (0.038 to
0.062)

0.051 (0.026 to
0.075)

0.066 (0.028 to
0.104)

0.592

BMD-Spine(g/cm2) 0.005 (-0.005 to
0.017)

-0.006 (-0.036 to
0.022)

0.003 (-0.034 to
0.040)

0.647

BMD-Whole
body(g/cm2)

0.037 (0.028 to
0.046)

0.031 (0.011 to
0.050)

0.056 (0.031 to
0.081)

0.161

95%CI = 95% con�dence interval; ANOVA = analysis of variance; LST = lean soft tissue; BMD = bone
mineral density; a = denotes statistical signi�cance < 0.05 compared to No Resistance Training
Engagement (Tukey’s post-hoc test); b = denotes statistical signi�cance < 0.05 compared to Irregular
Resistance Training Engagement (Tukey’s post-hoc test).

Due to signi�cant ANOVA results, two multivariate models in ANCOVA were created for LST and BMD-
upper limbs (Table 3). Even after adjustment for potential confounders, frequent engagement in RT
signi�cantly affected the absolute changes in LST compared to non-engagement and irregular
engagement groups; explaining 3.9% of all variance into these gains. In this model, sex (19.2%; p-value = 
0.001), age (4.9%; p-value = 0.003), and maturation (6.2%; p-value = 0.001) also explained a signi�cant
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amount of the changes in LST. Similarly, in the models adjusted for BMD-upper limbs, frequent
engagement in RT signi�cantly affected bone accrual, explaining 6.6% of all variances in these gains. In
this model, sex (3.8%; p-value = 0.009) and changes in LST of upper limbs (3.7%; p-value = 0.010), also
explained a signi�cant amount of the changes in BMD-upper limbs.
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Table 3
Changes after 12-months in lean soft tissue and bone density in adolescents according to engagement in

resistance training (n = 190; ABCD Growth Study, 2017–2018).

  Resistance Training Engagement  

  Non-engagement
(n = 121)

Irregular (n = 44) Frequent (n = 25) ANCOVA

Independent variables Mean (95%CI) Mean (95%CI) Mean (95%CI) p-value
(ES-r)

Absolute change (Δ)        

Model – 1        

LST (kg) overall 2.452 (1.461 to
3.442)

3.476 (1.844 to
5.107)

6.160 (3.727 to
8.593) a

0.031
(0.039)

LST (kg) Boys (n=90 / n=26 /

n=14)

2.718 (1.632 to
3.805)

4.608 (2.625 to
6.591)

8.500 (5.407 to
11.594)a

0.003
(0.090)

LST (kg) Girls (n= 31/ n=18/

n=11)

1.914 (0.519 to
3.308)

1.479 (-0.393 to
3.350)

2.771 (0.206 to
5.336)

0.721
(0.013)

Model – 2        

BMD* (g/cm2) overall
0.046 (0.036 to
0.056)

0.057 (0.040 to
0.073)

0.096 (0.072 to
0.121)a,b

0.002
(0.066)

BMD* (g/cm2) Boys (n=90 /

n=26 / n=14)

0.049 (0.036 to
0.061)

0.073 (0.051 to
0.096)

0.112 (0.077 to
0.146)a

0.003
(0.091)

BMD* (g/cm2) Girls (n= 31/

n=18/ n=11)

0.035 (0.017 to
0.054)

0.031 (.007 to
0.055)

0.082 (0.047 to
0.116)

0.053
(0.113)

95%CI = 95% con�dence interval; ANCOVA = analysis of covariance; LST = lean soft tissue; BMD = 
bone mineral density; ES-r = eta-squared; *= BMD-Upper limbs; a = denotes statistical signi�cance < 
0.05 compared to No Resistance Training Engagement (Tukey’s post-hoc test); b = denotes statistical
signi�cance < 0.05 compared to Irregular Resistance Training Engagement (Tukey’s post-hoc test).

Model – 1: adjusted by age (p-value = 0.003 and ES-r = 0.049 [4.9%]), sex (p-value = 0.001 and ES-r = 
0.192 [19.2%]), maturity offset (p-value = 0.001 and ES-r = 0.062 [6.2%]), supplement use (p-value = 
0.329 and ES-r = 0.005 [0.5%]), previous time of engagement in RT (p-value = 0.393 and ES-r = 0.004
[0.4%]), skipping breakfast (p-value = 0.564 and ES-r = 0.002 [0.2%]) and LST at baseline (p-value = 
0.001 and ES-r = 0.237 [23.7%]).

Model – 2: adjusted by age (p-value = 0.226 and ES-r = 0.008 [0.8%]), sex (p-value = 0.009 and ES-r = 
0.038 [3.8%]), maturity offset (p-value = 0.172 and ES-r = 0.011 [1.1%]), supplement use (p-value = 
0.631 and ES-r = 0.001 [0.1%]), previous time of engagement in RT (p-value = 0.132 and ES-r = 0.013
[1.3%]), skipping breakfast (p-value = 0.486 and ES-r = 0.003 [0.3%]), BMD-Upper limbs at baseline (p-
value = 0.001 and ES-r = 0.178 [17.8%]) and changes in LST-Upper limbs (p-value = 0.010 and ES-r = 
0.037 [3.7%]).



Page 11/17

In the models strati�ed by sex, it is possible to identify signi�cant �ndings for boys in both outcomes,
while for girls, only a slightly signi�cant result was found for BMD-upper limbs.

Discussion
This longitudinal study analyzed changes in bone density, body fatness, and muscle mass of
adolescents according to engagement in RT. The main �ndings indicate that regular engagement in RT
seems to be related to higher muscle mass, as well as to bone density in the upper limbs, mainly in boys.

The literature already shows that RT when properly prescribed does not impair physical growth in
pediatric populations (especially in obese populations) and many studies have analyzed the impact of
this training modality on metabolic, bone, and body composition variables in children and adolescents.
[26–28] Our �ndings agree with the recent literature, indicating that adolescents with frequent
engagement in RT showed higher gains in LST and BMD compared to adolescents not engaged in RT.
Our results might be explained by the fact that RT produces traction in the muscle during contraction and
stresses the load, leading to bone strengthening,[29–31] in addition to muscle hypertrophy (increases in
muscle cross-sectional area), neurological adaptations (increased neuromotor unit recruitment), and
increased muscle strength (changes in �ber-type composition). [29, 32–34]

Moreover, it is known that LST is positively related to BMD due to the fact that muscle contractions
(during exercise) generate stress in the bone matrix and increase the recruitment of bone formation cells
(osteoblasts), stimulating the expansion of the periosteum layer and collagen �bers (mechanistic theory).
[35, 36] Thus, it can be stated that the increase in lean soft tissue is positively related to the increase in
BMD. Moreover, weight-bearing activities generate compressive forces in the bones (mainly in growth
plates), which, as well as the stress caused in the bone matrix by muscle contractions, are bene�cial for
the development of bone tissue and the expansion of cortical bones. [36–38]

Lastly, RT is an important manifestation of physical exercise in children and adolescents and is able to
develop muscle strength and motor skills.[38, 39] The development of these components is extremely
important for the adolescent to remain active during life. According to Faigenaum et al.[29] there is a
cascade of health consequences, from low muscle strength and low motor skills, which are related to
increased sedentary behavior, increased risk factors, and ultimately increased adverse health outcomes,
such as the development of chronic diseases.[34] This leads to speculation that the practice of resistance
training during childhood and adolescence has bene�ts not only to body composition and metabolic
variables, but also to increased physical activity during life and a decreased risk of developing diseases
in adulthood, and so it should be encouraged by parents and professionals along with the classes of
physical education in the schools. [29, 39, 40]

Limitations need to be highlighted. Despite adjustment for somatic maturation, differences between
maturational stages need to be considered in body composition variables and further studies should be
encouraged which compare adolescents with the same maturational stage, as well as controlling the
models by relevant anabolic hormones, such as growth hormone and IGF-1. [32] In addition, the way RT
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was reported by the adolescents offers limited data about the components of the training (volume,
intensity, and overload), as the adolescents only reported the practice, not details about the training
routine. It is known that different training periodizations can cause different responses in physiological,
metabolic, and body composition variables. Finally, a longer follow-up period may show signi�cant
results in bone mineral density of other body segments (not only upper limbs) and should be encouraged
in further research.

Conclusion
In summary, regular engagement in RT seems to be related to higher gains in muscle mass and bone
density among adolescents, especially among boys.
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Figure 1

Flowchart of ABCD Growth Study (2017/2018)


