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Abstract — Aim: To compare bone mass and body composition variables between adolescents engaged in high-impact
sports and adults who were sedentary during early life. Method: A cross-sectional study with 155 participants (64
adolescents and 91 adults) aged between 11 and 50 years old. Among the adults, history of sports was evaluated during
face-to-face interviews, and information regarding the adolescents’ training routines was provided by their coaches.
Body composition was evaluated using Dual Energy X-Ray Absorptiometry which provided data about bone mineral
density (BMD), bone mineral content (BMC), fat mass (FM), and free fat mass (FFM). Results: Adults who engaged
in sports practice during early life had higher values of BMC (ES-r = 0.063), FFM (ES-r = 0.391), and lower values
of FM (ES-r = 0.396) than sedentary adults. Higher values of BMC (ES-r = 0.063) and BMD in lower limbs (ES-r =
0.091) were observed in active adolescents. Adolescents engaged in sports and adults who were sedentary in early life
presented similar values in all bone variables, FM, and FFM. Conclusions: Sports involvement in early life is related
to higher bone mass in adulthood. Adolescents engaged in sports presented similar bone mass to adults who had been
sedentary in early life.
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Introduction

The increased prevalence of osteoporosis in modern society
constitutes a public health problem due to its economic impact
on health care costs and increase of mortality'>3*. Worldwide,
up to 9 million new osteoporotic fractures are expected annually
with approximately 10.9% of the total spending of high-cost

medications being expenses for drugs acting upon bone structure
and mineralization®*. Studies have shown that adult bone mass is
determined by the peak bone mass acquired during childhood
and, mainly, adolescence®.

During an adolescence growth spurt there is a two-year
difference between peak linear growth and peak bone mineral
accrual which, among other consequences, can represent where
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the risk of fracture increases due to the discrepancy between
body size and bone resistance®’. Additionally, peak height veloc-
ity (PHV) is a maturational index of linear growth that denotes
the chronological age at which the peak of height is reached.
Between the four-year range of PHV (-2 years and +2 years),
there is an accretion of approximately 35% of all bone mineral
content (BMC). The apex of bone mass gain occurs commonly
one to two years following PHV.

Since bone mass in adulthood is determined during early
life, habits adopted during childhood and adolescence have the
potential to affect the risk of osteoporosis in the elderly’. During
human growth, the bone remodeling process is a dynamic ac-
tion involving the formation and reabsorption of bone tissue,
which is facilitated by behavioral factors, such as nutrition and
exercise®. In regards to exercise, the skeleton responds posi-
tively to biomechanical forces generated by exercise stimulus,
in which the osteogenic effect is more evident in the bone sites
directly impacted by the activity®!?. For instance, adolescent
males between the ages of 10 and 18 who were engaged in
soccer practice (having a minimum of 3 years of experience in
the sport, training for at least 10 hours per week in the previous
6 months, engaging only in physical training associated with
each sport discipline, and being at a high competitive level) have
higher bone mineral density (BMD) in their proximal femur than
swimmers and the control group with sedentary adolescents!’.
Additionally, tennis players have higher BMD in their dominant
forearm compared to their non-dominant one®.

Scientific research supports that exercise assists BMC when
performed during early life and that benefit is maintained until
adulthood'''2, Furthermore, osteogenic effects of exercise
on bone mass/structure seems to be significantly boosted by
maturational events®. Therefore, it is not clear if the osteogenic
effect, as mechanical overloading in the present study, related
to exercise can overcome the natural curve pattern of BMC that
occurs from adolescence to adulthood.

The purpose of this study was to compare bone mass and
body composition variables between adolescents who had not
reached PHV and were engaged in high-impact sports to adults
who were sedentary during early life. The initial hypothesis
states that, despite the obvious difference in size, bone mass
of active adolescents is similar to adults who were sedentary
during childhood and adolescence.

Methods
Sample

This cross-sectional study is composed of 155 participants,
which included 64 adults and 91 adolescents. Ages ranged
from 30 to 53.6 years’ old among the adults and from 12 to 16.1
years’ old among the adolescents. This population was provided
from two cohort studies conducted in the city of Presidente
Prudente (western region of Sao Paulo State, Brazil) by the
same research group.

The sample of the present study was accessed from two
previous study cohorts developed in the same institution. The
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first cohort was established from October 2013 to October/
November 2014 (baseline measure; n = 190). The inclusion
criteria were: adolescents who were aged 11-17 years and
had no limitation for physical activity; only adolescents with
negative values of PHV were included. The second cohort
was established from August 2013 to August 2014 (baseline
measure; n = 122) and the inclusion criteria were: adults be-
tween the ages of 30 to 50 years’ old, no previous diagnosis
of cardiovascular complications (e.g., stroke, heart attack), no
diabetes complication (amputation or visual problems), and no
limitations for physical activity.

In the first cohort study, 64 adolescents were selected; 39
reported being currently engaged in high-impact sports (soccer,
volleyball, and basketball) and 25 reported being sedentary®s.
The adolescents were gathered in 11 different locations, includ-
ing public or private schools and sport clubs. For the second
cohort study, 91 adults were selected; 33 reported being engaged
in sports during early life (childhood and adolescence) and
58 reported being sedentary. The adults were gathered at the
university and sports clubs located in different geographical
regions of the city.

All procedures (questionnaires and body composition as-
sessments) were performed following the same protocols for
both cohort studies. The Ethical Research Group of Sao Paulo
State University, Presidente Prudente campus, approved both
studies (process number for cohort study one: 31.315/2012
and process number for cohort study two: 173.571/2012) and
all participants, their parents, and coaches signed a written
consent form.

Anthropometrics variables

Body weight was measured using an electronic scale (Filizzola
PL 150 model, Filizzola Ltda, Brazil), and height using a wall-
mounted stadiometer (Sanny model. American Medical of Brazil
Ltda, Brazil). Leg length and sitting-height were also assessed
using standardized techniques. These measurements were used
to calculate PHV,

Body composition variables

The body composition evaluation was performed using Dual
Energy X-Ray Absorptiometry (DXA) (Lunar, DPX-MD model,
USA) software 4.7, which provided data for BMD (g / cm?),
BMC (g), fat mass (FM), and free fat mass (FFM). The test was
performed in a temperature-controlled room with the individuals
remaining in a supine position for approximately 10 minutes
while the body analysis was performed.

Sports practice
For adults, their history of sports was evaluated during a face-

to-face interview comprised of two questions'>'%: “Outside of
school, while you were 7-10 years’ old, did you engage in any
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organized/supervised sports for at least one-year?”” (childhood)
and “Outside of school, while you were 11-17 years’ old, did
you engage in any organized/supervised sports for at least one-
year?” (adolescence).

The adolescents’ practice routines (number of sessions
per week and time spent per day) were provided by their
coaches and the weekly training hours (minutes/week [min /
wk]) were estimated. Additionally, the adolescents reported
the age at which they began practicing the current exercise
for the purpose of calculating the amount of time spent en-
gaged in sports.

Covariates

The following data were obtained and used to adjust the
analyses: (i) gender (male or female); (ii) age (calculated
by birth date); (iii) medicine use (any medicine used for
the treatment of diabetes mellitus, arterial hypertension,
or osteoporosis); (iv) smoking (yes or no); and (v) alcohol
consumption in a normal week (any consumption of alcohol
was identified [yes or no]).

Statistical Analysis

Descriptive statistics were composed of median, mean, inter-
quartile range, standard deviation, and 95% confidence interval
(95% CI). The analysis of covariance (ANCOVA) comparing
the mean differences according to sports in each age group,
controlled by potential confounders (Adults: chronological
age, gender, smoking, alcohol, and medicine use / Adolescents:
chronological age, gender, smoking, alcohol, medicine use,
and somatic maturation) in addition to generated estimated
means and standard errors are presented. Table 3 presents the
ANCOVA comparing means according to sports and age groups
controlled by chronological age, gender, smoking, alcohol,
and medicine use. These analyses were performed in male
and female individuals separately. In all the ANCOVA models,
homogeneity of variance was assessed using Levene’s test. The
measurements of effect size were provided by Eta-Squared
(small effect size: 0.010, medium effect size: 0.060 and large
effect size: 0.140)". Statistical significance (p-value) was set
at p < 0.05 and the statistical software BioEstat (version 5.0)
was used to perform all analyses.

Results

The sample characterization involving the 155 participants
from all groups is presented in Table 1 and represents information
about age and body composition variables, and for adolescents,
PHYV and sports practice information is also included.

After controlling for potential confounders, adults engaged
in sports during early life had higher values of BMC (medium
effect size; ES-r = 0.063), FFM (large effect size; ES-r =
0.391), and lower values of body fatness (large effect size;
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ES-r=0.396) than sedentary adults. Higher values of BMC
(medium effect size; ES-r = 0.063) and BMD in the lower
limbs (medium effect size; ES-r = 0.091) were observed in
adolescents engaged in volleyball, basketball, and soccer
(Table 2).

Regarding bone variables, in both genders BMC and BMD
values were similar according to sport practice. However,
adults of both genders engaged in sport practice during early
life had higher values of the BMC in overall body mass (Table
3). The same pattern has been observed among boys, but not
among girls.

Table 1. General characteristics of the adolescents and adults ana-
lyzed in the study (n = 155).

Descriptive Statistics

Variables M("i‘lig‘“ Mean (SD)  (95%CI)
Adults (n=91)
Age . 39.9(102) 39.9(59) (38.6t04l.1)
DXA-FM 325(163) 339(11.3) (31.51036.3)
DXA-FFM 63.9(15.7) 622 (1L1) (59.9 to 64.5)
BMD s e 1.279 (0.15) 1.283 (0.10) (11'?36()2;0
BMC whole body (g) 3009 (713) 3((:1)4 (2391358019;()
Adolescents (n = 64)
Age . 133(24) 134(12) (13.1t013.7)
PHV, . 163 (0.9)  -1.59(0.7) ('_11';71 )“’
DXA-FM 283 (182) 26.8(12.1) (23.71029.8)
DXA-FFM 67.1(18.1) 689 (11.7) (65.91t071.8)
BMD e 1.083 (0.17) 1.099 (0.09) (11'292i;°
BMC oo 2260 (730) 2347 (542) (223‘1812;0

Active adolescents (n = 39)

Previous practice , .o 36(53) 51.9(37.3) (39.8to 64.1)
Starting age 10.3 (5.1) 9.8 (3.2) (8.7 to 10.8)
Practice 480 (660) 553.2(336) (444 to 662)

(minutes/week)

IR = interquartile range; SD = standard-deviation; 95%CI = 95% confidence
interval; BMD = bone mineral density; BMC = bone mineral content; DXA
= dual energy-x-ray absorptiometry; FM = fat mass; FFM = fat free mass.
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Table 2. Bone characteristics (ANCOVA estimated means) of the sample stratified by early and current sports practice, respectively (n = 155).

Adults—Early Sports Practice (n = 91)

ANCOVA

DXA—Variables No (n = 58) Yes (n = 33) (age, gender, smoking, alcohol and medicine use)
Mean (95%CTI) Mean (95%CI) F p-value ES-r (qualitative)
BMD e boy(gem) 1.266 (1.241 to 1.291) 1.315 (1.281 to 1.348) 1.652 0.202 0.019 Small
BMC ;e body o) 2961 (2850 to 3071) 3189 (3040 to 3339) 5.638 0.020* 0.063 Medium
DXA-FM ,, 38.2 (36.3 t0 40.1) 26.4 (24.1t0 28.9) 55.187 0.001* 0.396 Large
DXA-FFM 58.1(56.4 t0 59.9) 69.2 (66.8 to 71.5) 53.940 0.001* 0.391 Large
Adolescents—Current Sports Practice (n = 64) ANCOVA

(age, gender, PHV, smoking, alcohol and medicine use)

DXA—Variables No (n=25) Yes (n =39)
Mean (95%CI) Mean (95%CTI) F p-value ES-r (qualitative)
BMD ;e body(eem 1.065 (1.020 to 1.110) 1.122 (1.089 to 1.155) 3.018 0.088 0.049 Small
BMC , . body(@) 2138 (1902 to 2373) 2481 (2309 to 2652) 3.967 0.049%* 0.063 Medium
DXA-FM . 30.7 (25.1 t0 36.2) 24.3 (20.2 t0 28.4) 2.409 0.126 0.039 Small
DXA-FFM 65.3 (59.9 to 70.7) 71.2 (67.2t0 75.1) 2.182 0.145 0.036 Small

(%)

*p-value < 0.05; DXA = dual energy X-ray absorptiometry; PHV = peak height velocity; BMD = bone mineral density; BMC = bone mineral content; 95%CI =

95% confidence interval; ANCOVA = analysis of covariance

Table 3. Bone characteristics (ANCOVA estimated means) of the sample stratified by gender and sport practice (n = 155)

Adolescents—Current Sports Practice (n = 35)

Adults—Early Sports Practice (n = 55)

ale(n = o(n= es(n= o(n= es(n=
Male (n = 90) No (n=12) Yes (n = 23) No (n = 26) Yes (n = 29) ANCOVA
Mean (95%CI) Mean (95%CI) Mean (95%CI) Mean (95%CI) p-value ES-r
BMD oo 1.146 (1.052 to 1.241)  1.192 (1.120 to 1.264)  1.252 (1.198 to 1.306)  1.300 (1.246 to 1.355)  0.070 0.084
g/em?)
BMC . 2718.8 (2305 to 3132)  2914.7 (2600 to 3228)  2865.1 (2629 to 3101)  3137.4 (2898 t0 3375)  0.052 0.092
BMC 3.5(2.9t04.1) 4.4 (4.1 to 4.8)* 3.5(3.2t03.9) 43 (3.9 t0 4.6)° 0.001 0.357

(% in body mass)

Adolescents—Current Sports Practice (n = 29)

Adults—Early Sports Practice (n = 36)

Female (n = 65) No (n = 13) Yes (n = 16) No (n = 28) Yes (n = 8) ANCOVA
Mean (95%CI) Mean (95%CI) Mean (95%CI) Mean (95%CI) p-value ES-r
BMD WB (glem?) 1.099 (1.024 to 1.175) 1.147 (1.087 to 1.207) 1.200 (1.149 to 1.251) 1.190 (1.121 to 1.259) 0.289 0.065
BMC @ 2304.7 (1987 t0 2622) 2452.2 (2198 to 2706) 2606.1 (2389 to 2822) 2495.5 (2204 to 2786) 0.443 0.047
BMC 3.7 (3.1t0 4.4) 42(3.7t04.7) 3.8(3.3t04.2) 4.6(4.1t05.1)° 0.004 0.211

(% in body mass)

ANCOVA = analysis of covariance adjusted by chronological age, smoking, alcohol, medicine use, height, and fat free mass. ES-r = eta-squared; BMD = bone
mineral density; BMC = bone mineral content; 95%CI = 95% confidence interval; A = denotes difference compared to sedentary adolescents; C = denotes

difference compared to sedentary adult in early life.
Discussion

The main finding of this study showed that adolescents in
the initial phase of maturation engaged in sports and adults who
were sedentary in early life presented similar values in all bone
variables, FM, and FFM. These findings highlight the importance
of physical activity / sports activities at an early age because,
besides providing benefits to children and adolescents, it ap-
pears to exert a protective effect on bone health in adulthood.
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The similarities in body composition variables (FM and FFM)
among the adolescents can be explained by maturational events
that take place from childhood to adolescence which increase
adipose tissue®. With this information, the role of exercise on
adipose tissue (through energy expenditure) from early to later life
is crucial in the prevention of obesity in adulthood'®. However,
this particular result could be based upon the cross-sectional
design of the study as the relationship between adipose tissue
and exercise is based upon the longitudinal approach. Further,
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biological maturation should also be considered due to its effect
on FM during human growth?..

We found that adults engaged in sports during early life had
higher BMC, FFM, and lower FM when compared to sedentary
adults. Considering that active adolescents have an increased
likelihood of becoming active adults'®, the effect of exercise
on adipose tissue could be used as another pathway to explain
the higher BMC in adults who were active during early life.
Regular exercise is relevant in preventing obesity and helps
control obesity-related inflammation, which in turn decreases
bone formation and promotes bone reabsorption?. The mainte-
nance of adequate levels of muscle mass is related to biological
pathways linked to the prevention of insulin resistance, which
negatively affects bone formation®.

Another finding revealed that higher values of bone variables
were related to sport practice in both adults and adolescents.
Scientific literature has linked exercise to bone improvement
and recent studies have shown that this relationship is dependent
upon the type of activity performed (e.g., resistance, endurance,
and plyometric training)*2¢, In this study, the selection of high-
impact sports could have affected bone geometry during early
life, independent of biological maturation?®’.

The most relevant finding of this study was the similarity
related to bone mass between active adolescents and adults
who were sedentary in early life, even after being controlled
by potential confounders. Furthermore, all adolescents in-
volved in the study had not reached PHV and therefore, it can
be said that the bone mass (density and mineral content) in
these adolescents were similar to those presenting with initial
phase skeletal maturation. Size and quantity of bone tissue
are strongly affected by biological maturation that causes
hypertrophy and hyperplasia in different human tissues®2%.
Therefore, the similarities in bone mass between adolescents
and adults who had been sedentary in early life is a particularly
relevant finding in the prevention of osteoporosis. Scientific
literature speculates that high-impact sports in early life can
be a beneficial factor for bone growth (directly or mediated
by muscle levers)*?%, boosting natural development, and
improving bone health in adulthood. The biological explana-
tion to support our findings is still unclear; however, adults
engaged in sports from early life have increased osteocalcin
production®® and vascularization of bone tissue*® when com-
pared to adults that were sedentary.

The limitations of this study should be recognized. The
cross-sectional design does not allow for the establishment of
causality statements between dependent and independent vari-
ables. It is also not clear whether active adolescents had higher
bone mass than the sedentary ones prior to their engagement
in sports. Another limitation is the absence of the type of sport
practiced by adults during their early stages of life, considering
the influence of more vigorous activity of high impact. Finally,
the absence of measurements related to bone geometry should
be considered in future studies.

In summary, adolescents engaged in high-impact sports
presented similar bone mass to adults who had been sedentary
in early life.
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