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Reference values for bone mass 
in young athletes: a cross‑sectional 
study in São Paulo, Brazil
Ulysses Fagundes 1, Rodrigo Luiz Vancini 2, Alexandre Aparecido de Almeida 3, 
Pantelis Theo Nikolaidis 4, Katja Weiss 5, Beat Knechtle 5,6*, Marilia Santos Andrade 7 & 
Claudio Andre Barbosa de Lira 8

Reference values for bone mass in young athletes need to be used for screening purposes, and 
country/regional reference values should be used to improve precision of comparisons. The aim of the 
present study was to develop reference values for bone health variables in Brazilian young athletes. 
The bone mass content (BMC), bone mass density (BMD), and total body less head (TBLH) BMD using 
dual-energy X-ray absorptiometry were measured in 702 young athletes (327 men and 375 women) 
aged 8.5–18.5 years, divided into 5 groups, according to their age: group 1 (8.5–10.5 years), group 2 
(10.6–12.5 years), group 3 (12.6–14.5 years), group 4 (14.6–16.5 years), and group 5 (16.6–18.5 years). 
Comparisons between the sexes and ages were performed and age-sex-smoothed reference values 
were constructed. Male athletes presented high BMC and BMD than female athletes in age groups 
3, 4, and 5 (p < 0.005) and high TBLH BMD than female athletes in age groups 4 and 5 (p < 0.005). 
Reference values, including the percentiles are presented for the bone health variables of each sex and 
age group. The age-, sex-, and ethnic-specific reference data for bone variables presented in this study 
enabled more precise reference data for young Brazilian athletes. These data may assist in monitoring 
changes during an athletes’ growth and different phases of athletic training.

Abbreviations
BMC	� Bone mass content
BMD	� Bone mass density
TBLH	� Total body less head
DXA	� Dual-energy X-ray absorptiometry
RED-S	� Relative energy deficiency in sports
ANOVA	� Analysis of variance

Osteoporosis is considered a disease of the elderly; however, researchers and clinicians agree that it has a pediatric 
origin1,2. Children and adolescents who do not achieve an optimal peak bone mass at the end of adolescence, 
when almost 90% of peak bone mass is achieved, are more likely to develop osteoporosis during senescence3. 
Therefore, ensuring maximal bone mineral content acquisition during adolescence is important to attenuate loss 
of bone mass associated with aging process4.

Bone mass acquisition may be impaired by some specific disorders present during childhood, such as cystic 
fibrosis, type 1 diabetes mellitus, or inflammatory bowel disease5. Similarly, a sedentary behavior and percentage 
of body fat were negatively associated with bone mass density (BMD)6,7. Conversely, physical activity during 
childhood may positively affect bone mass gain. Physical activity in children and adolescents has been demon-
strated to result in higher bone mass content (BMC) and BMD than non-active youths4. In this context, athletes 
from different sports also demonstrated higher BMC and BMD than general population8,9. Weight-bearing 
exercises, especially those characterized by high-impact loading, such as multiple high-intensity runs, sprints, 

OPEN

1Graduate Program in Translational Medicine, Federal University of Sao Paulo, São Paulo, Brazil. 2Center of 
Physical Education and Sports, Federal University of Espírito Santo, São Paulo, Brazil. 3Tocantins Federal Institute 
of Education, Science and Technology, Araguatins, Brazil. 4School of Health and Caring Sciences, University of 
West Attica, Athens, Greece. 5Institute of Primary Care, University of Zurich, Zurich, Switzerland. 6Medbase 
St. Gallen Am Vadianplatz, St. Gallen, Switzerland. 7Department of Physiology, Federal University of Sao Paulo, 
São Paulo, Brazil. 8Human and Exercise Physiology Division, Faculty of Physical Education and Dance, Federal 
University of Goiás, Goiânia, Brazil. *email: beat.knechtle@hispeed.ch

http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-023-27582-8&domain=pdf


2

Vol:.(1234567890)

Scientific Reports |          (2023) 13:286  | https://doi.org/10.1038/s41598-023-27582-8

www.nature.com/scientificreports/

turns, and jumps, have a high impact on muscles and bones, which are associated with an increase in absolute 
and relative bone dimensions10. The importance of the impact loading characteristics of physical activity can 
be evidenced by the higher bone mass that the tennis players present in the dominant upper limb compared to 
the non-dominant limb11 or the higher bone mass that handball players (high-loading impact sports) presented 
than soccer players (odd-loading impact sports)4.

Despite the unquestionable benefits of regular physical activity, there is a condition known as relative energy 
deficiency in sports (RED-S), frequently observed among highly trained male and female athletes12,13. This situ-
ation is a consequence of inadequate energy intake relative to exercise energy expenditure associated with sports 
practice, triggering unfavorable health conditions, compromising bone health, and favoring the risk of bone 
stress injuries among other possible negative effects, such as gastrointestinal and cardiovascular dysfunction14,15.

Therefore, reference values for BMC and BMD in male and female children and adolescent athletes, according 
to age, need to be used by healthcare providers for screening purposes16,17.

Dual-energy X-ray absorptiometry (DXA) is widely considered the preferred method for assessing BMC and 
BMD in clinical and research situations because of the reliability of the results and security of the method (low 
radiation)18,19. In Brazil, sports DXA utility, especially among young people, is currently limited, owing to a lack 
of normal reference values for Brazilian children and adolescent athletes. Despite the existence of normative data 
for other populations20, Brazil has particular characteristics due to continental dimensions, which are character-
ized by an enormous diversity of ethnicities and a highly admixed population21, resulting from five centuries of 
colonization and interbreeding among Native Americans, Europeans, and Africans22. Therefore, reference values 
for this population, which have particular characteristics, need to be established.

Therefore, this study aimed to develop normal reference values for total body BMD, BMC, and total body 
less head (TBLH) BMD, and to construct percentile curves for Brazilian children and adolescent athletes. In 
addition, the study also aimed to compare bone measurements between sexes. We hypothesized that the male 
athletes will present higher bone measurements values than the female after the puberty.

Methods
Study design.  This cross-sectional study involved young athletes who were trained at the Olympic Train-
ing and Research Center (São Paulo, Brazil). Each athlete visited the laboratory once for evaluation of body 
composition.

Ethics approval and consent to participate.  This study was approved by the Human Research Eth-
ics Committee of the Federal University of São Paulo (Brazil) (approval number: 29607020800005505) and 
conformed to the principles outlined in the Declaration of Helsinki. As the study involved the analysis of the 
Physiology Laboratory from the Olympic Training and Research Center database, and the data were anonymous, 
the requirement for informed consent was waived, according to the Human Research Ethics Committee of the 
Federal University of São Paulo (Brazil). All data were analyzed as the principle of respect for persons, which 
encompasses the guarantee of privacy, confidentiality, and anonymity rights.

Participants.  A total of 702 athletes (327 men and 375 women) from the Olympic Training and Research 
Center in São Paulo, Brazil participated in the study. There are several training centers in São Paulo whose ath-
letes compete in federative championships. Athletes who stand out in smaller training centers are sent to train 
at the Olympic Training and Research Center due to excellent physical structure that is composed by sportive 
courts, gym, soccer field, athletics track, swimming poll, exercise physiology laboratory, and medical and nutri-
tion division. Thus, the Olympic Training and Research Center is characterized by being frequented by well 
physical fitness athletes and by athletes who have a wide range of socioeconomic profiles. These reasons make 
the Olympic Training and Research Center a very representative place for the São Paulo population of child and 
adolescent athletes. The participants were divided into 5 groups according to their age: group 1 (8.5–10.5 years), 
group 2 (10.6–12.5 years), group 3 (12.6–14.5 years), group 4 (14.6–16.5 years), and group 5 (16.6–18.5 years). 
Data were collected between January and December 2015.

A nutritionist provided individualized guidance and food plans to meet the nutritional needs of all the 
athletes. The participants were runners (n = 34), soccer players (n = 154), artistic gymnasts (n = 16), handballers 
(n = 128), judokas (n = 30), wrestlers (n = 85), swimmers (n = 86), and volleyballers (n = 169). All the participants 
were involved in local and national sports competitions. The athletes were trained five times a week for approxi-
mately 1 or 2 h per day through 11 months of the year for at least one year. All athletes performed at least 30 min 
of preventive exercises twice a week, which are exercises performed to improve muscle mass and flexibility. 
Evaluation of body composition was performed annually for all athletes trained at the Olympic Training and 
Research Center in São Paulo. Exclusion criteria were as follows: body mass > 130 kg, younger than 8.5 years or 
older than 18.5 years, height higher than 2 m, pregnancy, and training for less than a year.

Reference values for non-athletes were obtained from a previously published study on healthy children and 
adolescents23. Age, total body mass, height, and body mass index (BMI) of female and male athletes are presented 
in Table 1.

Body composition evaluation.  A DXA (software version 12.3, Lunar DPX, Wisconsin, USA) was used 
to measure whole-body BMD (g/cm2), BMC (g), and TBLH BMD (g/cm2)24 As the head represents a large por-
tion of the total body mass that changes minimally during growth, it has been excluded from BMD analysis in 
childhood25. The equipment used in the present study could measure total body BMD with a precision of better 
than 1%26.
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All tests were performed with the participants wearing comfortable clothes, without metal pieces, centrally 
aligned with 10 cm between the feet, and 5 cm between the hands and trunk. The participants assumed a supine 
position. All the tests were performed by the same examiner.

Statistical analysis.  Values are presented as means and standard deviations. Percentile values (10th, 25th, 
50th, 75th, and 90th percentiles) for variables related to bone mass are also presented. Two-way analysis of vari-
ance (ANOVA) was used to compare BMD, BMC, and TBLH BMD among the age and sex groups, and it was 
supplemented by Tukey’s post-hoc test when the threshold of significance was reached. Statistical analysis was 
performed using SPSS v 21.0 (Chicago, Illinois, USA). In all comparisons, p values < 5% were considered statisti-
cally significant.

Results
The BMC of the male athletes were significantly different among all age groups. In the female group, the BMC 
for groups 1, 2, and 3 were significantly different from all the other groups, but the BMCs for the age groups 4 
and 5 were different only in groups 1, 2, and 3, and were similar between them (Table 2 and Fig. 1). The BMC 
of the male athletes was significantly higher for the male athletes than that of the female athletes for age groups 
3, 4, and 5.

The BMD for the male athletes was significantly different among all the age groups. In the female group, the 
BMDs for groups 3, 4, and 5 were significantly different from all the other groups, but the BMDs for age groups 
1 and 2 were different only in groups 3, 4, and 5, and were similar between them (Table 3 and Fig. 2). Conversely, 
the BMD and TBLH BMD of the male athletes were significantly higher than those of the female athletes only 
for age groups 4 and 5 (Tables 2, 3, and 4).

The TBLH BMD presented by the male groups 3, 4, and 5 was significantly different from all the other groups, 
but the age groups 1 and 2 were different only in groups 3, 4, and 5, and were similar between them. Conversely, 

Table 1.   Descriptive values for age, height, body mass, and body mass index (BMI) of female and male 
athletes by age group. Data are presented as mean ± standard deviation. BMI: body mass index.

Age group Age (years old) Height (cm) Body mass (kg) BMI (kg/m2)

Female groups

Group 1 (n = 10) 9.6 ± 0.5 138.0 ± 4.1 35.8 ± 4.9 18.7 ± 2.0

Group 2 (n = 41) 11.6 ± 0.5 152.5 ± 8.9 42.9 ± 11.8 18.2 ± 3.3

Group 3 (n = 85) 13.7 ± 0.6 160.9 ± 6.3 54.3 ± 9.0 20.8 ± 2.7

Group 4 (n = 151) 15.5 ± 0.6 164.6 ± 6.8 60.1 ± 10.8 22.1 ± 3.4

Group 5 (n = 88) 17.3 ± 0.5 164.4 ± 6.3 59.6 ± 7.6 22.0 ± 2.2

Male groups

Group 1 (n = 27) 9.3 ± 0.6 134.2 ± 7.2 30.8 ± 6.3 16.9 ± 2.1

Group 2 (n = 50) 11.6 ± 0.6 153.7 ± 11.0 44.5 ± 10.8 18.6 ± 3.0

Group 3 (n = 104) 13.6 ± 0.6 171.2 ± 10.7 62.4 ± 13.4 21.2 ± 3.4

Group 4 (n = 80) 15.6 ± 0.5 177.6 ± 8.8 68.7 ± 12.5 21.7 ± 3.2

Group 5 (n = 66) 17.3 ± 0.6 180.9 ± 7.7 72.0 ± 9.3 21.9 ± 2.3

Table 2.   Age- and sex-specific reference mean and percentiles for body mass content (BMC) (g). Data are 
presented as mean ± standard deviation. BMC: body mass content. *p < 0.05 (different from male values for the 
same age). # p < 0.05 (different from all other groups for the same sex). & p < 0.05 (different from groups 1, 2, and 
3 for the same sex).

Sex Age group BMC (g)

Percentiles

10th 25th 50th 75th 90th

Female

Group 1 (n = 10) 1271.9 ± 120.0# 1099.6 1194.5 1251.6 1352.7 1492.5

Group 2 (n = 41) 1736.8 ± 474.7# 1206.6 1362.7 1668.6 2026.4 2570.9

Group 3 (n = 85) 2369.3 ± 380.4*# 1939.8 2093.8 2382.9 2591.6 2809.8

Group 4 (n = 151) 2623.9 ± 403.1*& 2114.4 2347.2 2569.5 2848.0 3158.8

Group 5 (n = 88) 2712.4 ± 389.6*& 2186.0 2428.9 2724.1 2971.1 3199.4

Male

Group 1 (n = 27) 1221.8 ± 208.4# 985.2 1066.0 1169.9 1431.1 1506.9

Group 2 (n = 50) 1680.5 ± 352.1# 1271.4 1439.8 1599.5 1903.5 2263.2

Group 3 (n = 104) 2534.7 ± 563.7# 1778.6 2111.1 2546.8 2906.9 3255.7

Group 4 (n = 80) 3097.3 ± 510.2# 2463.7 2736.6 3151.0 3493.5 3593.5

Group 5 (n = 66) 3417.8 ± 471.1# 2774.7 3108.1 3414.4 3754.7 3997.8
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for the female group and age groups 1 and 2 were different only from groups 3, 4, and 5, and similar between 
them. Age group 3 was different from all the other age groups, and age groups 4 and 5 were different only from 
groups 1, 2, and 3, and similar between them (Table 4 and Fig. 3).

Female and male data for the age-smoothed percentile graph of TBLH BMD are presented in Fig. 4 and 5, 
respectively. Differences in the graphical behavior of our results and reference values for non-athletes23 can be 
observed. The median values (50th percentiles) for TBLH BMD in female and male athletes exceeded the 90th 
percentile of the reference values for non-athletes.

Discussion
The main aim of the present study was to present sex- and age-specific reference values for BMD, TBLH BMD, 
and BMC, using a DXA scanner in Brazilian children and adolescent athletes aged 8.5–18.5 years old. Reference 
values were also plotted with reference values for healthy non-athletic children and adolescents. Moreover, the 
study aimed to compare sex and age differences, according to bone mass characteristics. The main results were 
as follows: (i) BMC and TBLH BMD increased during growth in both sexes, but in the female group, the bone 
measurements tended to stabilize between group 4 (14.6–16.5 years) and group 5 (16.6–18.5 years); (ii) the boys 
had higher values for BMD and TBLH BMD than the girls after 14.6 years, and higher values for BMC after 
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Figure 1.   Age- and sex-specific mean values for bone mass content. *p < 0.05 (different from male values for the 
same age). #p < 0.05 (different from all other groups for the same sex). &p < 0.05 (different from groups 1, 2, and 3 
for the same sex).

Table 3.   Age- and sex-specific reference mean and percentiles for total bone mineral density (BMD) (g/
cm2). Data are presented as mean ± standard deviation. *p < 0.05 (different from male values for the same age). 
# p < 0.05 (different from all other groups for the same sex). & p < 0.05 (different from groups 3, 4, and 5 for the 
same sex).

Sex Age group BMD (g/cm2)

Percentiles

10th 25th 50th 75th 90th

Female

Group 1 (n = 10) 0.91 ± 0.04& 0.86 0.88 0.89 0.95 1.00

Group 2 (n = 41) 0.99 ± 0.09& 0.86 0.91 0.99 1.06 1.14

Group 3 (n = 85) 1.14 ± 0.08*# 1.04 1.09 1.13 1.19 1.26

Group 4 (n = 151) 1.19 ± 0.08*# 1.09 1.13 1.19 1.23 1.29

Group 5 (n = 88) 1.23 ± 0.09*# 1.12 1.16 1.23 1.29 1.34

Male

Group 1 (n = 27) 0.92 ± 0.06& 0.83 0.87 0.93 0.94 1.00

Group 2 (n = 50) 0.97 ± 0.07& 0.88 0.92 0.97 1.03 1.07

Group 3 (n = 104) 1.11 ± 0.11# 0.96 1.02 1.12 1.17 1.25

Group 4 (n = 80) 1.24 ± 0.11# 1.08 1.15 1.24 1.32 1.38

Group 5 (n = 66) 1.31 ± 0.09# 1.18 1.23 1.31 1.37 1.42
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12.6 years; and (iii) the median values (50th percentiles) for TBLH BMD presented by female and male athletes 
exceeded the 90th percentiles of the reference values for non-athletes.

According to the bone measurements comparison among different ages, the present results showed that BMD 
and TBLH BMD presented a significant increase after group 2 (10.6–12.5 years) for both the male and female 
athletes; however, for the female group, the TBLH BMD stabilized after group 4 (14.6–16.5 years), while the 
bone mass for the male athletes still increased until group 5 (16.6–18.5 years). The same pattern of bone mass 
evolution during childhood and adolescence was shown by Lopez-Gonzalez et al.23 in healthy Mexican children 
and adolescents. Therefore, our results are consistent with those reported in the literature.

When comparing bone mass between the male and female athletes, sex differences became evident after 
puberty. After 14–15 years of age (group 4), when most of the male athletes are already in puberty27, the male 
athletes presented significantly higher bone measurements than the female athletes, probably due to the influence 
of sex-related hormones on the bone mass, which will result in the fact that women reach lower peak bone mass 
than men; this has been associated with higher osteopenia and stress fracture risk in maturity23,28–30.

Brazil has a vast territory, and the population is characterized by an enormous diversity of ethnicities, dis-
parities in lifestyle behaviors and socioeconomic status, and conditions that have been known to contribute to 
differences in BMD among children and adolescents25,31,32; therefore, it is necessary to establish specific reference 
databases for Brazilian children. Moreover, reference data for athletes’ TBLH BMD, BMD, and BMC are limited, 
particularly among young individuals14,33. Therefore, the reference data presented in this study may contribute 
to the understanding of bone mass in young Brazilian athletes.

The present data showed that BMD and BMC improved throughout childhood. In a visual graphical analysis 
of TBLH BMD, the 50th percentile curve for the athletes was higher than the 90th percentile for the non-athletes 
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Figure 2.   Age- and sex-specific mean values for bone mass density. *p < 0.05 (different from male values for the 
same age). #p < 0.05 (different from all other groups for the same sex). &p < 0.05 (different from groups 3, 4, and 5 
for the same sex).

Table 4.   Age- and sex-specific reference mean and percentiles for total body less head bone mineral density 
(TBLH BMD) (g/cm2). Data are presented as the mean ± standard deviation. TBLH BMD: total body less head 
bone mineral density. *p < 0.05 (different from male values for the same age). # p < 0.05 (different from all other 
groups for the same sex). & p < 0.05 (different from groups 3, 4, and 5 for the same sex). @ p < 0.05 (different from 
group 1, 2 and 3 for the same sex).

Sex Age group TBLH—BMD (g/cm2)

Percentiles

10th 25th 50th 75th 90th

Female

Group 1 (n = 10) 0.81 ± 0.04& 0.75 0.78 0.80 0.83 0.89

Group 2 (n = 41) 0.89 ± 0.09& 0.77 0.81 0.89 0.98 1.03

Group 3 (n = 85) 1.05 ± 0.08# 0.96 0.99 1.05 1.10 1.17

Group 4 (n = 151) 1.09 ± 0.09*@ 0.98 1.03 1.09 1.13 1.19

Group 5 (n = 88) 1.12 ± 0.08*@ 1.00 1.05 1.11 1.18 1.22

Male

Group 1 (n = 27) 0.80 ± 0.09& 0.70 0.76 0.79 0.82 0.87

Group 2 (n = 50) 0.86 ± 0.07& 0.76 0.81 0.86 0.92 0.97

Group 3 (n = 104) 1.04 ± 0.13# 0.88 0.95 1.05 1.11 1.18

Group 4 (n = 80) 1.17 ± 0.11# 1.01 1.09 1.18 1.25 1.32

Group 5 (n = 66) 1.24 ± 0.09# 1.11 1.16 1.23 1.29 1.36
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in both the female (Fig. 4) and male participants (Fig. 5). These data are in consensus with previous literature 
data, which suggest that children and adolescents who play sports should reach a higher BMD and BMC at the 
end of the second decade of life, when the bone mass reaches its peak10,14,34–36.

Therefore, young athletes should have better bone mass conditions to face the losses resulting from aging, 
thereby reinforcing the concept that osteoporosis, which is very common among the elderly, is a pediatric 
disease37. This osteogenic property attributed to sports practice during childhood appears to be associated with 
muscle mass gain. The mechanical load over the bone produced by muscular contraction seems to be an osteo-
genic stimulus for bone formation38. In this direction, it has been considered that the weight bearing exercises, 
especially those presenting high-loading impacts are the most effective to bone mass gain4,39. Conversely, athletes 
involved with aquatic exercises, such as swimming, synchronized swimming or water polo, show similar BMD 
values compared to controls39. In the sample of the present study participated athletes of running, soccer, artistic 
gymnastics, handball, judo, wrestling, volleyball, and swimming. Except for swimming, all these sports have 
impact loading, which is desirable for bone mass gain39. The swimming is not an impact loading sport, however, 
swimmers from this study performed terrestrial exercises with the aim of preventing sports injuries, which has 
been suggested by previous authors and certainly also affects bone mass positively39. Therefore, pediatricians, 

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

Group 1 Group 2 Group 3 Group 4 Group 5

To
ta

l b
od

y 
le

ss
 h

ea
d 

fo
r B

M
D 

(g
/c

m
2 )

   
   

   
 

female male

&&

&
&

@
@

#

**

#

#

#

Figure 3.   Age- and sex-specific reference mean values for total body less head bone mineral density (TBLH 
BMD) (g/cm2). *p < 0.05 (different from male values for the same age). #p < 0.05 (different from all other groups 
for the same sex). &p < 0.05 (different from groups 3, 4, and 5 for the same sex). @p < 0.05 (different from group 1, 
2 and 3 for the same sex).
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Figure 4.   Total body less head BMD in youth female athletes for age groups 1, 2, 3, 4 and 5; percentiles (—) for 
athletes, and reference percentiles from Lopez-Gonzalez et al.23 (---). (the 10th, 25th, 50th, 75th, 90th; and 50th 
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healthcare providers, and parents/guardians must be aware of this information and should encourage the regular 
practice of sports during childhood and adolescence in school environments or sports clubs.

These reference data present some limitations. Athletes from different sports modalities were combined, 
and previous reports showed that bone mass gain can be affected by sports characteristics, mainly according to 
the impact force specificities. For example, athletes from high-impact sports, such as handball, present higher 
BMD and BMC than athletes from odd-impact sports, such as soccer4,10. Maillane et al.36 also demonstrated 
that different sports, such as soccer, karate, and swimming, presented different results regarding BMD gain. 
Additionally, the participating athletes in the present study were only from São Paulo City and not from all the 
Brazilian regions. Conversely, it is important to consider São Paulo as a national migratory reception pole. From 
the beginning of 1970–2000, São Paulo received approximately 300 thousand people from other states a year, 
which makes the city’s population enormously mixed40 Moreover, no previous study has demonstrated that bone 
mass differs among the Brazilian regions. Even so, a broader range of participants might be needed to better 
represent the Brazilian population. Nevertheless, we believe that these limitations did not limit our conclusions.

Conclusion
Young Brazilian female athletes presented with significantly lower BMD than males after 14.5 years; moreover, 
the BMD did not significantly change between 8.5 and 12.5 years for both sexes, but after 12.5 years, the bone 
density increased significantly in male and female athletes. Finally, young Brazilian athletes presented with the 
50th percentile above the 90th percentile for literature reference data for the non-athletes. To the best of our 
knowledge, this study is the first to present reference bone mass for physically active Brazilian children and 
adolescents, and to compare these data with literature references for healthy children.

Data availability
All data generated or analysed during this study are included in this published article and its supplementary 
information files.

Received: 5 August 2022; Accepted: 4 January 2023

References
	 1.	 Cooper, C. et al. Review: Developmental origins of osteoporotic fracture. Osteoporos. Int. 17, 337–347 (2006).
	 2.	 Baim, S. et al. Official Positions of the International Society for Clinical Densitometry and executive summary of the 2007 ISCD 

Position Development Conference. J. Clin. Densitom. 11, 75–91 (2008).
	 3.	 Mora, S. & Gilsanz, V. Establishment of peak bone mass. Endocrinol. Metab. Clin. North Am. 32, 39–63 (2003).
	 4.	 Fagundes, U. et al. Adolescent female handball players present greater bone mass content than soccer players: A cross-sectional 

study. Bone 154, (2022).
	 5.	 Bachrach, L. K. & Gordon, C. M. Bone densitometry in children and adolescents. Pediatrics 138, (2016).
	 6.	 Deng, K. L. et al. Analysis of the association between fat mass distribution and bone mass in Chinese male adolescents at different 

stages of puberty. Nutrients 13, (2021).
	 7.	 Yamakita, M. et al. Association of objectively measured physical activity and sedentary behavior with bone stiffness in peripubertal 

children. J. Bone Miner. Metab. 37, 1095–1103 (2019).
	 8.	 Singhal, V. et al. Bone accrual in oligo-amenorrheic athletes, eumenorrheic athletes and non-athletes. Bone 120, 305 (2019).
	 9.	 Kalabiska, I., Zsakai, A., Malina, R. M. & Szabo, T. Bone mineral reference values for athletes 11 to 20 years of age. Int. J. Environ. 

Res. Public Health 17, 1–11 (2020).

Figure 5.   Total body less head BMD in youth male athletes for age groups 1, 2, 3, 4 and 5; percentiles (—) for 
athletes, and reference percentiles by Lopez-Gonzalez et al.23 (---). (the 10th, 25th, 50th, 75th, 90th; and 50th 
percentiles are in bold).



8

Vol:.(1234567890)

Scientific Reports |          (2023) 13:286  | https://doi.org/10.1038/s41598-023-27582-8

www.nature.com/scientificreports/

	10.	 Quiterio, A. L. D., Carnero, E. A., Baptista, F. M. & Sardinha, L. B. Skeletal mass in adolescent male athletes and nonathletes: 
Relationships with high-impact sports. J. Strength Cond. Res. 25, 3439–3447 (2011).

	11.	 Bass, S. L. et al. The effect of mechanical loading on the size and shape of bone in pre-, peri-, and postpubertal girls: a study in 
tennis players. J. Bone Miner. Res. 17, 2274–2280 (2002).

	12.	 Mountjoy, M. et al. International Olympic Committee (IOC) Consensus statement on relative energy deficiency in sport (red-s): 
2018 update. Int. J. Sport Nutr. Exerc. Metab. 28, 316–331 (2018).

	13.	 Mountjoy, M. et al. The IOC consensus statement: Beyond the female athlete triad-relative energy deficiency in sport (RED-S). 
Br. J. Sports Med. 48, 491–497 (2014).

	14.	 Kalabiska, I., Zsakai, A., Malina, R. M. & Szabo, T. Bone mineral reference values for athletes 11–20 years of age. Int. J. Environ. 
Res. Public Health 17, 1–11 (2020).

	15.	 Logue, D. M. et al. Low energy availability in athletes 2020: An updated narrative review of prevalence, risk, within-day energy 
balance, knowledge, and impact on sports performance. Nutrients 12, (2020).

	16.	 Ward, K. A., Ashby, R. L., Roberts, S. A., Adams, J. E. & Mughal, M. Z. UK reference data for the Hologic QDR discovery dual-
energy X ray absorptiometry scanner in healthy children and young adults aged 6–17 years. Arch. Dis. Child 92, 53–59 (2007).

	17.	 Elhakeem, A., Frysz, M., Tilling, K., Tobias, J. H. & Lawlor, D. A. Association between age at puberty and bone accrual from 10 to 
25 years of age. JAMA Netw. Open https://​doi.​org/​10.​1001/​jaman​etwor​kopen.​2019.​8918 (2019).

	18.	 Bachrach, L. K. Osteoporosis and measurement of bone mass in children and adolescents. Endocrinol. Metab. Clin. North Am. 34, 
521–535 (2005).

	19.	 Margulies, L. et al. Reproducibility of pediatric whole body bone and body composition measures by dual-energy X-ray absorp-
tiometry using the GE Lunar Prodigy. J. Clin. Densitom. 8, 298–304 (2005).

	20.	 Kalabiska, I., Zsakai, A., Malina, R. M. & Szabo, T. Bone mineral reference values for athletes 11 to 20 years of age. Int. J. Environ. 
Res. Public Health https://​doi.​org/​10.​3390/​ijerp​h1714​4930 (2020).

	21.	 Durso, D. F. et al. Association of genetic variants with self-assessed color categories in Brazilians. PLoS One 9, (2014).
	22.	 Guedes, R. Escravismo no Brasil: um convite à reflexão e ao debate. Afro-Ásia 1850, 289–301 (2012).
	23.	 Lopez-Gonzalez, D. et al. Reference values for bone mineral density in healthy Mexican children and adolescents. Bone 142, (2021).
	24.	 Shepherd, J., Ng, B., Sommer, M., Heymsfield, S. B. & Francisco, S. HHS public access ‘body composition by DXA’. 101–105 (2018) 

https://​doi.​org/​10.​1016/j.​bone.​2017.​06.​010
	25.	 Liu, J. et al. Bone mineral density reference standards for Chinese children aged 3–18: Cross-sectional results of the 2013–2015 

China Child and Adolescent Cardiovascular Health (CCACH) Study. BMJ Open 7, (2017).
	26.	 Shepherd, J. A., Ng, B. K., Sommer, M. J. & Heymsfield, S. B. Body composition by DXA. Bone 104, 101–105 (2017).
	27.	 Parent, A. S. et al. The timing of normal puberty and the age limits of sexual precocity: Variations around the world, secular trends, 

and changes after migration. Endocr. Rev. 24, 668–693 (2003).
	28.	 Matkovic, V. et al. Timing of peak bone mass in Caucasian females and its implication for the prevention of osteoporosis. Inference 

from a cross-sectional model. J. Clin. Invest. 93, 799–808 (1994).
	29.	 Rizzoli, R., Bonjour, J. P. & Ferrari, S. L. Osteoporosis, genetics and hormones. J. Mol. Endocrinol. 26, 79–94 (2001).
	30.	 Boot, A. M. et al. Peak bone mineral density, lean body mass and fractures. Bone 46, 336–341 (2010).
	31.	 Wang, M. C. et al. Bone mass and hip axis length in healthy Asian, black, Hispanic, and white American youths. J. Bone Miner. 

Res. 12, 1922–1935 (1997).
	32.	 Nelson, D. A., Simpson, P. M., Johnson, C. C., Barondess, D. A. & Kleerekoper, M. The accumulation of whole body skeletal mass 

in third- and fourth-grade children: Effects of age, gender, ethnicity, and body composition. Bone 20, 73–78 (1997).
	33.	 Andreoli, A. et al. Effects of different sports on bone density and muscle mass in highly trained athletes. Med. Sci. Sports Exerc. 

33, 507–511 (2001).
	34.	 Xu, H. et al. Normal reference for bone density in healthy Chinese children. J. Clin. Densitom. 10, 266–275 (2007).
	35.	 Vlachopoulos, D. et al. The effect of 12-month participation in osteogenic and non-osteogenic sports on bone development in 

adolescent male athletes. The PRO-BONE study. J. Sci. Med. Sport 21, 404–409 (2018).
	36.	 Maillane-Vanegas, S. et al. Bone mineral density and sports participation. J. Clin. Densitom. 23, 294–302 (2020).
	37.	 Vicente-Rodríguez, G. How does exercise affect bone development during growth?. Sports Med. 36, 561–569 (2006).
	38.	 Tenforde, A. S. & Fredericson, M. Influence of sports participation on bone health in the young athlete: A review of the literature. 

PM and R 3, 861–867 (2011).
	39.	 Bellver, M., del Rio, L., Jovell, E., Drobnic, F. & Trilla, A. Bone mineral density and bone mineral content among female elite 

athletes. Bone 127, 393–400 (2019).
	40.	 Baeninger, R. São Paulo e suas migrações no final do século 20. São Paulo em Perspectiva 19, 84–96 (2005).

Acknowledgements
The authors would like to thank all the participants who volunteered to participate in this study and Medicina 
Translacional Program—UNIFESP. There are no financial conflicts of interest to disclose.

Author contributions
U.F. wrote original draft and analyzed the data; R.L.V. wrote original draft and methodology; A.A.A. wrote 
the methodology and collected the data; P.T.N. reviewed and edited the final version of the manuscript; K.W. 
reviewed and edited the final version of the manuscript; B.K. reviewed and edited the final version of the manu-
script; M.S.A. analyzed and interpreted the results; C.A.B.L. supervised and was the was a major contributor in 
writing the manuscript. All authors read and approved the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to B.K.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://doi.org/10.1001/jamanetworkopen.2019.8918
https://doi.org/10.3390/ijerph17144930
https://doi.org/10.1016/j.bone.2017.06.010
www.nature.com/reprints


9

Vol.:(0123456789)

Scientific Reports |          (2023) 13:286  | https://doi.org/10.1038/s41598-023-27582-8

www.nature.com/scientificreports/

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2023

http://creativecommons.org/licenses/by/4.0/

	Reference values for bone mass in young athletes: a cross-sectional study in São Paulo, Brazil
	Methods
	Study design. 
	Ethics approval and consent to participate. 
	Participants. 
	Body composition evaluation. 
	Statistical analysis. 

	Results
	Discussion
	Conclusion
	References
	Acknowledgements


