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Abstract
Purpose: Physical inactivity is considered an important risk factor for osteoporosis, however,

some athletes performing extremely high training volumes can also develop bone mass loss.

Moreover, the effect of total body mass or body surface area on bone mineral density remains

controversial. Therefore, the aim of this study was to compare the absolute bone mineral density

and bone mineral density adjusted to body surface area between amateur triathletes and nonactive

women.

Methods: Forty-two healthy women (23 amateur triathletes and 19 nonactive individuals) were

evaluated for body composition using a dual-energy X-ray absorptiometry system.
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Results: Compared to nonactive women, amateur triathletes exhibited lower body mass index (p
< 0.001), lower bone mineral density (p< 0.001), and body surface area (p< 0.001). However,
bone mineral density adjusted by body surface area in the triathletes was higher than in the non-

active women (p= 0.03).

Conclusion: These findings showed that amateur triathles presented lower absolute bone min-

eral density, but higher bone mineral density adjusted to body surface area. Future studies are

recommended to identify if the higher bone mineral density adjusted to body surface area are

associated with a lower bone fragility.

Keywords
Bone mass, triathlon, body composition, women, X-ray absorptiometry

Introduction

Physical inactivity is considered an important modifiable risk factor for osteoporosis.1 Despite
the well-established benefits of physical activity, 30% of the world population remains
inactive.2 The ideal amount of exercise to gain or maintain bonemass has yet to be determined.
Current evidence suggests that bone gain depends on the exercisemodality, volume, and inten-
sity3–5 For overall health benefits in the general population, the American College of Sports
Medicine (ACSM) recommends at least 60 min sessions of strength (2–3 times a week)
and aerobic training (2–3 times a week),6 or an average of 5 h of physical activity per
week. However, when the training volume exceeds ACSM recommendations, an energy
imbalance between dietary calories and energy expenditure can occur, resulting in a syndrome
called Relative Energy Deficiency in Sport (RED-S). Paradoxically, RED-S is characterized
by changes in bone mineral density (BMD) and increases the risk of fracture.7

Excess fat mass can also significantly impact bone mass. For many years, it has been
thought that overweight and obesity can be protective factors against osteoporosis in
adults.8,9 More recently, this relationship has become controversial and has been contested
in the literature.10,11 It was previously accepted that women with greater body mass have
greater BMD as an adaptive mechanism to support a greater load on the skeletal system.12

However, recent evidence has suggested that a greater body mass may exceed the ability
of the bones to support the body, implying a greater risk of bone fracture in this population.
For example, a previous study demonstrated that the risk of ankle fracture is greater by 60%
in obese women than in nonobese women13 despite a recent systematic review and
meta-analysis showing that BMD is higher in subjects with obesity.13

A variable that can potentially be factored in the evaluation of bone mass is total body
surface area (BSA). The BMD adjusted to BSA may offer additional and useful informa-
tion about the bone capacity to support the mechanical load of the body. Furthermore, it is
critical to determine whether it is necessary to compare the bone mass among individuals
with different body compositions, such as athletes and inactive individuals. Thus, a study
to clarify this question is warranted.

Therefore, the aim of the present study was to compare the absolute BMD and BMD
adjusted to BSA between triathletes, who train at levels above the ACSM recommendation,
and healthy inactive women with physical activity below ACSM recommendations. This
study tested the hypothesis that triathletes have lower absolute BMD but higher BMD
adjusted to BSA than nonactive women due to the high amount of physical exercise.
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Materials and methods

Ethical approval

The protocol of this study was approved by the Human Research Ethics Committee of the
Federal University of São Paulo, Brazil (Approval number: 5.059.538, October 25, 2021)
and conformed to the principles of the Declaration of Helsinki. Each participant was
informed of the aims, benefits, and risks of the study and signed a consent form before
participating.

Participants

Two groups of healthy women were recruited in the study: Amateur triathletes (Group
1) and nonactive women (Group 2). Women in Group 1 were amateur triathletes
recruited directly or via social media. Participants in Group 2 were nonactive
women recruited on social media. The sample size was calculated using G*Power
version 3.1.9.2 (Franz, Universität Kiel, Germany). For power level calculation, a
t-test family was selected, and the mean, standard deviation, and effect size (Cohen
d) were included in the calculation. Using BMD data from a pilot study (n= 4),
which were 1.15± 0.06 g/cm2 for athletes and 1.19± 0.03 g/cm2 for controls, each
group should have a minimum of nineteen participants in each to detect a difference
with 80% power and significance level of 5%. A total of 42 women participated, 19
individuals in Group 1 and 23 individuals in Group 2.

The inclusion criterion for Group 1 was training for at least 3 years at volumes or inten-
sities exceeding ACSM recommendations. The inclusion criterion for Group 2 was women
with physical activity below the hours recommended by the ACSM. Participants were asked
if they performed at least 60 min sessions of strength (2–3 times a week) and aerobic training
(2–3 times a week) or an average of 5 h of physical activity per week.6 Exclusion criteria
included the use of any drug or hormone affecting bone mass, diseases affecting bone metab-
olism, and pregnancy. Individuals, particularly for Group 1, were excluded if they had signs
or symptoms of Female Athlete Triad. The Low Energy Availability in Females
Questionnaire (LEAF-Q), which is an instrument validated for Portuguese and widely
used to identify female athletes at risk for the Female Athlete Triad, was applied.14

Study design

This was a cross-sectional study conducted at the Olympic Training and Research Center
in São Paulo, Brazil. Data collection were performed from February to May 2023. Both
amateur triathletes and nonactive women visited the laboratory once for anthropometric
measurements and evaluation of body composition. Participants also responded to the
following open-ended questions: How many hours per week do you train running?
How many hours per week do you train cycling? How many hours per week do you
train swimming? How many hours per week do you do strengthening exercises? Do
you have any chronic disease? If yes, which one? Do you take any drugs for
continuously?
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Experimental procedures

Body composition and BMD measurement. Height and body mass were measured using a
calibrated stadiometer and body mass balance, respectively, with corresponding precisions
of 0.1 cm and 0.1 kg. Body mass index (BMI) was calculated. A dual-energy X-ray absorp-
tiometry system (DXA software version 12.3, Lunar DPX, GE Healthcare, Wisconsin, USA)
was used to determine body composition and BMD. DXA is considered the gold standard
method for assessing these measures.15 Prior to all examinations, the device was calibrated
according to the manufacturer’s recommendations. Although DXA involves exposure of
patients to radiation, it is considered very safe due to the minimal dosage used.16 DXA
scans were performed following a previously developed protocol. A qualified professional
who was experienced with the method performed the DXA scan. All women were evaluated
in the supine position wearing comfortable clothes and no accessories. BMD and bone
mineral content (BMC) of the whole body were measured, and the results were presented
in g/cm2 for analysis.

Statistical analysis

Data were expressed as mean and standard deviation. Data normality and homogeneity were
tested using the Shapiro–Wilk and Levene tests, respectively. An unpaired t-test was used to
compare anthropometric data and bone density parameters of triathletes and nonactive women.
The effect size for differences between groups was determined by dividing the mean difference
between the two groups by the pooled standard deviation. The effect sizes were used to deter-
mine themagnitude of any change andwere classified into the following: d<0.2: no effect; 0.2
≤d<0.5: small effect size; 0.5≤d<0 .8: medium effect size; and d≥0.8: large effect size.17

The level of significance was set at p<0.05. Statistical analyses and tests were performed
using IBM SPSS Statistics (version 26, IBM SPSS, Chicago, IL, USA).

Results

The female amateur athletes train 13.2± 3.0 h per week (minimum of 8 h and maximum of
18 h per week). The age, height, body mass, and BMI of the participants are presented in
Table 1. Age and height did not significantly differ between groups. However, amateur triath-
letes had lower body mass (p<0.001) and lower BMI (p<0.001) than nonactive women.
Regarding body composition, amateur athletes presented higher lean mass (p=0.018) and
lower fat mass (p<0.001) than nonactive women.

Both BMD (p= 0.006) and BSA (p < 0.001) were significantly lower in Group 1 than
in Group 2. However, BMD adjusted by BSA in the triathletes was higher than in non-
active women (p= 0.03) (Table 2). Regarding the bone mineral content (BMC) there
were no significant differences (p= 0.05) between the two groups.

Discussion

The main results of the present study were: (i) triathletes had lower body mass and lower
absolute BMD than nonactive women; (ii) triathletes had lower BSA than nonactive
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women; (iii) triathletes exhibited higher BMD adjusted to BSA than nonactive women.
These results confirm the initial hypothesis of the present study.

The present study showed that female amateur athletes presented training characteristics
very similar (hours per week) as previously reported to amateur triathles (13 h/week)18;
however, lower than elite triathles (20 h/week).19 Regards to bone status, absolute BMD
for triathletes was lower than for nonactive women. This lower absolute BMD could be inter-
preted as a negative consequence of high training volume in these athletes. Among preventive
measures against osteoporosis, physical activity has been proven to be fundamental for bone
mass accumulation. In contrast, several studies have shown that very high volumes of phys-
ical exercise, when associated with low caloric intake, can lead to a negative energetic
balance. This can impair several physiological functions, including bone acquisition and
bone health.20 In this scenario, athletes may not benefit from the positive effects of physical
exercise on bone mass and may even have bone masses lower than sedentary controls.21,22 In
apparent agreement with this line of thought, the data from the present study show that the
absolute BMD is lower in triathletes than in controls. However, it is mandatory to highlight
that previously published data for absolute BMD for a population of South American women
of the same age were 1.12± 0.10 g/cm2,23 evidencing that the present data for triathletes were
very similar, or even higher than the reference data from literature. Therefore, this lower abso-
lute BMD in triathletes than in controls of the present study should be interpreted with caution

Table 1. Participant characteristics.

Variables
Group 1
(triathletes) (n= 23)

Group 2
(nonactive) (n= 19) p-value

Effect
Size (d ) CI (95%)

Power
(1−β)

Age (years) 42.1± 8.2 45.9± 4.1 0.08 0.6 0.4–0.9 0.69
Height (cm) 162.4± 5.9 164.0± 6.6 0.425 0.25 0.01–4.7 0.73
Body mass (kg) 57.6± 6.3 70.6± 8.9 < 0.001 1.80 1.4–2.2 0.94
BMI (kg/m2) 21.8± 1.9 26.2± 2.8 < 0.001 1.83 1.4–2.4 0.95
Lean mass (kg) 41.8± 6.4 37.6± 3.9 0.018 0.79 0.7–0.9 0.65
Fat mass (%) 13.1± 7.0 28.6± 6.3 < 0.001 2.32 1.7–3.2 0.99

Data are presented as mean± standard deviation. BMI: body mass index; CI: confidence interval.

Table 2. Comparison of BMD, BSA, and BMD/BSA between groups.

Variables

Group 1
(triathletes)
(n= 19)

Group 2
(nonactive)
(n= 19) p-value

Effect
Size (d )

CI
(95%)

Power
(1-β)

Absolute BMD (g/cm2) 1.17± 0.05 1.24± 0.08 0.006 1.05 1.0–1.1 0.77
BSA (m2) 1.61± 0.10 1.79± 0.13 < 0.001 1.55 1.3–1.9 0.94
BMD/BSA 0.73± 0.06 0.69± 0.04 0.03 0.78 0.6–0.9 0.72
BMC (kg) 2.49± 0.24 2.70± 0.42 0.05 0.61 0.4–0.9 0.58

Data are presented as mean± standard deviation. BMD: bone mineral density; BSA: body surface area; BMC:

bone mineral content; CI: confidence interval.
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because this group also had very different body composition and body mass, which may
affect the comparison of absolute BMD values.

The importance of body composition can be highlighted since nonactive women
showed higher absolute BMD measurements, but this cannot rule out the possibility
that the bone is still insufficient to resist larger forces, such as when a heavier person
falls or when exposed to various biomechanical stressors.11 Therefore, higher abso-
lute BMD may not always reflect a lower risk of fractures. Consistent with this, a
study from a fracture liaison service in the United Kingdom in 2011 reported
normal absolute BMD, measured by DXA, in obese postmenopausal women with fra-
gility fractures.24

In the same way that high absolute BMD values in obese individuals may not be
enough to protect them from fragility fractures, it is also possible to hypothesize that
low absolute BMD values presented by athletes, presenting a low percentage of fat
mass and high lean mass, may not necessarily indicate a greater stress fracture risk.

Assessing BMD adjusted to BSA may be a feasible alternative to compare the bone
mass among women with different body compositions and anthropometric dimensions.
This variable may reflect bone health more reliably, but this hypothesis needs to be con-
firmed by future studies. Moreover, the data on BMD adjusted to BSA may indicate that
triathletes have a more optimized BMD than nonactive women. These findings are in line
with previous reports in the literature showing that obese women have a higher risk of
ankle, leg, and humeral fractures.13,25 In these cases, a threshold at which bone mass
cannot support the body mass may have been surpassed, leading to an increased risk
of fracture.

Notwithstanding, obese women have a lower risk of hip fractures.13,25 The underlying
reasons for this site-specific association are not yet fully understood. It has been sug-
gested that soft tissue padding in the pelvic area allows energy dissipation after trauma
or a fall, contributing to the protective effect of obesity against hip fractures.24

An important strength of the study is the use of a reliable and valid instrument, DXA,
to measure BMD. However, the study has some limitations. First, the cross-sectional
design does not support causality. Therefore, prospective research should be conducted
to determine the long-term consequences of triathlon training on BMD. A second limita-
tion is the lack of nutritional status evaluation. Third, the descriptive data about the ath-
letes’ weekly training volume was assessed using a non-validated questionnaire and there
may be some memory bias regarding this descriptive aspect of the study participants.
Finally, the BSA determined in this study was estimated through the Mosteller
formula26 rather than actual measurement.

Conclusion

The present results showed that absolute BMD is lower and BMD adjuted by BSA is
higher among amateur athletes than among healthy controls. As the athletes presented
higher lean mass, despite the lower body mass, future reseaches are recommended to
investigate if the lower absolute BMD are associated with bone fragility among
amateur triathletes, or if the BMD adjusted to BSA may be an alternative measured to
evaluate bone fragility among them.

6 Science Progress 107(3)



Acknowledgments

We thank all the participants who took the time to contribute to this research and the Olympic
Training and Research Center (Centro Olímpico de Treinamento e Pesquisa, COTP, São Paulo,
Brazil). We also would like to thank the Programa de Pós Graduação em Medicina
Translacional–Universidade Federal de São Paulo.

Author’s contributions

GCCNS and MSA: conceptualization; GCCNS, JGGBJ, LV, AS, JVRF, and GDCTC: data cur-
ation; GCCNS and MSA: formal analysis; MSA: funding acquisition; GCCNS, JGGBJ, LV, AS,
LV, JVRF, and GDCTC: investigation; GCCNS, LV, and AS: methodology; MSA: project admin-
istration; MAS: supervision; CABL and RLV: validation; MSA, CABL, RLV, KW, and BK: visu-
alization; GCCNS and MSA: roles/writing–original draft; and GCCNS, JGGBJ, LV, AS, JVRF,
GDCTC, CABL, RLV, MSA, KW, and BK: writing–review and editing.

Declaration of conflicting interests

The authors declared no potential conflicts of interest with respect to the research, authorship, and/
or publication of this article.

Data availability statement

Data supporting the study results can be provided upon request and sent to the corresponding
author’s e-mail.

Funding

The author(s) disclosed receipt of the following financial support for the research, authorship, and/
or publication of this article: This work was supported by the Fundação de Amparo à Pesquisa do
Estado de São Paulo (FAPESP) (grant number: 2021/08114-1).

Ethical Approval

Ethical Approval to report this case was obtained from Human Research Ethics Committee of the
Federal University of São Paulo, Brazil (Approval number: 5.059.538, October 25, 2021) and con-
formed to the principles of the Declaration of Helsinki.

Informed Consent

Written informed consent was obtained from the patient(s) for their anonymized information to be
published in this article.

ORCID iD

Beat Knechtle https://orcid.org/0000-0002-2412-9103

References

1. Warburton DER, Nicol CW and Bredin SSD. Health benefits of physical activity: the evidence.
CMAJ 2006; 174: 801–809.

Cruz Correa Netto Soares et al. 7

https://orcid.org/0000-0002-2412-9103
https://orcid.org/0000-0002-2412-9103


2. Guthold R, Stevens GA, Riley LM, et al. Worldwide trends in insufficient physical activity
from 2001 to 2016: a pooled analysis of 358 population-based surveys with 1·9 million parti-
cipants. Lancet Glob Health 2018; 6: e1077–e1086.

3. Beck BR, Daly RM, Singh MAF, et al. Exercise and Sports Science Australia (ESSA) position
statement on exercise prescription for the prevention and management of osteoporosis. J Sci
Med Sport 2017; 20: 438–445.

4. Fagundes U, Vancini RL, de Almeida AA, et al. Reference values for bone mass in young athletes:
a cross-sectional study in São Paulo, Brazil. Sci Rep 2023; 13: 286.

5. Fagundes U, Vancini RL, Seffrin A, et al. Adolescent female handball players present greater
bone mass content than soccer players: a cross-sectional study. Bone 2022; 154: 116217.

6. Kohrt WM, Bloomfield SA, Little KD, et al. Physical activity and bone health.Med Sci Sports
Exerc 2004; 36: 1985–1996.

7. Coelho AR, Cardoso G, Brito ME, et al. The female athlete triad/Relative Energy Deficiency in
Sports (RED-S). Rev Bras Ginecol Obstet 2021; 43: 395–402.

8. Douchi T, Yamamoto S, Oki T, et al. Difference in the effect of adiposity on bone density
between pre- and postmenopausal women. Maturitas 2000; 34: 261–266.

9. Guney E, Kisakol G, Ozgen G, et al. Effect of weight loss on bone metabolism: comparison of
vertical banded gastroplasty and medical intervention. Obes Surg 2003; 13: 383–388.

10. Dimitri P, Bishop N, Walsh JS, et al. Obesity is a risk factor for fracture in children but is pro-
tective against fracture in adults: a paradox. Bone. 2012; 50: 457–466.

11. Fassio A, Idolazzi L, Rossini M, et al. The obesity paradox and osteoporosis. Eat Weight
Disord 2018; 23: 293–302.

12. Compston J. Obesity and fractures in postmenopausal women. Curr Opin Rheumatol 2015; 27:
414–419.

13. Turcotte AF, O’Connor S, Morin SN, et al. Association between obesity and risk of fracture,
bone mineral density and bone quality in adults: a systematic review and meta-analysis. PLoS
One 2021; 16: e0252487.

14. de Maria UP and Juzwiak CR. Cultural adaptation and validation of the low energy availability in
females questionnaire (Leaf-q). Revista Brasileira de Medicina do Esporte 2021; 27: 184–188.
doi:10.1590/1517-869220212702223889.

15. Lupsa BC and Insogna K. Bone health and osteoporosis. Endocrinol Metab Clin North Am
2015; 44: 517–530.

16. Shepherd JA, Ng BK, Sommer MJ, et al. Body composition by DXA. Bone 2017; 104: 101–105.
17. Faul F, Erdfelder E, Lang AG, et al. G*power 3: a flexible statistical power analysis program

for the social, behavioral, and biomedical sciences. Behav Res Methods 2007; 39: 175–191.
Psychonomic Society Inc.

18. Vleck V, Millet GP and Alves FB. The impact of triathlon training and racing on athletes’
general health. Sports Med 2014; 44: 1659–1692.

19. Esteve-Lanao J, Moreno-Pérez D, Cardona CA, et al. Is marathon training harder than the
Ironman training? An ECO-method comparison. Front Physiol 2017; 29: 298.

20. Mountjoy M, Sundgot-Borgen J, Burke L, et al. The IOC consensus statement: beyond the
Female Athlete Triad-Relative Energy Deficiency in Sport (RED-S). Br J Sports Med 2014;
48: 491–497.

21. Nichols JF, Palmer JE and Levy SS. Low bone mineral density in highly trained male master
cyclists. Osteoporos Int 2003; 14: 644–649.

22. Bilanin JE, Blanchard MS and Russek-Cohen E. Lower vertebral bone density in male long
distance runners. Med Sci Sports Exerc 1989; 21: 66–70.

23. Cossio-Bolanos M, Vidal-Espinoza R, Fuentes-Lopez J, et al. Reference values for bone density
and bone mineral content from 5 to 80 years old in a province of Chile. PeerJ 2022; 10: e13092.

8 Science Progress 107(3)

http://dx.doi.org/10.1590/1517-869220212702223889
http://dx.doi.org/10.1590/1517-869220212702223889


24. Premaor MO, Pilbrow L, Tonkin C, et al. Obesity and fractures in postmenopausal women. J Bone
Miner Res 2010; 25: 292–297.

25. Prieto-Alhambra D, Premaor MO, Fina Avilés F, et al. The association between fracture and
obesity is site-dependent: a population-based study in postmenopausal women. J Bone
Miner Res 2012; 27: 294–300.

26. Simplified calculation of body-surface area. N Engl J Med 1987; 317: 1098–1098.

Author biographies

Guilherme Cruz Correa Netto Soares is a doctor who graduated from the Federal University of
Juiz de Fora in 2019 and has since delved deeper into the field of sports medicine. Currently,
Guilherme is a sports medicine resident at the Federal University of São Paulo (UNIFESP). His
research interests include sports physiology, athletic performance, and bone health.

José Geraldo Gomes Barbosa Junior received his bachelor’s degree in Medicine (1995) and
master’s degree in Health Sciences Applied to Sports (2019) from Universidade Federal de São
Paulo. He is currently working on his PhD in Sports Physiology at the same university. His research
interest includes sports medicine sciences in addition to physiological features and differences
between women and men endurance athletes.

Aldo Seffrin received his bachelor’s degree in Physical Education from the Federal University of
Goiás (FEFD-UFG). He obtained his master’s and PhD degrees in Translational Medicine from
the Paulista School of Medicine (EPM-UNIFESP). He is a specialist in Exercise Physiology and
Resistance Training in Health, Disease, and Aging from the School of Permanent Education
(HC-FM-USP). His research interests include exercise physiology, physical activity, exercise
and health, nutrition, and training.

Lavínia Vivan graduated in Biomedical Science from the Federal University of São Paulo
(UNIFESP) in 03/2023. She is currently pursuing a PhD in the Department of Translational
Medicine at UNIFESP, focusing on exercise physiology.

João Victor Rosa de Freitas received his bachelor’s degree in Physical Education from the State
University of Bahia (2022). A master’s candidate at the Federal University of Goiás (2024). He
is currently researching at the Federal University of Goiás. His research interests include exercise
physiology and mental disorders in high-performance sports.

Gustavo De Conti Teixeita Costa holds a bachelor’s degree in Physical Education (2006), a master’s
degree in Sports Science (2008), and a PhD in Sports Science (2015). He is currently the leader of the
Center for Advanced Studies and Research in Sports (NEPAE) and a professor and advisor in
Graduate Programs at the Federal University of Goiás. His current research interests include
sports, performance analysis, training, sports pedagogy, cognition, and action, among others.

Claudio André Barbosa B de Lira received his bachelor’s degree in Biomedical Sciences from the
Federal University of São Paulo (Brazil). He received his MSc and PhD degrees in Science from the
Federal University of São Paulo (Brazil). Currently, he is an associate professor at the Federal
University of Goiás (Brazil) and holds a research productivity fellowship from the National
Council for Scientific and Technological Development (Brazil). His current research interests
include the effects of physical exercise on psychiatric symptoms such as anxiety and anger.

Cruz Correa Netto Soares et al. 9



Rodrigo Luiz Vancini holds a degree in Physical Education (1997); Specialization in Exercise
Physiology and Resistance Training in Health, Disease, and Aging from the University of São
Paulo (2000); Specialization in Physiological and Methodological Foundations of Sports
Training from the Federal University of São Paulo - UNIFESP (2000); Specialization in
Exercise Physiology from UNIFESP (1999); Master’s (2005) and PhD (2010) in Sciences from
UNIFESP. He has experience in the following areas: physiology, with an emphasis on exercise
physiology applied to clinical and high-performance sports, sports training, first aid, epilepsy,
and active aging and quality of life. Additionally, he is a professor and researcher at the Center
for Physical Education and Sports (CEFD), Federal University of Espírito Santo (UFES).

Katja Weiss received her MD degree from the University of Bern in Switzerland and is currently
pursuing a PhD degree in health sciences. She is working at the Institute of Primary Care in
Zurich, Switzerland, focusing her research on primary care and sports medicine to improve
patient care and treatment.

Beat Knechtle, MD, is a primary care physician and professor at the Institute of Primary Care at the
University of Zurich. His main research interests are swimming, cycling, running, endurance and
ultra-endurance.

Marilia Santos Andrade received her bachelor’s degree in Physiotherapy from the University of São
Paulo (Brazil). She received her PhD degrees in Science from the Federal University of São Paulo
(Brazil). Currently, she is an associate professor at the Federal University of Sao Paulo (Brazil) and
holds a research productivity fellowship from the National Council for Scientific and Technological
Development (Brazil). Her current research interests include exercise physiology and determinants
factor of performance.

10 Science Progress 107(3)


	 Introduction
	 Materials and methods
	 Ethical approval
	 Participants
	 Study design
	 Experimental procedures
	 Body composition and BMD measurement

	 Statistical analysis

	 Results
	 Discussion
	 Conclusion
	 Acknowledgments
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


