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Artículo original

Resumen

Objetivo: La asociación entre hormonas sexuales y densidad mineral ósea (DMO) ha sido bastante estudiada en mujeres 
sedentarias, pero no en mujeres entrenadas. Por tanto, el objetivo de este estudio fue analizar la influencia de las hormonas 
sexuales en la DMO de deportistas con diferentes perfiles hormonales: mujeres eumenorreicas, usuarias de la píldora anti-
conceptiva y mujeres postmenopáusicas. El segundo objetivo fue analizar si el consumo máximo de oxígeno (V̇O2max) o la 
sentadilla trasera (1RM) serían buenos predictores de DMO en dicha población.
Metodología: Sesenta y seis mujeres eumenorreicas, cuarenta y una usuaria de píldora monofásica y dieciséis mujeres 
postmenopáusicas bien entrenadas participaron en el estudio. Una densitometría ósea (DXA), una analítica basal y una prue-
ba de esfuerzo y/o de 1RM en sentadilla trasera fueron llevados a cabo. Con el objetivo de que todas las voluntarias fueran 
medidas bajo las mismas condiciones (bajos niveles de hormonas sexuales), todas las pruebas fueron realizadas en la fase 
folicular temprana para las mujeres eumenorreicas y en la fase no hormonal para las usuarias de píldora.
Resultados: ANCOVA de una vía mostró valores de DMO más bajos en mujeres postmenopáusicas (1,13±0,07g/cm2) compa-
rado con las eumenorreicas (1,19±0,08 g/cm2) (p=0,003) y las usuarias de píldora (1,17±0,07 g/cm2) (p=0,030). La correlación 
de Pearson mostró una relación positiva entre DMO y sentadilla (p<0,001), pero no mostró asociación con el V̇O2max.
Conclusión: Las mujeres postmenopáusicas presentan valores de DMO más bajo que las mujeres eumenorreicas y las usuarias 
de píldora. El descenso de DMO tras la menopausia parece no ser completamente compensado por la práctica de actividad 
física, aunque ésta puede atenuar ese descenso. Además, la sentadilla mostró una ligera asociación positiva con la DMO, por 
lo que el entrenamiento de fuerza podría ser la mejor opción para prevenir el descenso de DMO.
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Summary

Objective: The association between sex hormones and bone mineral density (BMD) has been studied in sedentary women, 
whereas only few studies have evaluated trained females. Therefore, the aim of this study was to assess the influence of sex 
hormones on BMD in well-trained females with different hormonal profiles: eumenorrheic females, oral contraceptive (OC) 
users and postmenopausal women. The secondary purpose was to determine if maximal oxygen consumption (V̇O2max) or 
maximal back squat strength (1RM) could be good predictors of BMD in this population.
Methods: Sixty-eight eumenorrheic, forty-one monophasic-OC users and sixteen postmenopausal well-trained females 
participated in this study. A Dual-energy X-ray Absorptiometry scan (DXA), a basal blood sample and a maximal back squat 
and/or a maximal treadmill test were performed. In order to measure all volunteers under similar hormonal conditions (low 
sex hormone levels), all tests were carried out during the early follicular phase for the eumenorrheic females and in the 
withdrawal phase for the OC group.
Results: One way ANCOVA reported lower values of BMD in postmenopausal (1.13±0.07g/cm2) than in eumenorrheic 
(1.19±0.08 g/cm2) (p=0.003) and OC users (1.17±0.07 g/cm2) (p=0.030). Pearson´s correlation showed a positive relationship 
between BMD and 1RM (p<0.001), but not with V̇O2max.
Conclusions: Lower BMD has been reported in postmenopausal women compared to both, eumenorrheic females and OC 
users. BMD loss after menopause seems to be not fully compensated by exercise, but this could effectively mitigate it. Moreover, 
1RM back squat reported a slight association to BMD. Hence, strength training may be the best choice to prevent BMD loss.
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 Introduction

Osteoporosis is a skeletal disease represented by low bone mineral 
density (BMD) due to an imbalance between rates of bone formation 
and bone resorption. BMD homeostasis depends on two bone cells: 
osteoblasts (which stimulate bone formation) and osteoclasts (which 
stimulate bone resorption)1. Osteoclasts also produce a glycoprotein 
called sclerostin, which inhibits bone formation2-4. The activity of these 
two cells is affected by many factors such as pregnancies, tobacco, 
calcium intake, 17β-estradiol (E2) levels, age, oral contraceptive (OC) 
use and physical activity5.

Sex hormones, specifically E2, play a key role in bone growth. These 
sex hormones are essential for the maintenance of bone tissue, since E2 
decrease osteoclasts formation and generation as well as stimulate their 
apoptosis6-9. In short, E2 suppress bone resorption and the production 
of sclerostin by inhibiting the osteoclasts activity. Moving on to the os-
teoblasts, in the last years some studies have proved the positive effect 
E2 has over these cells. It seems that these sex hormones stimulate os-
teoblasts activity, encouraging bone formation10-12. Although the role of 
the progesterone on BMD metabolism is still unclear13, it seems to have, 
together with E2, complementary bone action such as preserving peak 
bone mass and preventing pre- and perimenopausal bone loss14. Despite 
osteoporosis can also occur in young individuals, is most common in 
elderly population5, mainly due to the loss of the ovarian function and 
the decrease in sex hormones1. The drop in E2 produces an imbalance 
in bone formation and resorption, accelerating bone loss during the 
first years of the menopause15.

Furthermore, the use of OC pills has been widespread among fema-
les in the last few years, inducing a reduction of endogenous hormones 
production in this population. Depending on the dosages of exogenous 
sex hormones (ethinyl estradiol and progestin) presented in the con-
traceptive formulations, bone tissue metabolism might be affected16. 
Studies related to OC and BMD are still inconclusive possibly because 
of the differences in studies design, formulations and time of use of OC, 
different methods for measuring BMD and population characteristics16.

Exercise is advocated to be one of the best tools to increase bone mass 
and prevent its loss in elderly17,18. Physical and functional performance has 
been positive correlated with BMD as well as with the maximal oxygen 
consumption (V̇O2max) and strength19-23, hence BMD may be associated 
with these two performance variables. Hence, it seems that increasing 
bone mass before the postmenopause it´s a good way to prevent osteo-
porosis in elderly females24. In fact, an increase of 10% of bone tissue during 
the adulthood may reduce fracture risk in half in the future25.

Taking into account all the data aforementioned, we hypothesized 
that, in active population, OC users may have lower values of BMD 
regarding eumenorrheic females whereas postmenopausal athletes 
might have similar values of BMD to eumenorrheic. Thus, the aim of this 
study was to analyse the influence of sex hormone concentration on 
BMD in female athletes, comparing three different hormonal profiles: 
eumenorrheic, monophasic OC users and postmenopausal female 
athletes. Furthermore, a secondary objective of the present study was 
to determine if V̇O2max and maximal squat strength are good predictors 
of BMD in this population.

Material and method

Participants

Sixty-eight eumenorrheic females (26-32 days cycles length), forty-
one low dose monophasic OC users (4.13±3.83 years intaking them) and 
sixteen postmenopausal females (at least one year without menstrua-
tion) participated in this study. Volunteers characteristics are shown in 
Table 1 and the flow chart for participation is shown in Figure 1. At the 
start of the data collection, all participants conducted a questionnaire 
gathering information about training status, health conditions, dietary 
supplements consumption and type of OC pills when appropriate. 
Brands and formulation of OC pills used were: Ceciliana (n=3): ethinyl 
estradiol 0.03 mg and dienogest 2 mg; Drosure (n=2): ethinyl estradiol 
0.03 mg and drospirenone 3 mg; Yasmin (n=9): ethinyl estradiol 0.03 
mg and drospirenone 3 mg; Loette (n=4): ethinyl estradiol 0.02 mg and 
levonorgestrel 0.1 mg; Levobel (n=2); ethinyl estradiol 0.02 and levon-
orgestrel 0.1; Diane (n=4): ethinyl estradiol 0.035 mg and cyproterone 
2 mg; Edelsin (n=1): ethinyl estradiol 0.035 and Norgestimate 0.25 mg; 
Drosbelalleflex (n=2): ethinyl estradiol 0.02 mg and Drospirenone 3 mg; 
Melodene (n=2): ethinyl estradiol 0.015 mg and gestodene 0.06 mg; 
Linelle (n=3): ethinyl estradiol 0.02 mg and levonorgestrel 0.1 mg; Stada 
(n=1): ethinyl estradiol 0.02 mg and drospirenone 3 mg; Sibilla (n=3): 
ethinyl estradiol 0.03 mg and dienogest 2 mg. Thereby, exogenous sex 
hormones concentration mean for the OC group was 0.03±0.01 mg/
day of ethinyl estradiol and 1.79±1.28 mg/day of progestin. All of them 
were well-trained in endurance and/or in strength training (1.31±0.41 
hours per session, 3.9±1.1 sessions per week with 7.65±5.15 years of 

Figure 1. Flow chart with the sample we had for each test. 

OC: oral contraceptive; DXA: Dual-energy X-ray Absorptiometry scan; V̇O2max: maximal 
oxygen consumption; 1RM back squat: back squat maximal strength.
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experience for eumenorrheic females; 1.39±2.08 hours per session, 
3.68±1.15 sessions per week with 6.57±4.48 years of experience for the 
OC group; 1.17±0.31 hours per session, 3.9±1.16 sessions per week with 
7.9±3.31 years of experience for postmenopausal women). Females with 
metabolic pathologies, hormonal disorders, smoking habits, intaking 
supplementation or with injuries/surgeries in the last 6 months were 
excluded from this study. To be included in the study participants were 
required to be healthy adult females, without iron deficiency anemia 
(serum ferritin <20 μg/l, hemoglobin <115 μg/l and transferrin saturation 
<16%), non-pregnant or oophorectomized, not to consume medication 
that alters vascular function (e.g., tricyclic antidepressants, α-blockers, 
β-blockers, etc.) and they had to perform endurance and 7or strength 
training between 3 and 12 hours per week. All participants were infor-
med about the procedures and risks involved and an informed consent 
was obtained from each participant. The experimental protocol was 
approved by the ethical Committee of the Universidad Politécnica de 
Madrid and it is in accordance with The Code of Ethics of the World 
Medical Association (Declaration of Helsinki)26 (Figure 1).

Procedures

Volunteers first came to the laboratory to perform a Dual-energy 
X-ray Absorptiometry scan (DXA) to evaluate body composition, and 
a basal blood sample to discard possible diseases. After 60-90 min of 
ad-libitum meal, volunteers performed a 1RM back squat test (20 eu-
menorrheic females, 18 OC users and 12 postmenopausal) or a maximal 
treadmill test (47 eumenorrheic females, 38 OC users and 14 postme-
nopausal) to determine their 1RM back squat and their maximal V̇O2. 
Some volunteers performed both tests, conducting them in different 
menstrual cycles. In order to measure all groups under similar hormonal 
environment (low sex hormone levels), all these tests were carried out 
during the early follicular phase (between the 2nd and 5th day of the 
menstrual cycle, being the onset of the cycle the first day of menstrual 
bleeding) for the eumenorrheic females and in the withdrawal phase 
(between de 3rd and the 7th day of the placebo week) for the OC group.

Dual-energy X-ray Absorptiometry scan

A DXA scan (Version 6.10.029GE Encore 2002, GE Lunar Prodigy; GE 
Healthcare, Madison, WI, USA) was done between 8-10 am in fasting state 
to obtain the whole BMD. The scan was calibrated per two days using 
the phantom supplied by the manufacturer. All volunteers performed the 
test in underwear, with their body and hands in a supine position and 
their feet joined by a tape. During the measurements, moving and talking 
were forbidden. DXA scan was always carried out by the same researcher.

Maximal treadmill test

After a warm-up of 3 min walking on the treadmill at 6 km/h, the 
maximal running test started at 8km/h increasing its speed 0.2 km/h 
each 12 seconds until exhaustion. The test was carried out with a 
computerized treadmill (H/P/COSMOS 3PW 4.0; H/P/COSMOS Sports 
& Medical, Nussdorf-Traunstein, Germany). V̇O2 was measured with 
the gas analyser Jaeger Oxycon Pro (Erich Jaeger; Viasys Healthcare, 
Hoechberg, Germany).

1RM back squat test

The 1RM in the back squat exercise was determined by using the 
Powerlift App27. Participants performed a 5-min cycle-ergometer warm-up 
and some mobility and dynamic stretching exercises. Then, volunteers 
performed 4 sets of 1 rep with submaximal loads proportionally increa-
sed between 70% and 90% of participants’ maximum reported. A box 
was set just under participants tights in order to fix the point where 
tights were parallel to floor. 

Sex hormones analysis

Basal blood samples were taken between 8-10 am in fasting state 
to ensure that females were healthy and without hormonal disorders. 
Samples were obtained by venipuncture into a vacutainer containing 
clot activator. Following the inversion and clotting, the blood was 

Table 1. Characteristics of the study population.

  Eumenorrheic   OC users  Postmenopausal  

  Mean±SD n  Mean±SD n  Mean±SD n p

Age (yr) 32.90±10.22 68  26.48±4.74 48  51.71±3.69 16 0.000ψ

Height (cm) 163.76±5.96 68  163.01±5.94 48  160.97±5.31 16 0.233

Weight (kg) 59.25±9.54 68  58.23±5.95 48  56.08±8.32 16 0.386

BMI (kg/m2) 22.09±3.25 68  21.92±2 48  21.7±3.33 16 0.866

V̇O2max (ml/kg/min) 49.69±4.18 47  48.80±5.73 38  46.01±98 14 0.076

1RM back squat (kg) 74.55±16.73 20  66.83±15.24 18  50.33±4.19 13 0.000β

FSH (mUI/mL) 8.03±3.65 63  5.24±4.53 34  76.73±47.69 13 0.000β

LH (mUI/mL) 6.22±2.58 63  3.44±3.17 34  41.74±21.14 13 0.000β

E2 (pg/mL) 48.59±34.55 63  26.47±27.45 34  19.97±26.13 13 0.001¥

Progesterone (ng/mL) 0.46±0.72 63  0.28±0.17 34  0.21±0.17 13 0.169

BMI: body mass index; V̇O2max: maximal oxygen consumption; 1RM: maximal back squat strength; FSH: follicle-stimulating hormone; LH: luteinizing hormone; E2: 17 β-estradiol. 
ΨSignificant differences between all groups (p<0.001). 
βSignificant differences in postmenopausal regarding eumenorrheic females and OC users (p<0.001). 
¥Significant differences between eumenorrheic females and OC users (p<0.05). 
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centrifuged (Biosan LMC-300 version V.5AD) for 10 min at 3000 rpm 
and transferred into Eppendorf tubes and stored frozen at -80°C until 
further analysis. Then, the serum samples were delivered to the clinical 
laboratory to determine sex hormones and verify menstrual cycle 
phase. Luteinizing hormone (LH), follicle-stimulating hormone (FSH), 
E2 and progesterone were measured via ADIVA Centaur® solid-phase 
competitive chemiluminescent enzymatic immunoassay (Siemens city, 
Germany). Coefficients of variation reported by the laboratory were 7.74 
for FSH, 10.77 for LH, 7.84 for E2 and 14.11 for progesterone.

Statistical analysis 

All data are reported as means ± SD. One way ANCOVA was perfor-
med for comparisons among groups and age was used as a covariable. 
Scheffé test was applied to examine the pairwise comparison of each 
significant fixed factor. Pearson’s correlation was performed to verify 
the association between BMD and V̇O2max, 1RM back squat and sex hor-
mones concentrations. All tests were conducted with a 5% significance 
level. All data were initially tested for normality with the Kolmogorov-
Smirnov test. Statistical analyses were performed using SPSS software 
for windows, version 20.1 (IBM corp., Armonk, NY, USA).

Secondly, Cohen effects sizes (ES) were calculated to verify the 
magnitude of the mean differences between menstrual phases. The ES 
were interpreted based on the following criteria: <0.2 = trivial, 0.2 to 0.6 
= small effect, 0.6 to 1.2 = moderate effect, 1.2 to 2.0 = large effect, and 
>2.0 = very large28. The 90% confidence interval (CI) was also calculated. 
Magnitude Based Inferences were carried out to determine the benefi-
cial, trivial or harmful effect, of the menstrual cycle phases. When a clear 
interpretation was possible, a qualitative inference was given as follows: 
0.5% to 5%, very unlikely; 5% to 25%, unlikely; 25% to 75%, possibly; 
75% to 95%, likely; 95% to 99.5%, very likely; and >99.5%, most likely29.

Results

The one-way ANCOVA showed, as expected, significant differences 
between groups in age (F2,122=55.202) and weight (F2,121=4.339), having 
the postmenopausal females lower values in comparison with the 
eumenorrheic group (p=0.013) and OC users (p = 0.023). Nonetheless, 
no significant differences were reported for V̇O2max (F2,95=1.742) and 
1RM back squat (F2,46=2.706) among groups. In accordance with sex 
hormones, significant differences were found for FSH (F2,106=62.064) and 
LH (F2,106=82.820), where postmenopausal females presented higher 
values than eumenorrheic and OC users (p<0.001 for all comparisons). 
Moreover, E2 levels (F2,104=7.344) in eumenorrheic were significantly 

higher than in OC users (p=0.006); whereas, not significant differences 
were reported for progesterone (F2,106=1.705) among groups (Table 1).

Significant differences were observed for BMD (F2,121=5.708; 
p=0.004) among different hormonal profiles (Figure 2). Scheffé test 
reported lower values of BMD in postmenopausal females in relation to 
the eumenorrheic (p=0.003) and to the OC (p=0.030) group. Effect sizes 
and magnitude-based inferences for BMD among groups are shown in 
Table 2. A small and unclear effect for eumenorrheic and OC users was 
found; whereas a large and likely effect was reported when comparing 
postmenopausal females with eumenorrheic and OC users.

Pearson´s correlation did not show significant association between 
BMD and V̇O2max (Figure 3), whereas a positive relationship between BMD 
and 1RM was found (r=0.446; p=0.001) (Figure 4). Regarding sex hormones, 

Figure 2. BMD comparisons among different hormonal profiles: 
eumenorrheic (n=68), OC users (n=41) and postmenopausal 
females (n=16).
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Table 2. Pairwise comparison for BMD. Results expressed as effect size and magnitude based inference.

Variable Pairwise comparisons ES (90% CI) Chances of being Qualitative 
    negative/trivial/ positive inference

BMD (g/cm2) OC users vs Eumenorrheic -0.22 (-2.29, 1.85) 31.4/17.9/50.8 Unclear

  Postmenopausal vs Eumenorrheic -1.27 (-2.75, 0.21) 2.6/3.2/94.2 Likely

  Postmenopausal vs OC users -1.19 (-2.90, 0.53) 4.4/4.8/90.8 Likely

BMD: bone mineral density

Figure 3. Relationship between BMD and V̇O2max in well-trained 
females (n=99). 

BMD: bone mineral density; V̇O2max: maximal oxygen consumption.
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no significant association was found when correlating BMD with LH 
(r=-0.186; p=0.052), E2 (r=0.063; p=0.518) and progesterone (r=0.054; 
p=0.574). The FSH hormone reported a light negative correlation with 
BMD (r=-0.240; p=0.012).

Discussion

The aim of this study was to compare three different hormonal 
profiles (eumenorrheic, OC users and postmenopausal) to observe the 
influence of sex hormones on BMD in well-trained females. The main 
finding was that postmenopausal females have lower values of BMD 
compared with the eumenorrheic women and there is a light association 
between maximal back squat strength values and BMD.

Regarding BMD differences when comparing eumenorrheic and 
postmenopausal females, our results are in accordance with previous 
literature which reported a decrease in BMD because of the fall of 
plasmatic E2 in the elderly30-32. However, it is worth mentioning that 
previous studies carried out with sedentary healthy females33-35 showed 
decreases of BMD higher than those seen in our female athletes. In 
this line, the World Health Organization (WHO) showed that BMD 
loss in lumbar spine and femur in women, ranged from 10% to 20% 
in elderly33. These percentages were similar to the ones reported by 
Martin et al.34. Additionally, another research studying the whole body 
revealed a 20% reduction in bone mass at the age of 60 years old 
compared with the group between 20-40 years old35. In contrast, our 
results showed a difference of 5% on BMD comparing eumenorrheic 
with postmenopausal women. These differences between our results 
and previous studies might be explained by the positive effect that 
exercise exerts on bone mass, since exercise is well known as a good 
method for preserving bone tissue36-38.

According to young females the positive effect of OC use poin-
ted out by some previous studies30,39-41 has not been confirmed in 
the present investigation, since no differences were found between 
eumenorrheic and OC users. Our findings, however, are in accordance 

with others new findings that reported no differences in BMD with the 
use of OC pills16,42-48. The dosages of sex hormone concentrations could 
explain this discrepancy. Currently, ethinyl estradiol and progestin levels 
in OC pills are lower than they used to be in the past (e.g. ethinyl estra-
diol concentration was 150 mg/day but today is 15 mg/day; progestin 
concentration was 9.85 mg/day but today is 0.35 mg/day)49. This could 
be determinant when comparing BMD, since sex hormones, specially 
ethinyl estradiol, play an important role in bone metabolism. On the one 
hand, ethinyl estradiol decrease osteoclasts formation and generation 
as well as stimulate their apoptosis6-9. Hence, ethinyl estradiol suppress 
bone resorption by inhibiting the osteoclasts activity. On the other hand, 
recent studies showed that ethinyl estradiol may stimulate osteoblasts 
activity, encouraging bone formation10-12. Moreover, the time of OC 
use should be considered, since the period reported in the studies is 
different: 6 months16, 12 months47, 24 months43, 36 months30 or even 7 
years46. Finally the only study found with athletes (rowers) didn’t study 
BMD but bone metabolism markers50. All metabolic markers studied, 
osteocalcin (bone formation) and type I carboxyterminal telopeptide 
(ICTP) (bone resorption), were lower in OC users compared with eume-
norrheic females which could suggest that no differences in BMD may 
exist between groups.

Another objective of the present study was to determine if V̇O2max 
and maximal back squat strength are good predictors of BMD in this 
population. Our results didn’t show significant association between 
BMD and V̇O2max, whereas a positive correlation between BMD and 
1RM was found. Although previous literature reported a strong positive 
correlation between BMD and maximal V̇O2max in sedentary females48,51-53, 
our data did not support these findings. These differences might be 
explained by the training status of the samples. Our volunteers were 
physically active so they all have high levels of V̇O2max and BMD, whereas 
previous literature has been carried out with sedentary females48,51-53. 
This could have led to a spurious correlation, since so the women with 
higher levels of V̇O2max might be those more active, and therefore with 
more frequent stimuli for BMD increase as well. So that, V̇O2max could 
not be a good predictor of BMD when studying active population since 
training status could be a confounding variable. However, regarding 
1RM back squat, a positive correlation with BMD was found. This result 
confirmed the strong association between BMD and muscle strength 
previously documented in female athletes54-58 as well as the good 
predictor that muscle strength is for BMD recorded in advance with 
healthy females20,21,59,60. Thus, not only might strength levels be deter-
minant for BMD in sedentary population but also in active people. This 
association could be explained by the fact that the greater the muscle 
mass, the higher the forces exerted by the tendons over the bones. So 
that, bones have to resist these mechanical forces, which makes them 
become stronger61.

Finally, the association between sex hormones and BMD were not 
significant for any but for FSH, where a negative correlation was obser-
ved. On the basis of the hormones released by the anterior pituitary, 
negative correlations between LH and BMD as well as FSH and BMD 
were reported in previous studies carried out with healthy Chinese 
women62,63, there foreign line with our results. The negative correlation 
found between FSH and BMD could be explained by the fact that this 
sex hormone could stimulate osteoclasts and induce immune cells to 

Figure 4. Relationship between BMD and maximal back squat 
strength in well-trained females (n=50). 

BMD: bone mineral density; 1RM: 1RM back squat.
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excrete TNF-α promoting bone resorption62. Indeed, another study con-
firmed that FSH is related to bone turnover indicators64 and the risk of 
osteoporosis63. Moving on to the ovarian sex hormones, the critical role 
of E2 in bone metabolism is consistent with several previous reports6-12 

as well as progesterone, which preserves peak bone mass and prevents 
bone loss14. Despite previous studies reported a positive association 
between E2 and BMD65,66 as well as between progesterone and BMD67 

in sedentary females, our findings didn´t show these correlations. 
These discrepancies may be due to population characteristics, since 
previous researches were carried out with sedentary women, whereas 
the current study with female athletes. It is well known that exercise is 
one of the best ways for increasing bone mass and preventing it loss17,18. 
Thus, although sex hormones play a key role in bone metabolism, their 
influence becomes less crucial in trained females, since exercise is an 
important positive factor. Furthermore, a recent study carried out with 
healthy Chinese women, reported no association between E2 and BMD, 
suggesting that decreases in BMD in the elderly is associated with the 
increased of FSH and LH levels, rather than the decreased of E262.

The current study attempts to address a gap in the research through 
investigation of an important variable like BMD in well-trained females. 
The strengths of our study included the inclusion of different female 
hormonal profiles and the recruitment of a homogenous group of active 
and healthy women for all of them: eumenorrheic females, OC users 
and postmenopausal women. However, longitudinal studies with an 
intra-subject design should be carried out to explore the influence of 
the hormonal changes throughout life span. Finally, a limitation of this 
study could be not have taken into account the direct relation between 
FSH and E2, hence the increase in FSH after menopause is related to the 
absence of E2. Thus, it would have been interesting to evaluate how 
long have postmenopausal women been in menopause.

The present study showed lower BMD in postmenopausal than 
eumenorrheic in spite of the regular practice of exercise. Nonetheless, 
it´s worth mentioning that previous studies carried out with sedentary 
healthy females showed decreases of BMD higher than those seen in 
our well-trained postmenopausal females. Differences between study 
results might be explained by the positive effect that exercise could exert 
on bone mass. Therefore, the BMD loss after menopause seems to be 
not fully compensated by exercise, but this could effectively mitigate it 
during this stage. Interestingly, maximal oxygen consumption did not 
correlate to BMD in this population; while1RM back squat reported a 
slight association to BMD. Hence, strength training may be the best 
choice to prevent BMD loss.

Acknowledgments

The authors thank their laboratory partners and nurses for their help 
doing the data collection, all volunteers that selflessly participated in this 
study and the Agencia Española de Protección de la Salud en el Deporte 
(AEPSAD) for their help doing the blood analyses.

Conflict of interest

The authors do not declare a conflict of interest.

Funding

This work was supported by the Ministerio de Economía y 
Competitividad, Convocatoria de ayudas I+D 2016, Plan Estatal de 
Investigación Científica y Técnica y de Innovación 2013-2016 (Contract 
DEP2016-75387-P).

Bibliography

 1. Karsenty G. The mutual dependence between bone and gonads. J Endocrinol. 2012; 
213:107-14.

 2. Arboleya L, Castañeda S. Osteoclasts: much more than bone remodelling cells. Rev 
Osteop Metab Min. 2014;6:109-21.

 3. Ardawi MSM, Al-Kadi HA, Rouzi AA, Qari MH. Determinants of serum sclerostin in 
healthy pre-and postmenopausal women. J Bone Mine Res. 2011;26:2812-22.

 4. Mödder UI, Clowes JA, Hoey K, Peterson JM, McCready L, Oursler MJ, et al. Regulation 
of circulating sclerostin levels by sex steroids in women and in men. J Bone Miner Res. 
2011;26:27-34.

 5. Huitrón-Bravo G, Denova-Gutiérrez E, Talavera JO, Moran-Villota C, Tamayo J, Omaña-
Covarrubias A, et al. Levels of serum estradiol and lifestyle factors related with bone 
mineral density in premenopausal Mexican women: a cross-sectional analysis. BMC 
Musculoskelet Disord. 2016;17:437.

 6. Chen F-P, Wang K-C, Huang J-D. Effect of estrogen on the activity and growth of human 
osteoclasts in vitro. Taiwan J Obstet Gynecol. 2009;48:350-5.

 7. Hughes DE, Dai A, Tiffee JC, Li HH, Mundy GR, Boyce BF. Estrogen promotes apoptosis 
of murine osteoclasts mediated by TGF–β. Nat Med. 1996;2:1132.

 8. Imai Y, Youn MY, Kondoh S, Nakamura T, Kouzmenko A, Matsumoto T, et al. Estrogens 
maintain bone mass by regulating expression of genes controlling function and life 
span in mature osteoclasts. Ann N Y Acad Sci. 2009;1173:E31-E39.

 9. Krum SA, Miranda-Carboni GA, Hauschka P V, Carroll JS, Lane TF, Freedman LP, et al. 
Estrogen protects bone by inducing Fas ligand in osteoblasts to regulate osteoclast 
survival. J Embo. 2008;27:535-45.

 10. Deng Z, Peng S, Zheng Y, Yang X, Zhang H, Tan Q, et al. Estradiol activates chloride 
channels via estrogen receptor-α in the cell membranes of osteoblasts. Am J Physiol-
Cell Ph. 2017;313:C162-C172.

 11. Steffi C, Wang D, Kong CH, Wang Z, Lim PN, Shi Z, et al. Estradiol-loaded poly 
(ε-caprolactone)/silk fibroin electrospun microfibers decrease osteoclast activity and 
retain osteoblast function. ACS Appl Mater Inter. 2018;10:9988-98.

 12. Wang Y-x., Li M, Zhang H-q, Tang M-x, Guo C-f, Deng A, et al. Opposite function of ERα 
and ERβ in controlling 17β-estradiol-mediated osteogenesis in osteoblasts. Arch Med 
Res. 2016;47:255-61.

 13. Nappi C, Bifulco G, Tommaselli GA, Gargano V, Di Carlo C. Hormonal contraception 
and bone metabolism: a systematic review. Contraception. 2012;86:606-21.

 14. Seifert-Klauss V, Prior JC. Progesterone and bone: actions promoting bone health in 
women. J Osteoporos. 2010; 2010.

 15. Clarke BL, Khosla S. Physiology of bone loss. Radiol Clin. 2010;48:483-95.

 16. Di Carlo C, Gargano V, Sparice S, Tommaselli GA, Bifulco G, Schettino D, et al. Short-
term effects of an oral contraceptive containing oestradiol valerate and dienogest on 
bone metabolism and bone mineral density: An observational, preliminary study. Eur 
J Contracept Reprod Helath Care. 2013;18:388-93.

 17. Bloomfield SA, Little K, Nelson M, Yingling V. American College of Sports Medicine 
position stand: physical activity and bone health. Med Sci Sports Exerc. 2004;195:3611.

 18. Martyn-St James M, Carroll S. Effects of different impact exercise modalities on bone 
mineral density in premenopausal women: a meta-analysis. J Bone Mine Res. 2010; 
28:251-67.

 19. Sergi G, Coin A, Sarti S, Perissinotto E, Peloso M, Mulone S, et al. Resting VO2, maximal 
VO2 and metabolic equivalents in free-living healthy elderly women. Clin Nutr. 2010; 
29:84-88.

 20. Edwards MH, Gregson CL, Patel HP, Jameson KA, Harvey NC, Sayer AA, et al. Muscle 
size, strength, and physical performance and their associations with bone structure 
in the Hertfordshire Cohort Study. J Bone Miner Res. 2013;28:2295-04.

 21. Janz KF, Letuchy EM, Burns TL, Francis SL, Levy SM. Muscle power predicts adolescent 
bone strength: Iowa bone development study. Med Sci Sports Exerc. 2015;47:2201.

 22. Lorbergs AL, Farthing JP, Baxter-Jones AD, Kontulainen SA. Forearm muscle size, 
strength, force, and power in relation to pQCT-derived bone strength at the radius in 
adults. Appl Physiol Nutr Metab. 2011;36:618-25.



Bone mineral density in well-trained females with different hormonal profiles

85Arch Med Deporte 2021;38(2):79-85

 23. Robling AG. Is bone’s response to mechanical signals dominated by muscle forces? 
Med Sci Sports Exerc. 2009;41:2044.

 24. Kerschan-Schindl K. Prevention and rehabilitation of osteoporosis. Wien Med Wochens-
chr. 2016;166:22-27.

 25. Bonjour J-P, Chevalley T, Rizzoli R, Ferrari S. Gene-environment interactions in the 
skeletal response to nutrition and exercise during growth. Med Sport Sci. 2007;51:64-80.

 26. Association WM. World Medical Association Declaration of Helsinki. Ethical principles 
for medical research involving human subjects. Bull World Health Organ. 2001;79:373.

 27. Balsalobre-Fernández C, Marchante D, Muñoz López M, Saiz S. Validity and reliability of 
a novel iPhone app for the measurement of barbell velocity and 1-RM on the bench-
press exercise. J Sports Sci. 2017;36.

 28. Hopkins W, Marshall S, Batterham A, Hanin J. Progressive statistics for studies in sports 
medicine and exercise science. Med Sci Sport Exer. 2009;41:3-12.

 29. Batterham AM, Hopkins WG. Making meaningful inferences about magnitudes. Int J 
Sport Physiol. 2006;1:50-7.

 30. Volpe A, Amram A, Cagnacci A, Battaglia C. Biochemical aspects of hormonal con-
traception: effects on bone metabolism. Eur J Contracept Reprod Health Care. 1997; 
2:123-6.

 31. Karlamangla AS, Burnett-Bowie S-AM, Crandall CJ. Bone Health During the Menopause 
Transition and Beyond. Obstet Gynecol. 2018;45:695-08.

 32. Rizzoli R. Postmenopausal osteoporosis: Assessment and management. Best Pract Res 
Clin Endocrinol Metab. 2018.

 33. Martín A, Pereda RG, Diez JS, Atance LV, Sotos TD, Martínez MI, et al. Clasificación y 
correlación de la masa ósea según criterios de la OMS dependiendo del lugar de 
medición y de la edad, 2008.

 34. Martín AP, Pereda RG, Díaz JS, Atance LV, Lanza JL, Sotos TD, et al. Efecto de la edad y 
de la menopausia sobre la masa sea. Rev Esp Enf Metab Óseas. 2006;15:57-62.

 35. Raad J. Behavior of bone mass and prevalence of osteoporosis in a colombian coast 
population. Rev Esp Enf Metab Oseas. 2001;10:183-14.

 36. Kemmler W, Engelke K, von Stengel S. Long-Term Exercise and Bone Mineral Density 
Changes in Postmenopausal Women—Are There Periods of Reduced Effectiveness? 
J Bone Mine Res. 2016;31:215-22.

 37. Moreira LDF, Oliveira MLd, Lirani-Galvão AP, Marin-Mio RV, Santos RNd, Lazaretti-Castro 
M. Physical exercise and osteoporosis: effects of different types of exercises on bone 
and physical function of postmenopausal women. Arq Bras Endocrinol Metab. 2014; 
58:514-22.

 38. Xu J, Lombardi G, Jiao W, Banfi G. Effects of exercise on bone status in female subjects, 
from young girls to postmenopausal women: an overview of systematic reviews and 
meta-analyses. Sports Med. 2016;46:1165-82.

 39. Goldsmith N, Johnston J. Bone mineral: effects of oral contraceptives, pregnancy, and 
lactation. J Bone Joint Surg Am. 1975;57:657-68.

 40. Lindsay R, Tohme J, Kanders B. The effect of oral contraceptive use on vertebral bone 
mass in pre-and post-menopausal women. J Contracept. 1986;34:333-40.

 41. Stevenson JC. Pathogenesis, prevention, and treatment of osteoporosis. Obstet Gynecol. 
1990; 75:36S-41S; discussion 51S-52S.

 42. Allali F, El Mansouri L, zohra Abourazzak F, Ichchou L, Khazzani H, Bennani L, et al. The 
effect of past use of oral contraceptive on bone mineral density, bone biochemical 
markers and muscle strength in healthy pre and post menopausal women. BMC 
womens health. 2009;9:31.

 43. Berenson AB, Breitkopf CR, Grady JJ, Rickert VI, Thomas A. Effects of hormonal contra-
ception on bone mineral density after 24 months of use. Am J Obstet Gynecol. 2004; 
103:899-6.

 44. Gargano V, Massaro M, Morra I, Formisano C, Di Carlo C, Nappi C. Effects of two low-
dose combined oral contraceptives containing drospirenone on bone turnover and 
bone mineral density in young fertile women: a prospective controlled randomized 
study. J Contracept. 2008;78:10-5.

 45. Nappi C, Sardo ADS, Greco E, Tommaselli GA, Giordano E, Guida M. Effects of an oral 
contraceptive containing drospirenone on bone turnover and bone mineral density. 
Obstet Gynecol. 2005;105:53-60.

 46. Cobb K, Kelsey J, Sidney S, Ettinger B, Lewis C. Oral contraceptives and bone mineral 
density in white and black women in CARDIA. Osteoporos Int. 2002;13:893-00.

 47. Rizzo ACB, Goldberg TBL, Biason TP, Kurokawa CS, da Silva CC, Corrente JE, et al. One-
year adolescent bone mineral density and bone formation marker changes through 
the use or lack of use of combined hormonal contraceptives. J Pedriatria. 2018.

 48. Afghani A, Abbott A, Wiswell R, Jaque S, Gleckner C, Schroeder E, et al. Bone mineral 
density in Hispanic women: role of aerobic capacity, fat-free mass, and adiposity. Int 
J Sports Med. 2004;25:384-90.

 49. White CP, Hitchcock CL, Vigna YM, Prior JC. Fluid retention over the menstrual cycle: 
1-year data from the prospective ovulation cohort. Obstet Gynecol Int. 2011;2011.

 50. Jürimäe J, Vaiksaar S, Mäestu J, Purge P, Jürimäe T. Adiponectin and bone metabolism 
markers in female rowers: eumenorrheic and oral contraceptive users. J Endocrinol 
Invest. 2011;34:835-9.

 51. Arazi H, Eghbali E. The relationship of maximal oxygen consumption to bone mineral 
density in Iranian young women. Am J Hum Biol. 2018;30:e23172.

 52. El Hage R, Zakhem E, Theunynck D, Zunquin G, Bedran F, Sebaaly A, et al. Maximal 
oxygen consumption and bone mineral density in a group of young Lebanese adults. 
J Clin Densitom. 2014;17:320-4.

 53. Vicente-Rodriguez G, Ara I, Perez-Gomez J, Serrano-Sanchez JA, Dorado C, Calbet J. 
High femoral bone mineral density accretion in prepubertal soccer players. Med Sci 
Sports Exerc. 2004;36:1789-95.

 54. Di Monaco M, Di Monaco R, Manca M, Cavanna A. Handgrip strength is an indepen-
dent predictor of distal radius bone mineral density in postmenopausal women. Clin 
Rheumatol. 2000;19:473-6.

 55. Harris S, Dawson-Hughes B. Weight, body composition, and bone density in postme-
nopausal women. Calcified tissue Int. 1996;59:428-32.

 56. Michaëlsson K, Bergström R, Mallmin H, Holmberg L, Wolk A, Ljunghall S. Screening for 
osteopenia and osteoporosis: selection by body composition. Osteoporosis Int. 1996; 
6:120-6.

 57. Proctor D, Melton Iii L, Khosla S, Crowson C, O’connor M, Riggs B. Relative influence of 
physical activity, muscle mass and strength on bone density. Osteoporosis Int. 2000; 
11:944-52.

 58. Valdimarsson Ö, Kristinsson J, Stefansson S, Valdimarsson S, Sigurdsson G. Lean mass 
and physical activity as predictors of bone mineral density in 16–20-year old women. 
J Intern Med. 1999;245:489-96.

 59. El Hage RP, Courteix D, Benhamou C-L, Jacob C, Jaffré C. Relative importance of lean 
and fat mass on bone mineral density in a group of adolescent girls and boys. Eur J 
Appl Physiol. 2009;105:759-64.

 60. Guadalupe-Grau A, Fuentes T, Guerra B, Calbet JA. Exercise and bone mass in adults. 
Sports Med. 2009; 39:439-68.

 61. Iwaniec UT, Turner RT. Influence of body weight on bone mass, architecture and 
turnover. J Endocrinol. 2016;230:R115-R130.

 62. Wu XY, Yu SJ, Zhang H, Xie H, Luo XH, Peng YQ, et al. Early bone mineral density decrease 
is associated with FSH and LH, not estrogen. Clin Chimica Acta. 2013;415:69-73.

 63. Xu ZR, Wang AH, Wu XP, Zhang H, Sheng ZF, Wu XY, et al. Relationship of age-related 
concentrations of serum FSH and LH with bone mineral density, prevalence of osteo-
porosis in native Chinese women. Clin Chimica Acta. 2009; 400:8-13.

 64. Wu XY, Wu XP, Xie H, Zhang H, Peng YQ, Yuan LQ, et al. Age-related changes in bio-
chemical markers of bone turnover and gonadotropin levels and their relationship 
among Chinese adult women. Osteoporos Int. 2010; 21:275-85.

 65. Goderie-Plomp HW, van der Klift M, de Ronde W, Hofman A, de Jong FH, Pols HA. 
Endogenous sex hormones, sex hormone-binding globulin, and the risk of incident 
vertebral fractures in elderly men and women: the Rotterdam Study. J Clin Endoc & 
Metab. 2004;89:3261-9.

 66. Nguyen HT, von Schoultz B, Nguyen TV, Thang TX, Chau TT, Duc P T, et al. Sex hormone 
levels as determinants of bone mineral density and osteoporosis in Vietnamese women 
and men. J Bone Mine Res. 2015;33:658-65.

 67. Lu L-JW, Nayeem F, Anderson KE, Grady JJ, Nagamani M. Lean body mass, not estrogen 
or progesterone, predicts peak bone mineral density in premenopausal women. J 
Nutrition. 2008;139:250-6.


