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ABSTRACT

Cumulative epidemiological evidence demonstrates that regular physical exercise is one of the most powerful lifestyle strategies
used to mitigate the risk of developing breast cancer (BrC) and the disease recurrence. The physical exercise recommendations
for BrC survivors follow the general physical activity guidelines, 150 minutes of moderate-intensity exercise or 75 minutes of
vigorous aerobic activity per week. However, to better understand the mechanisms underlying the positive effects of physical
exercise is very important to prescribe and implement the most optimal training routine in BrC survivors. As far as we know,
sex steroid hormonal response is one of the mechanisms why physical exercise exerts its effects with an additional impact
on systemic levels of cancer risk factors. Here, we review the evidence of the physical exercise-mediated alterations in sex
steroid hormones and of their ability to prevent or attenuate skeletal toxicities induced by BrC, providing an overview of the
effects of physical exercise on the BrC-related underlying mechanisms.
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Introduction

Breast cancer (BrC) is the leading cancer diagnosis
and the second most frequent cause of cancer-related
deaths in females [1]. Although with high survival rates,
BrC survivors experience many late and long-term side
effects which negatively affect their quality of life after
the disease diagnosis and treatments [2-4]. Clinical
practice guidelines for BrC survivors included healthy-
lifestyle counselling related to nutrition, obesity, and
physical inactivity [2]. Indeed, physical exercise in
oncologic patients has gained a lot of attention, driven
by consistent epidemiological evidence that regular
physical exercise is associated with lower risk of devel-
oping BrC and its recurrence as compared with inactive
lifestyle in cancer survivors [5-8]. Also, additional
effects of physical exercise mitigate several adverse
events bound with BrC and its treatments [9-11]. The
understanding of the biological mechanisms behind
the protective role of physical exercise in BrC indicates

some relevant processes like regulation of the systemic
levels of known risk factors, i.e. sex steroid hormones,
which have been considered the main candidates as
mediators of the physical exercise-dependent protec-
tion against BrC [12, 13]. In premenopausal women,
oestrogens are mainly produced by ovaries, while in
postmenopausal women, they are primarily produced
in the adipose tissue through aromatization of androgen
percursors [14]. After menopause, circulating sex
steroid hormones levels and body composition are
tightly correlated [15]. Studies consistently reported
that elevated circulating sex hormones correlated
with increased risk of BrC in postmenopausal wom-
en [16-18]. In this review, we focused on the evidence
of the physical exercise-mediated alterations in sex
steroid hormones and, additionally, their ability to pre-
vent or attenuate skeletal toxicities induced by BrC,
providing an overview of the effects of physical exer-
cise on the BrC-related underlying mechanisms.
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The impact of physical exercise
on sex steroid hormones

Premenopausal circulating sex steroid hormones

The association between endogenous oestrogens
and androgens synthesis and BrC risk [14, 19] and its
biological mechanisms has been described [20]. Oestra-
diol, a steroid hormone, has been shown to increase
breast cell mitosis in vitro, as well as oestrogens and
their metabolites to induce deoxyribonucleic acid dam-
age, genetic instability, and cell mutations in vivo
[21, 22]. On the other hand, the role of androgens is
more complex as both inhibitory and proliferative ef-
fects occur in breast tissue [21], but higher premeno-
pausal androgen levels were likely associated with
increased BrC risk [19, 23, 24]. Some studies [14, 19, 22]
have shown a tendency for circulating premenopausal
steroid hormones to be correlated with BrC risk, but
only one of the larger studies [23] demonstrated a strong
positive relationship between oestrogen levels and BrC
risk. Furthermore, luteal phase oestradiol levels were
suggestively associated with hormone receptor-positive
tumours, oestrogen and progesterone receptors or both,
but no other strong associations were detected with
oestrogens [19]. During the follicular phase, serum levels
of oestradiol and the sex hormone binding globulin
(SHBG) were strongly correlated with breast density
in premenopausal women [14]. It should be noted that
one of the major challenges in measuring premeno-
pausal oestrogens is the fluctuation of oestrogen levels
across the menstrual cycle and, thus, the potential
association between the concentration of circulating
sex hormones and BrC risk needs further studies.

Overweight/obesity is widely recognized as a risk
factor for several types of cancer, including BrC [25, 26].
Literature supports an inverse association or no asso-
ciation between high body mass index (BMI) and pre-
menopausal hormone receptor-positive BrC risk [25-
28]. When abdominal adiposity was considered as
a factor, a significant association with both pre- and
postmenopausal BrC risk was detected [29]. The in-
cidence of oestrogen receptor-positive BrC in obesity
supports the role of oestrogen in BrC carcinogenesis,
highlighting the significance of adipose tissue as an
endocrine organ [25, 30]. Nevertheless, the relationship
between overweight/obesity and BrC risk is complex
and depends on other factors.

2

Physical exercise has been recognized as one of the
strongest strategies to decrease BrC risk by approxi-
mately 25-30% [2, 8] in healthy and young women.
Although many mechanisms have been suggested for
the protective role of physical exercise in the context
of BrC, a decrease of circulating levels of steroid hor-
mones is one that has been widely indicated. Rand-
omized controlled trials conducted among healthy
women demonstrated a significant decrease in total
and free circulating oestradiol concentrations induced
by physical activity [13, 31]. A clinical study [32] in-
volving sedentary premenopausal women reported
that a 4-cycle intervention of moderate-intensity aero-
bic exercise combined with caloric restriction resulted
in significant decreases in serum oestradiol and uri-
nary estrone-1-glucuronide and pregnanediol glucu-
ronide levels. In contrast, Smith et al. [33] found no al-
terations in oestradiol, estrone sulfate, testosterone, or
SHBG levels after 16 weeks (4 menstrual cycles) of
aerobic exercise (150 minutes per week at 65-70% of
maximum age-predicted heart rate) in sedentary,
healthy, young and eumenorrheic women. Although
studies demonstrated the effect of physical exercise on
free oestradiol, a small part of those reporting total
oestradiol revealed that the effect of physical exercise
was more obvious for free oestradiol than for total
oestradiol. The observation that the decreased total
oestradiol was related to intervention-induced weight
loss, whereas the decrease in free oestradiol was not
suggests that the effect of physical exercise on oestra-
diol is not mediated solely by weight loss but also by
the need of oestradiol through increasing levels of bind-
ing proteins, as in the case of SHBG levels [34]. As
reported by McTiernan et al. [35], 12-week moderate-
intensity aerobic exercise was able to increase SHBG
levels, which likely results in decreased amounts of
unbound, active oestrogens and androgens in circu-
lation. Similarly, high-intensity and strength exercise
intervention led to a significant decrease in free testos-
terone but not in total testosterone levels [34].

Postmenopausal circulating sex steroid hormones

After menopause, adipose tissue is the most impor-
tant source of oestrogens biosynthesis because the en-
zyme aromatase converts adrenal androgens to oes-
trogen [15]. Endogenous sex hormones, particularly
oestrogens, have been described to be involved in the
initiation, promotion, and progression of tumours [12].
Prolonged exposure to high endogenous hormone levels
is considered one of the main risk factors for female
BrC, with a relative risk of 2.0 (95% CI: 1.47-2.71) for
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postmenopausal women with the highest oestradiol
concentrations [16]. A reanalysis of studies performed
by the Endogenous Hormones and Breast Cancer Col-
laborative Group concluded that the circulating sex
hormone levels in postmenopausal women were strongly
associated with several established or suspected risk
factors for BrC, including overweight/obesity and low
levels of physical exercise [16]. For postmenopausal
women, meta-analyses showed positive relationships
among overweight, excessive abdominal adiposity, and
risk of hormone receptor-positive (oestrogen and pro-
gesterone receptor-positive, ER+/PR+) BrC [18, 36].
Cross-sectional studies revealed that serum estrone
and oestradiol levels were strongly associated with
BMI in postmenopausal women [17, 37]. After meno-
pause, the increase in risk of BrC related with obesity
may be explained by the relatively high circulating
concentrations of free oestradiol observed in obese
postmenopausal women [16]. In contrast to oestrogens,
circulating SHBG levels have been consistently reported
to be inversely associated with BMI and abdominal
adiposity while low SHBG levels result in higher levels
of free oestradiol and free testosterone in overweight
and obese women [17, 38]. Abdominal adipose tissue
accumulation is associated with higher levels of insu-
lin, which inhibits SHBG production [39]. There are
some key factors that are augmented in breast tissue of
obese women which likely act as stimulators of aro-
matase, enzyme responsible for the rate-limiting step
of oestrogen biosynthesis [1]. The production of these
factors is involved in mechanisms for activation of
the immune system, linking the immune and hormo-
nal response of obesity [30, 40]. For example, the pro-
duction and secretion of tumour necrosis factor-a in
adipose-infiltrating macrophages rouses the expres-
sion of aromatase in adipose fibroblasts [1]. Indeed, in-
creased aromatase levels have been reported in visceral
subcutaneous adipose tissue and in adipose tissue of
breast of obese postmenopausal women, including
inflamed breast adipose tissue of obese women diag-
nosed with BrC [41]. This obesity-inflammation-aro-
matase axis has been proposed as an important mecha-
nism underlying the risk of BrC in postmenopausal
women, increasing oestrogen levels in the breast tissue.

Weight loss interventions have been shown to have
beneficial effects on oestradiol, free oestradiol, SHBG,
and free testosterone concentrations [6, 42] in BrC
survivors. Accumulative evidence shows that greater
amounts of physical activity with > 250 minutes per
week are associated with clinically significant weight
loss and weight maintenance after weight loss [5, 43].
A combined aerobic and resistance exercises program

has been demonstrated to be more effective to induce
favourable outcomes on body composition by improv-
ing fat-free mass and loss of fat mass [5, 7], supporting
current recommendations for lifestyle interventions
for weight loss. In a study by Van Gemert et al. [6], physi-
cal exercise-induced fat loss significantly decreased
sex steroid hormones and increased SHBG levels, re-
sulting in a less unbound and biologically active
oestradiol and testosterone. Other studies found that
daily physical activity levels were inversely associated
with circulating concentrations of testosterone, oestra-
diol, and oestrogen and testosterone/SHGB ratio, as
well as positively associated with SHBG in postmeno-
pausal women [44, 45]. These observations mainly
corresponded with weight loss accompanied by de-
creased accumulation of abdominal adipose tissue
[46-48], the main source of oestrogens after meno-
pause. It may also be mediated by the disruption of the
menstrual cycle before menopause [14, 19], especially
when physical exercise is associated with low energy
density diets. More recently, 6 randomized controlled
trials comprised in a meta-analysis have shown that
a combined intervention including low calorie intake
and physical exercise, with durations ranging from 16
to 52 weeks, had a positive impact on estrone, total and
free oestradiol, free testosterone, and SHBG levels in
healthy postmenopausal women [49]. Physical exercise
without dietary changes was also effective on andros-
tenedione, total oestradiol, and free testosterone in
healthy postmenopausal women [49]. Only one study
demonstrated that 14 weeks of intensive combined
aerobic and resistance exercises (4 hours/week) induced
favourable body composition alterations by reducing fat
mass and improving fat-free mass (lean mass) com-
pared with a group with similar amount of weight loss
induced by following a hypocaloric diet only [6]. More-
over, Rock et al. [50] reported that postmenopausal
women who lost more than 5% of body weight had
lower estrone, oestradiol, and bioavailable oestradiol
concentrations than women who did not lose weight,
suggesting that weight loss promotes favourable changes
in systemic biological mediators that have been linked
to increased risk for recurrence and mortality in over-
weight/obese BrC survivors. Therefore, a decrease of
13% in oestradiol concentrations has been implied to
reduce the risk of BrC by 8-10% in overweight/obese
postmenopausal women [6]. Moreover, in overweight,
inactive postmenopausal women, 6-7% weight loss
induced by 14 weeks of Nordic walking plus a resist-
ance exercise program resulted in improved physical
fitness and higher levels on free testosterone [6]. These
findings support the knowledge that the loss of fat mass
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Figure 1. Schematic diagram depicting physical exercise interventions modulating sex steroid on BrC

induced by physical exercise instead of diet alone me-
diates the beneficial effects of physical exercise on sex
hormones and help understand the underlying mecha-
nisms connecting physical exercise, sex hormones,
and decreased BrC risk (Figure 1).

Circulating sex steroid hormones
and bone mineral density

Oestrogens play a role in bone growth by inhibiting
resorption and increasing the production of hormones
involved in bone development, such as 1,25-dihydroxy-
vitamin D, growth hormone, and insulin-like growth
factor-1, in premenopausal women [51, 52]. Neverthe-
less, no association was demonstrated between serum
oestrogen concentrations and bone mineral density
(BMD) in premenopausal women during follicular
phase [14], while others [53] reported significant in-
verse relationships between pelvic BMD and urinary
2-hydroxyestrone E1 and 160-hydroxyestrone E1, two
oestradiol metabolites (or genotoxic oestrogens) [54].
Furthermore, an increase of testosterone concentration
has been shown to be associated with higher BMD in
oestrogen-deficient premenopausal women, and bone
loss from the hip was significantly associated with lower
androgen concentration [55]. Yong et al. [14] hypothe-
sized that higher testosterone concentrations would be
associated with higher BMD owing to the aromatization
of testosterone into oestrogens in fat and other tissues
[15], but in opposition they observed no relationship
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between testosterone and lumbar or pelvic BMD, but
a significant inverse association between testoster-
one and head BMD after adjusting for BMI in healthy
regularly menstruating women. These findings suggest
that as the head is subjected to minimal muscular
activity, mechanical stress may provide a more accu-
rate assessment of hormonal, genetic, and dietary in-
fluences in the mineral status of the skeleton compared
with other, more frequent sites of BMD measurement,
such as the lumbar region, hip, and femur.

Cancer and its treatments-induced bone loss are well
reported as a long-term problem in BrC survivors after
treatment for cancer malignancies in pre- and post-
menopausal women. Indeed, women with history of BrC
had an average of 70 more factures compared with
women without BrC [3]. Chemotherapies are commonly
used in the management of BrC; they may promote
ovarian dysfunction and accelerate bone loss in pre-
menopausal women and, therefore, increase the risk
for clinical fractures. In fact, women diagnosed with
BrC can lose up to 6.8% of BMD during a 3-year fol-
low-up period and chemotherapy and endocrine thera-
pies are considered the major risk factors [4, 56]. For
example, tamoxifen, a selective oestrogen receptor
modulator, has both agonist and antagonist effects. In
premenopausal women with BrC, tamoxifen can have
a negative impact on bone and trials have shown de-
creased BMD in the treated population. On the other
hand, in postmenopausal women, tamoxifen treatment
is well known to stabilize or somehow increase BMD
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owing to the oestrogen agonist effects that may coun-
teract postmenopausal bone loss [3]. However, in post-
menopausal women, tamoxifen may be followed by
aromatase inhibitors, which, in turn, block the activity
of this enzyme and oestrogens [4].

Physical exercise is a nonpharmacological approach
with the potential to improve or maintain bone health
with additional benefits on body weight management,
balance, and risk for falling. The American College of
Sports Medicine recommends specifically resistance
exercises programs 2 or 3 times per week with 2-3 sets
to promote bone health during adulthood [57]. To en-
sure the effectiveness of the resistance exercises, the
program should last twice as long (400 days) as bone
turnover cycles (200 days). In this line, studies report
that physical exercise interventions involving 24 weeks
of 150 minutes per week of moderate-intensity aerobic
exercise [58], 26 weeks of combined aerobic and resist-
ance training [9], or 1 year of supervised resistance plus
impact (jump) exercises [59-61] preserve and im-
prove BMD as well as reduce risk factors for fracture
among postmenopausal BrC survivors. Other investi-
gations have shown improvements in muscle strength
and BMD at the hip and spine in BrC survivors who
completed 12 weeks [62] or 24 weeks [52] of strength
exercises 2 times per week accompanied by bisphos-
phonate medication, calcium and vitamin D supplemen-
tation. Furthermore, circulating bone turnover mark-
ers, such as procollagen type 1 N propeptide (P1NP) and
collagen type 1 cross-linked C-telopeptide (CTX),
a bone formation and bone resorption marker, respec-
tively, have been recommended for bone health eval-
uation [9]. Indeed, considerable alterations in bone turn-
over markers with measurable improvements in BMD
were observed after 26 weeks by Almstedt et al. [9] and
after 12 months by Shah et al. [63]. Taken together,
these findings suggest that long-term (> 24 weeks) pro-
grams of combined aerobic exercises and strength and
impact exercises would be beneficial for improvements
in bone health among BrC survivors. Hereupon, to our
best knowledge, the potential role of physical exercise
in steroid hormones response preventing or attenuating
skeletal toxicities induced by BrC has been demon-
strated.

Conclusions

Based on compelling data from studies, the current
state of knowledge supports physical exercise interven-
tions as part of healthy lifestyle to modulate sex steroid
hormones and additionally prevent or attenuate skel-
etal toxicities induced by BrC and its treatments.
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