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Breast cancer is the most commonly diagnosed neoplastic disease in women, which leads to a significant deterioration in the
quality of life and a reduction in the ability of women to function normally in everyday life. The main risk factor for breast cancer
in both premenopausal and postmenopausal women is exposure to high levels of endogenous estrogen. It takes many years for
neoplasia to develop, but lowering estrogen levels has been observed to reduce the risk of both a new diagnosis and recurrence
of breast cancer. Observational studies have found that exercise reduces the level of bicavailable sex hormones, and thus may
reduce the risk of developing breast cancer. Currently available evidence clearly shows that adequate levels of physical activity
are associated with a 25-30% reduction in the average risk of breast cancer in women and play a role in its treatment.

This review summarizes the data available in the literature on the effect of physical activity on the level of sex hormones
in women, while presenting the biological mechanisms underlying the relationship between physical activity and the
development of breast cancer. This issue requires further research, but already now, extensive educational campaigns
are needed which can be aimed at young women to inform them on the possibility of significantly reducing their risk of

breast cancer by introducing physical activity into their everyday lives.
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Physical activity and sex hormone levels

The results of many observational and experimental studies
confirm that there is a relationship between lifestyle and the
occurrence of many diseases, including cancer, and their pro-
gnosis [1,2]. The American Cancer Society’s recommendations
for a healthy lifestyle include a healthy eating pattern, at least
150 to 300 minutes of moderate-intensity exercise per week,
limiting sedentary behavior, maintaining a healthy body we-
ight and avoiding drinking alcohol [3]. Among women, one
of the most common cancers is breast cancer and in 2020 it
accounted for 25.4% of all newly diagnosed cancers. [4, 5].

Breast cancer risk factors
There are afew modifiable factors that influence the risk of bre-
ast cancer, including: being overweight or obese [6], improper

diet and alcohol consumption [7], lack of physical activity [8]
and prolonged exposure to steroid hormones [9]. Non-modi-
fiable or less modifiable risk factors include: age, reproductive
factors [10], such as early age of first menstruation, late age of
menopause, late age of first term pregnancy, infertility [11,12],
as well as a family history of breast cancer [13].

The role of sex hormones in the development of
breast cancer

As the risk of breast cancer in women increases with early first
menstruation and late menopause, estrogen and progesterone
are believed to play a major role in breast carcinogenesis [14].
Endogenous sex hormones, especially estrogens, appear to
be involved in cancer initiation, promotion and progression
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[12, 15], therefore long-term exposure to high hormone levels
is considered one of the major risk factors. The role of proges-
terone in the development of breast cancer is less clear-cut,
but there is evidence that progesterone may augment the
mitogenic effects of estradiol [16].

[tis also considered that progesterone has an antiprolifer-
ative effect on breast cells in premenopausal women. The re-
sults of research on animal models indicate that progesterone
contributes to the proliferation of the endothelial gland and
sensitizes cellular cancer cells to growth factors [17-19]. The
results of the Million Women Study survey show that women
who used progesterone combined with estrogen as hormone
replacement therapy had a significantly higher risk of breast
cancer compared with women taking only estrogen [20]. There
are also epidemiological data indicating the protective action
of progesterone in the development of breast cancer [18, 20].

In addition, sex hormone binding globulin (SHBG) is also
considered to play a role in breast carcinogenesis. It regulates
the bioavailability of estradiol and testosterone [22], inhibits
cell growth and counteracts apoptosis in breast cancer cells
that have estrogen receptors (ER+) [23].

Biological mechanisms

Current evidence indicates that physical activity is associated
with a 25-30% reduction of the average breast cancer risk in
women [1, 24]. Underlying biologic mechanisms mediating
the association between physical activity and breast cancer
are not fully understood, but there are several likely biological
mechanisms at play. It is assumed that physical exercise can
lead to a reduction in breast cancer risk through both hormonal
and non-hormonal mechanisms. Physical activity reduces the
level of biologically available sex hormones, which can lead to
a reduction in the risk of tumors associated with hormones,
including breast cancer. Physical exercise also affects glucose
metabolism, reducing the concentration of other hormones
and growth factors, including insulin and insulin-like growth
factor (IGF-1) [25, 26]. Inter-population variation in ovarian
steroid levels and exposure to estrogens throughout life is
associated with a variation of breast cancer risk. The causes of
such variation are differences in physical activity and energy
expenditure [27].

In the prevention of breast cancer, body weight control
is particularly important. Physical activity helps to reduce
the total body weight and intra-abdominal fat. In addition,
it strengthens immunological functions, inhibiting tumors,
increases the number of macrophages, NK cells and cytokines,
and also regulates the activity of free radical inhibitors and
increases the concentration of biogenic antioxidants [28].

Physical activity and the level of hormones in
women before menopause

To date, several studies on breast cancer have examined heal-
thy premenopausal women [29]. However, it is suspected that
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the hormonal exposition before menopause has an impact
on the risk of incidence of breast cancer after menopause
[30, 31], and the risk of breast cancer increases with an early
first menstruation and late menopause [14]. This suggests that
the exposure to high concentrations of sex hormones during
this period can play an important role in the initiation and
development of breast cancer.

Moderate physical activity

The physical activity in adulthood is associated with a reduced
risk of breast cancer, even with a moderate level of physical
activity, including occupational physical activity [32, 33]. In
a study of young women with premenstrual syndrome, it
was observed that the level of estradiol and progesterone
decreased by 23.9% and 41.2% respectively when compared
to the control group after a series of 3-month aerobic training
[34]. The risk of breast cancer is also smaller in women who
have practiced recreational physical activity before, as well as
among women who were more active than their peers at the
age of 10-12 [35].

Physical activity combined with a caloric deficit
Exercise interventions that are accompanied by the energy de-
ficit, lead to changes in the circulation of estrogens in women
before menopause [36]. Research results show that moderate
aerobic physical activity in combination with calorie limitation
may result in a significant reduction in exposure to estrogens
and progesterone and transient increase in SHBG [37]. In one
study, young women before menopause perform moderate
aerobic exercises for 16 weeks after 150 minutes for week, but
without changing weight. Sex hormone or SHBG levels have
not changed significantly. However, the reason for the lack of
the expected effect could be slight changes in body compo-
sition. Perhaps a longer exercise intervention would have had
different results. It is also possible that the detection of changes
would be possible when collecting samples to analyze closer
to the ovulation date when the estradiol level is higher. [38].
However, there is also evidence that work-related energy
expenditure does not have to lead to a negative energy balan-
ce to cause inhibiting reproductive functions in women. Even
in women whose body weight does not change as a result of
intensive training, there may be disorders in cycles [36, 39, 40].
In addition, in meta-analyzes of randomized control trials on
the impact of physical activity on the level of sex hormonesin
women, it was observed that a decrease in total estradiol was
associated with weight loss after intervention; a drop in free
estradiol was not associated with weight loss. This result sug-
gests that physical activity without associated weight loss, can
also lead to the suppression of estradiol levels in women [41].
It also assumes that a certain level of activity is needed
to induce a protective effect in relation to breast cancer. The
relationship between training load and ovarian function was
observed and it suggests that the hormonal response also



depends on the type and intensity of the workout. In addition,
the amount of the energy deficit is linearly related to the overall
frequency of the occurrence of menstruation disorders [42, 43].

The role of estrogen metabolites in carcinogenesis
Estrogen metabolites can initiate the carcinogenesis process,
whichis why they are considered as breast cancer risk markers.
In many studies, it was found that a higher 2-OHE1 ratio to
16-OHE1 is associated with a reduced risk of breast cancer
[44,45].In addition, women before menopause, who declared
a higher level of physical activity, had a higher ratio of the
estradiol metabolites 2-OHE1 and 16-OHE1 than women who
declared that they exercised less [46]. However, in some studies,
improving oxygen capacity (Vq,,..,) and slightchangesin the
composition of the body did not have a significant impact on
estrogen metabolites [47, 48].

Physical activity and the level of sex hormones in
women taking part in high intensity training
Physical activity can cause hypomenorrhoea and amenorrhea,
which is observed in 6-79% of women-athletes [49, 50]. It can
also cause anovulatory cycles and/or a reduction of sex hor-
mone concentrations without affecting the regularity of the
cycles. Nutrition disorders, irregular menstruation, and bone
loss are part of the clinical condition called “triad of women-
-athletes"[51]. Insufficient calorie consumption in relation to
energy expenditure during exercise leads to energy deficiency
and stimulates compensation mechanisms, such as weight loss
or energy saving, causing inhibiting reproductive functions,
including a reduced level of estrogen [52]. The intensity of
exercises is the decisive factor. In many studies, participants
who intensively trained, suffered significant dips in estrogen
and progesterone levels, sometimes leading to the lack of
menstruation. [53, 54].

In 70% of officers’ training participants who had regular
menstruation, as a result of training menstruation became
more irregular. The levels of the tested hormones, including
estradiol, decreased after training, but did not differ between
participants with normal menstruation and those with irregular
menstruation [55].

The effect of physical activity on women at
increased risk of breast cancer and breast cancer
survivors

Physical activity, both before diagnosis of primary breast can-
cer and after diagnosis, has a beneficial effect on the survival
of women [56]. There was an inverse relationship between
increased levels of physical activity after diagnosis and all-cause
mortality and death from breast cancer, as well as a higher
risk of death among women who had decreased levels of
physical activity after diagnosis. Women who increased their
physical activity after diagnosis had a 45% lower risk of death
compared to inactive women both before and after diagnosis

[57, 58]. Observational studies have also shown that women
with breast cancer who are overweight or who gain weight
after diagnosis are at a higher risk of breast cancer recurrence
and death compared to women who are not overweight [59].

The results of meta-analyzes of prospective cohort studies
confirm that adequate physical activity may be an important
intervention to reduce the number of deaths and recurrences
of breast cancer in women [60, 61].

Thereis also growing evidence of the active role of adipose
tissue in tumor initiation and growth. The local production
of estrogen in the tumor is believed to stimulate the growth
of hormone-dependent breast cancer. In addition, estrogen
metabolism is regulated differently in the adipose tissue of
women with or without cancer. In one study, the concentration
of estradiol in breast adipose tissue was lower in women with
cancer than in the control group, while the levels of serum
hormones did not differ [62].

A 6-month lifestyle intervention was performed in overwe-
ight or obese women who were at high risk of breast cancer
and included dietary modification and exercise. As a result of
the intervention, a reduction in obesity was accompanied by
a reduction in serum estrogen levels. However, statistically
significant decreases in serum estradiol and estrone levels
were not detected in the period of active adipose tissue loss,
but instead 3 months after the intervention, in the period of
body weight stabilization [63].

Studies have also shown that in healthy premenopausal
women at high risk of breast cancer, the levels of estradiol and
progesterone decrease or remain unchanged due to exercise
[64].

Lifestyle and the risk of breast cancer

Habitual physical activity

Habitual physical activity includes daily physical activity, work,
housework, childcare, walking and exercise, and according to
research results, it is significantly related to the concentration
of estradiol in saliva. In women with low habitual physical acti-
vity, mean estradiol levels are 21% higher than in the group of
highly active women and almost 18% higher than in women
with moderate activity [27] [65]. Also, seasonal increases in
the intensity of physical work by Polish women living in the
countryside may be associated with a decrease in the level of
progesterone by almost 25% [39]. It has also been observed
that postmenopausal women who have never used hormone
replacement therapy had a reduced risk of exercise-related
breast cancer. These results suggest that daily, moderate-in-
tensity physical activity, such as walking, may protect against
breast cancer [66].

Healthy lifestyle

In a study assessing the relationship of a healthy lifestyle,
which included smoking, diet, and physical activity, a signifi-
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cantinverse relationship was found between a healthy lifestyle,
assessed using validated questionnaires, and the chance of
developing breast cancer. This relationship was significant in
postmenopausal women, but no relationship was found in
the group of premenopausal women [67].

Metabolic profile

Low serum HDL-C cholesterol is associated with increased
levels of free, biologically active estradiol throughout the
menstrual cycle. Moreover, it was observed that women with
high BMI (>23.6 kg/m?) and relatively high serum LDL/HDL-C
ratio (=2.08) were exposed to significantly higher levels of free
estradiol than other women [68]. For this reason, HDL-C levels
may be a biomarker of breast cancer risk, especially useful in
overweight and obese women.

Tea and coffee consumption

Catechins and theaflavins are the main ingredients of tea. It
inhibit aromatase, an enzyme that catalyzes the conversion of
androgens to estrogens, and as a result, estradiol production
may be reduced in women of childbearing age who consu-
me large amounts of tea. According to studies, women with
a higher average daily intake of black tea have lower salivary
estradiol levels compared to women who drink less black
tea [69]. Coffee ingredients also exhibit estrogenic activity.
Many studies have noted the potential uses of coffee in the
treatment and prevention of cancer. Derivatives of cinnamic
acid, terpenoids, and alkaloids contained in coffee, by inducing
apoptosis, have a cytotoxic effect on breast cancer cells [70, 71].

Birth weight and adult body composition

In a study of young healthy women with regular menstrual
cycles, it was shown that low birth weight (<3.530 g) combined
with a large adult waist circumference (>84 cm) was associated
with a 33% increase in free estradiol levels throughout the
menstrual cycle compared with women of higher birth weight
with the same waist circumference in adulthood. These results
confirm that birth weight, which is a marker of pre-fetal condi-
tions, in combination with energy availability and metabolism
during growth and development, affect estrogen levels in the
premenopausal period [72].

Regular sleep

Increased exposure to light at night, for example due to night
shift work or shorter sleep times, can suppress melatonin pro-
duction, which in turn can increase sex hormone levels. [t was
shown that the average level of estradiol in women who slept
regularly was 60% lower compared to women with greater
variability in their sleep schedule. These results suggest that
sleep variability is significantly correlated with estradiol levels,
while sleep duration does not show a statistically significant
relationship [73, 74]. High estradiol levels may also be associa-
ted with poorer sleep quality [75].

478

Sedentary lifestyle

The role of a sedentary lifestyle in estrogen metabolism has
yet to be established, but existing evidence suggests that
prolonged time spent sitting may lead to negative metabolic
consequences, including increased central obesity and higher
levels of endogenous estrogen [76, 771.

Physical activity before menarche

The date of the menarche is to some extent a modifiable
feature. Studies have shown that competitive sport between
the ages of 13-16 was associated with a later first menstruation
compared to girls who did not exercise at that age. [78]. A me-
ta-analysis of studies conducted on a group of athletes and
people not practicing sports showed that in people practicing
sports professionally in adolescence, the first menstruation
occurred on average more than 1 year later compared to
people not practicing sports [79].

Physical activity and hormone level in
postmenopausal women

Menopause occurs, on average, around the age of 50 and is
characterized by numerous hormonal changes. The postme-
nopausal period is associated with estrogen deficiency [80]
and anincrease in androgens [81]. There is also a reduction in
urinary excretion of progesterone metabolites [82, 83]. These
changes can lead to a rapid loss of muscle strength and bone
mineral density, reduced aerobic capacity and weight gain.
There is also an increased risk of developing a number of
chronic diseases, including breast cancer [84].

The regulatory effect of exercise on women’s hormone
metabolism varies between pre-and postmenopausal women,
and the mechanisms responsible for the protective effects of
exercise are not yet well understood. It is believed that physical
activity may lower the levels of circulating parent estrogens,
estradiol and estrone [85]. In a study evaluating the relationship
between physical activity and a sedentary lifestyle and post-
menopausal estrogen metabolite levels, higher mean activity
was significantly associated with lower urine estrogen levels
and selected estrogen metabolites, while longer sitting time
was significantly associated with higher estrogen levels and
their metabolites [85].

Epidemiological studies compared hormone levels in
women diagnosed with breast cancer to healthy controls.
The results of these studies suggest that postmenopausal
women with breast cancer had higher levels of estradiol and
estrone than healthy postmenopausal women [86].

The role of adipose tissue in the formation of
estrogens

In postmenopausal women, endogenous estrogen formation
occurs mainly in adipose tissue by aromatizing the adrenal
androgens to estrone — the main circulating estrogen — which
is then metabolized [87]. There is convincing evidence that



obesity, resulting in higher endogenous estrogen levels than
in lean women, increases the risk of breast cancer in post-
menopausal women [88, 89]. This mechanism is biologically
insignificant in the premenopausal period, when the ovaries
are the main source of estrogen, and estrogen levels are many
times higher than in the postmenopausal period.

In healthy, overweight, and obese postmenopausal wo-
men, higher levels of estrogens and androgens and lower
concentrations of SHBG have been observed compared with
lower body weight women [90, 91]. It also seems that the rela-
tionship of body mass index (BMI) with breast cancer riskis lar-
gely limited to ER1/PR1-dependent tumors. With the increase
in body weight in the postmenopausal period, a significantly
increased risk of hormone-dependent ER1/PR1 breast tumors
was observed [92].

Moreover, excess adipose tissue, especially abdominal fat,
is positively correlated with insulin resistance. Prolonged hy-
perinsulinemia reduces the level of bioavailable sex-hormone-
-binding globulin (SHBG) and increases the levels of circulating
estrogens and androgens, which may further contribute to the
formation of neoplasms [90, 93].

The authors of a meta-analysis of prospective observatio-
nal studies estimated that in postmenopausal women, with
an increase in body mass index (BMI) by 5 kg/m?, the risk of
developing breast cancer increases by 12% [94]. Abdominal
obesity as assessed as waist to hip circumference ratio (WHR)
also shows a strong positive correlation with the risk of post-
menopausal breast cancer [95].

In the analysis of the anthropometric measurements,
including measurements of estrogen and serum estrogen
metabolite levels, strong positive associations were found
between the present BMI and estrogens in postmenopausal
women who do not use hormone replacement therapy [96].

Women’s knowledge about breast cancer
prevention

The credibility of messages promoting physical activity as
afactor preventing heart disease and breast cancer was tested
depending on the level of physical activity reported by parti-
cipants. According to the surveyed women, it is easier to pre-
vent and control heart disease than breast cancer. Moreover,
physically active women are more susceptible to messages
and prophylactic actions concerning the influence of physi-
cal activity on the prevention of breast cancer, compared to
women who do not exercise. For this reason, innovative ways
of reaching people who are not interested in physical activity
need to be found [97].

Conclusions

Although the mechanism underlying the relationship be-
tween exercise and breast cancer risk remains unclear, the
majority of randomized controlled trials conducted in healthy
women showed a marked decrease in estradiol and proge-

sterone induced by exercise. To date, evidence suggests that
higher levels of endogenous estrogen are associated with an
increased risk of breast cancer in both premenopausal and
postmenopausal women; therefore, exercise contributes to
reducing therisk of breast cancer and plays a key role in breast
cancer management.

In summary, exercise decreases circulating sex hormones
and reduces breast tumor growth by promoting changes in
apoptosis and cell proliferation, and is therefore a safe inte-
rvention with undeniable benefits for women - regardless of
the status of menopause and exercise-induced weight loss.

Current recommendations for physical activity include
150to 300 minutes of moderate-intensity physical activity per
week, or 75 to 150 minutes of high-intensity physical activity
and some muscle-strengthening activity for at least 2 days
a week [3]. Based on the available literature, a comprehensive
and multidisciplinary approach is recommended that should
include physical activity, weight control, a high fruit and ve-
getable intake, and a reduced dietary fat intake.

The process of carcinogenesis and the subsequent deve-
lopment of human neoplasia takes many years, so educational
campaigns are needed to inform young women about the
risk of breast cancer and how they can reduce it in the future.
Prevention programs are also needed to motivate women
to engage in health protective behaviors, including physical
activity, to reduce their risk of breast cancer. It may be helpful
to find innovative ways to target people who are not interested
in physical activity [97].
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