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Summary
Obesity is an established risk factor for postmenopausal breast cancer. The mecha-
nisms through which obesity influences the development and progression of breast
cancer are not fully elucidated; however, several factors such as increased oestro-
gen, concentrations of various members of the insulin family and inflammation
that are associated with adiposity are purported to be important factors in this
relationship. Emerging research has also begun to focus on the role of adipokines,
(i.e. adipocyte secreted factors), in breast cancer. Leptin secretion is directly
related to adiposity and is believed to promote breast cancer directly and inde-
pendently, as well as through involvement with the oestrogen and insulin signal-
ling pathways. As leptin is secreted from white adipose tissue, any intervention
that reduces adiposity may be favourable. However, it is also important to
consider that energy expenditure through exercise, independent of fat loss, may
improve leptin regulation. The purpose of this narrative review was to explore the
role of leptin in breast cancer development and progression, identify key interac-
tions with oestrogen and the insulin family, and distinguish the potential effects of
exercise on these interactions.
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Introduction

Breast cancer is the most common cancer in women world-
wide (1). Obesity is an established risk factor for breast
cancer occurring in postmenopausal women and contrib-
utes to 9% of all breast cancer deaths worldwide and 13%
in high-income countries (2). Increased adiposity may
promote the development and progression of postmeno-
pausal breast cancer through several mechanisms, includ-
ing increased circulating concentrations of oestrogen
and/or insulin and insulin-like growth factor (IGF) (3) and
oestrogenic persistent organic pollutants such as organo-
chlorines (4). Emerging research demonstrates that
adipokines, bioactive molecules produced and secreted by

adipocytes, may also contribute to postmenopausal breast
cancer.

Adipocytes produce close to 50 different adipokines that
serve numerous functions in the body such as inflammation
and modulating the acute phase response, insulin sensitiv-
ity, lipid metabolism, and appetite and energy balance (5).
Specific to breast cancer, leptin is the most studied
adipokine because of its associations with increased risk of
postmenopausal breast cancer (6–11) and its known role of
promoting breast cancer tumour growth and progression in
vitro (12–17). This paper will focus on the roles of leptin in
postmenopausal breast cancer development and progres-
sion given the plethora of evidence supporting this role.
However, leptin is not the only adipokine that is purported
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to have implications in postmenopausal breast cancer. For
example, adiponectin, whose concentrations are reduced in
obesity, is hypothesized to have anti-oncogenic effects that
drive the relationship between reduced adiposity and
decreased breast cancer risk. This relationship is further
complicated with the antagonistic actions of adiponectin
against leptin (18–23). Considering the ratio between leptin
and adiponectin may provide further insight into their role
in oncogenesis than examining their individual absolute
concentrations (24). However, it is important to under-
stand the independent role of leptin in relation to oestrogen
and the insulin family before examining the integrated role
of adipokines in this discipline.

Leptin, is directly related to adiposity, with higher circu-
lating levels in overweight/obese individuals than in lean
individuals (25–27). Leptin can promote breast cancer
directly and independently, as well as indirectly through the
oestrogen and insulin signalling pathways (24,28,29),
thereby providing the basis for hormone-mediated, pro-
carcinogenic cross-talk. As leptin is secreted from white
adipose tissue, any intervention that reduces adiposity may
be favourable in preventing the initiation and progression
of breast cancer tumourigenesis by antagonizing leptin
secretion and/or leptin-mediated signalling. However, it is
also important to consider that energy expenditure through
exercise, independent of fat loss, may also improve leptin
regulation. This narrative review will examine the potential
effects of leptin in breast cancer development and progres-
sion, describe key interactions with oestrogen and the
insulin family, and discuss the influence of exercise on these
interactions.

Leptin

Discovery of leptin and its role in
human metabolism

Leptin originates from the Greek root word ‘leptos’,
meaning thin, and was discovered in 1994 through posi-
tional cloning of the ob mouse gene (30). Leptin is pro-
duced predominantly by white adipocytes, with larger-sized
adipocytes producing more leptin than smaller adipocytes
(31), and circulates as a 16 kDA glycosylated protein (32).
Although it was originally believed that leptin was synthe-
sized exclusively in white adipose tissue, there is evidence
that it is also produced in smaller amounts in the placenta
(33), gastric mucosa cells (34), myocytes (35) and
mammary epithelial cells (36).

In humans, adipose tissue mass is the primary determi-
nant of circulating leptin concentrations (37) with the ob
mRNA content of adipocytes being twice as high in indi-
viduals with obesity compared with normal-weight individ-
uals (38). Similarly, a strong correlation between total body
fat and plasma leptin exists (38,39), whereby serum leptin

concentrations are more than three times greater in indi-
viduals with obesity, compared with normal-weight indi-
viduals (31.3 ± 24.1 vs. 7.5 ± 9.3 ng mL−1, respectively)
(38). In addition to greater production of leptin, individuals
with obesity may also be insensitive to endogenous
leptin, thus creating a leptin-resistant state (40,41). This
leptin-resistant state is thought to be a result of several
mechanisms such as defective leptin transport across the
blood–brain barrier, attenuation of leptin signalling
through the inactivation of the JAK-STAT pathway
(via inhibition by suppressor of cytokine signalling-3),
endoplasmic reticulum stress and inflammation as reviewed
in (42). Given this dys-regulation in the leptin signalling
cascade, greater amounts of leptin are continually released
from the adipose tissue of individuals with obesity. Despite
the attenuation of the JAK-STAT pathway in leptin resist-
ance, the ability of leptin to stimulate cell proliferation is
sustained through activation of other cell signalling
pathways such as phosphoinositide3kinase (PI3K)/AKT
pathway and mitogen-activated protein kinase pathway
(MAPK) pathway (43). Therefore, leptin remains a likely
candidate for promoting tumourigenesis in obesity-driven,
postmenopausal breast cancer, even in a leptin-resistant
state. A clear sexual dimorphism also exists whereby leptin
concentrations reported in women are two- to threefold
higher than men (37,38). Although it was originally
believed that these differences stemmed from the disparities
in the amount of adipose tissue between men and women
(38), more recent studies have shown that the dimorphism
persists even after adjustment for adiposity and body mass
index (BMI) (39,44,45). Thus, it is possible that oestrogens
may stimulate and androgens may suppress leptin produc-
tion respectively (46–48).

One main function of leptin is to act as a lipostat. As
leptin is secreted in proportion to fat mass and nutritional
status, it signals to the hypothalamus to suppress appetite,
thereby decreasing feeding and increasing thermogenesis
(49). Leptin also has pleiotropic effects on neuroendocrine
function, reproductive function, pubertal development,
bone development, immune function, haematopoiesis,
blood pressure, glucose homeostasis, fatty acid metabo-
lism, among other physiological roles (32,50). Although
many of these leptin-related processes exert systemic effects
because they are regulated by receptors expressed in central
tissues (i.e. hypothalamus), some processes are also periph-
erally mediated (i.e. leptin receptors expressed in skeletal
muscle, adipose tissue, liver, etc., Reviewed in (51,52)).

Leptin receptor biology in relation to breast cancer

Leptin exerts its intracellular effects by binding to the
transmembrane receptor, Ob-R (53). Consistent with the
structural similarity of leptin with various cytokines, Ob-R
belongs to the cytokine receptor class I superfamily (54).

474 Leptin in obesity-associated breast cancer S. Schmidt et al. obesity reviews

© 2015 The Authors. Obesity Reviews published by John Wiley & Sons Ltd
on behalf of World Obesity16, 473–487, June 2015



Alternative mRNA splicing gives rise to different isoforms
of Ob-R (Ob-Ra, Ob-Rb/Ob-Rl, Ob-Rc, Ob-Rd, Ob-Re,
Ob-Rf), which have similar extracellular domains and vari-
able intracellular structures. Ob-Ra, c, d and f possess
relatively short cytoplasmic domains (also known as ‘short’
isoforms), and Ob-Re is a secreted form of the leptin recep-
tor (reviewed in (55,56)). The short isoforms have been
shown to activate some signal transduction cascades, such
as the MAPK (51,57,58); however, only Ob-Rb, which
contains the full-length intracellular domain, has full sig-
nalling capabilities to activate the janus kinase/signal trans-
ducer and activator of transcription (JAK-STAT3) pathway,
which drives the appetite suppressing effects in the hypo-
thalamus (59).

Leptin circulates in the plasma either free or bound to
leptin-binding proteins (Ob-Re) (60,61). In lean individ-
uals, more leptin circulates in its bound form, whereas in an
obese state, the majority of leptin circulates in its free form
(27,62). In line with the role of class I cytokines, the main
intracellular events following the binding of leptin to
Ob-Rb involve receptor dimerization and activation of the
JAK/STAT pathway (56), which is responsible for nuclear
effects of leptin (55,56). In cancer, activation of the JAK/
STAT pathway (mainly JAK2/STAT3) results in expression
of genes promoting cell proliferation and resistance to
apoptosis, in addition to promoting tumour angiogenesis,
invasion and migration (63,64). Other pathways hypoth-
esized to be activated by both the long and short isoforms
of Ob-R include MAPK, the PI3K/phosphodiesterase 3B
(PDE3B)/cyclic adenosine monophosphate pathway, and
the AMPK signalling pathways (55). In cancer, these path-
ways have shown to promote oncogenesis (63,65–67).

Ob-Rb is expressed in various tissues including
mammary tissue (56), which is thought to facilitate
mammary gland development; however, its overexpression
may lead to pathophysiological conditions, such as breast
cancer (56,68). Therefore, leptin receptor overexpression in
mammary tissue combined with the presence of increased
leptin production typically observed in individuals with
obesity, results in further increased risk for breast cancer.
This is of particular interest for postmenopausal women,
who typically carry more adipose tissue compared with
premenopausal women (69–72) and consequently exhibit
a body composition phenotype that favours increased
circulating leptin and oestrogen concentrations. In this con-
nection, there is a positive association between postmeno-
pausal women with obesity and the development of breast
cancer, wherein the majority of cases are oestrogen receptor
(ER)-positive and exhibit a more aggressive cancer pheno-
type (i.e. typically larger metastatic tumours) compared
with lean women (73–77). As adipose tissue acts as a
primary cellular source of both oestrogen and leptin in
postmenopausal women, it is important to understand the
interactions between obese-adipose tissue-derived leptin

and oestrogen towards the development and progression of
postmenopausal breast cancer. Given that increased obesity
and oestrogen are observed in patients with breast cancer
(78–81), these relationships gain further significance in
exploring the possible role of leptin as a growth factor in
breast cancer.

Leptin and breast cancer

Deviations in leptin and Ob-R expression:
implications in breast cancer

Leptin has recently been hypothesized to have a role in the
development and progression of breast cancer. Evidence
from epidemiological studies indicates that women with
breast cancer have higher circulating concentrations of
leptin vs. women in a comparable, non-malignant popula-
tion (6–10). These findings are supported by a recent meta-
analysis, which concluded that leptin concentrations play a
role in breast cancer development and progression (11).
Measuring leptin may become an important diagnostic
tool, given that the mean serum leptin levels in breast
cancer case groups were significantly greater than that of
control groups (11). Interestingly, circulating leptin concen-
trations varied in different populations with healthy
individuals having the lowest concentrations, followed
sequentially by patients with benign breast diseases,
patients with breast cancer, and the group with the greatest
concentrations was patients with breast cancer with lymph
node metastasis (11). Others have shown that leptin may be
associated with increased risk of postmenopausal breast
cancer independent of BMI (82). Increased circulating
leptin concentrations also correlate positively with tumour
size (12,83), and leptin and Ob-R are strongly co-expressed
in breast cancer tissue (12). Taken together, these findings
further strengthen the hypothesis that leptin acts as growth
factor in breast cancer. Similarly, Miyoshi, et al. found that
leptin and the Ob-Rb are expressed in breast cancer tissue,
and patients with high serum leptin, and tissue leptin recep-
tor expression levels were associated with a poorer prog-
nosis (84). In addition, patients with breast cancer with
coincident high tumour leptin and Ob-Rb expression
exhibit a higher metastatic rate and cancer recurrence in
distant organs, collectively decreasing the survival rate
(11,85).

Interest in leptin as a pro-carcinogenic factor in breast
cancer piqued when findings from Cleary et al. showed that
ob/ob mice (leptin deficient) did not develop mammary
tumours while Lep+/+ and Lep+/− mice (leptin sufficient wild
type and heterozygotes) developed breast cancer in 50%
and 67% of cases, respectively (86). Similarly, db/db mice
(lack Ob-R) did not develop breast cancer while Ob-R+/+

and Ob-R+/−mice did develop tumours in 69% and 82% of
cases, respectively (87). Numerous studies have since been
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performed in an attempt to elucidate the role of leptin in
mammary carcinogenesis. Leptin and Ob-R (long and short
isoforms) are expressed in both normal and malignant
mammary tissue, although, both leptin and the Ob-R
appear to be significantly overexpressed in cancer tissue
relative to non-cancer epithelium (12,85,86,88,89). This
finding is consistent across all breast cancer types, as Ob-R
is expressed in both hormone-sensitive and hormone-
independent breast cancer (13,28,59,88,90–92). Thus,
leptin and the overexpression of leptin receptors in malig-
nant tissue may be key in the development and progression
of breast cancer. It is crucial to identify whether the mag-
nitude of leptin receptor expression and/or the sensitivity of
leptin signalling within the mammary tissue is enhanced to
promote breast cancer. Elucidating these mechanisms may
potentially influence the prognosis and outcomes of breast
cancer.

Leptin signalling is related to breast cancer
development and progression

In breast cancer, the pro-carcinogenic effect of leptin is
hypothesized to result from an enhanced activity of leptin/
Ob-R downstream signalling pathways involved in cell pro-
liferation such as the PI3K/Akt survival pathway, the
MAPK pathway, the STAT3 pathway, and up-regulation of
c-myc (one target gene of STAT3), cdk2 and cyclin D1
(genes promoting cell cycle transition G1 to S) (12) (Fig. 1).
This is supported by numerous in vitro studies that have
shown a proliferative response in breast cancer cell lines in
response to leptin (13–17). Further, leptin has been shown
to increase expression of vascular endothelial growth factor
(VEGF) and its receptor, VEGF receptor-1 (VEGFR-1), in
breast cancer cell lines, thus promoting angiogenesis and
neovascularization of tumours (15,93,94). The pro-
carcinogenic effect of leptin results not only from an
enhanced activity of signalling pathways involved in cell

proliferation process, but also from a likely down-
regulation of apoptosis in cancer cells. Leptin has been
shown to up-regulate the expression of anti-apoptotic
genes such as Bcl2 and survivin and to down-regulate
expression of pro-apoptotic proteins such as Bax and p53
(19,59,95–97). In addition to its direct action on mammary
tumour cells, leptin can stimulate cell proliferation and
migration indirectly through cross-talk with oestrogen and
insulin family members and the transactivation of several
key pathways involved in mammary carcinogenesis
(24,29,98–100).

Leptin and oestrogen connection

The sex steroid oestrogen is necessary for the development
and function of the normal human breast. However,
increased lifetime oestrogen exposure as determined by
early menarche, late menopause, high bone density and
obesity is associated with increased risk of postmenopausal
breast cancer (101–103). Circulating levels of oestrogen are
higher in women with obesity, which is associated with
increased risk of developing postmenopausal breast
cancer (102,104–106). Oestrogen is thought to promote
mammary carcinogenesis through several mechanisms such
as increased cell proliferation and cell cycle progression,
inhibition of apoptosis and support of angiogenesis
(73,103,107). However, emerging research indicates a
functional cross-talk between oestrogen and leptin exists
and may act to promote tumourigenesis.

The main source of circulating oestrogens in postmeno-
pausal women comes from the aromatization of the C-19
steroid, androstenedione, in adipose tissue (108), a reaction
catalysed by the enzyme aromatase, whose expression is
increased in obesity (109). Because androstenedione pro-
duction is higher in women with obesity, the resulting
circulating levels of oestrogens are strongly and linearly
related to adiposity (110). Plasma leptin levels are associated

Figure 1 Possible pathways involved in
leptin-stimulated breast cancer growth. Leptin
binds to ObR on breast cancer cells,
resulting in activation of multiple oncogenic
pathways and various steps in
tumourigenesis. Abbreviations: EGFR,
epithelial growth factor receptor; MAPK,
mitogen-activated protein kinase; STAT3,
signal transducer and activator 3; PI3K,
phosphatidylinositol 3 kinase; JAK, Janus
kinase; ER-α, oestrogen receptor alpha.
Green indicates stimulation, red indicates
inhibition and orange arrows indicate
transactivation.
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with total body aromatization in postmenopausal patients
with breast cancer (111), and leptin has been shown to
increase aromatase expression in (ER)-positive breast cancer
cells (112). Leptin can also directly activate ERα (113), and
increase its expression (114). Further, leptin has been shown
to stabilize ERα in the presence of ICI182,780 (an anti-
oestrogen drug) by interfering with the proteasome–
ubiquitin pathways of ERα degradation (115) and
contributes to tamoxifen resistance by inducing increased
nuclear expression of ERα (116). Thus, it is not surprising
that leptin is also associated with decreased effectiveness of
hormone therapies (117). Further, Ob-R and ERα are
co-expressed in breast cancer tissue (115,118), and Ob-R
STAT-3 activation (an important pathway in leptin-induced
oncogenesis) is enhanced by ERα expression (118). Lastly,
oestrogen may also be able to independently stimulate leptin
expression directly (98), thereby perpetuating sustained
high leptin levels within the mammary tissue. For instance,
in a study done by Morad et al., oestradiol concentrations in
breast tissue positively correlated with mammary tissue
leptin concentrations in healthy premenopausal women
(98). Further, oestradiol exposure in mice bearing Mouse
Mammary Tumor Virus- Polyoma Virus Middle T-Antigen
(MMTV-PyMT) tumours (a murine model of breast cancer)
resulted in an increase in extracellular leptin levels and
expression of the leptin receptor in the mammary tumours
(98). Tamoxifen treatment has also been shown to decrease
leptin expression in non-malignant patients with breast
cancer, further illustrating the ability of oestrogen to stimu-
late leptin expression in mammary tissue (98). This evidence
supports the probable cross-talk between leptin and oestro-
gen that promotes breast cancer.

Leptin exhibits oestrogen-producing activity through
multiple mechanisms including (i) increasing aromatase
protein expression and enzymatic activity, thereby promot-
ing local oestrogen production; (ii) activating ERα in the
absence of its endogenous ligand (oestrogen) and (iii)
improving the sensitivity of mammary tissue to
oestrogens through up-regulation of ERα expression
(3,59,112,113,119). As oestrogen is a known mitogen in
hormone-sensitive breast cancer, it is possible that a poor
breast cancer prognosis may be attributed to an interrela-
tionship between obesity, leptin and ERα. Therefore,
increases in adiposity later in adulthood and in post-
menopause may increase the risk of postmenopausal,
hormone-dependent breast cancer (120,121) based on the
interactions between increased adiposity and elevated cir-
culating leptin and oestrogen concentrations.

The leptin, oestrogen and insulin family triangle:
interactions supporting tumour growth

As previously discussed, leptin has been shown to indepen-
dently stimulate oncogenesis and promote aggressive breast

cancer. However, breast cancer development and progres-
sion is multifactorial and is the result of many physiological
relationships. Determining the interactions or cross-talk
between leptin and other known chemopromotive growth
factors (such as IGF-1 and IGF binding protein 3 [IGFBP-
3] ) and hormones (such as insulin and oestrogen) in breast
cancer is imperative to fully understand the mechanisms
through which leptin acts in breast cancer.

Apart from its role in the regulation of blood glucose,
insulin also regulates cell growth and proliferation, and can
therefore exert chemopromotive effects. Obesity is associ-
ated with chronic hyperinsulinaemia (122–125) and thus,
the obese phenotype may stimulate the production of
IGF-1 and suppress the production of IGFBP-1 and
IGFBP-3, which have been demonstrated to decrease the
bioavailability and action of IGF-1 (126,127). Further,
compared with normal breast tissue, breast tumours have
been shown to express higher levels of the insulin receptor
and exhibit a greater sensitivity to insulin (128). Therefore,
despite peripheral insulin resistance associated with
obesity, breast tissue may remain insulin sensitive, and in
combination with obesity-associated hyperinsulinaemia
(122–125) may make individuals with obesity more sus-
ceptible to insulin-mediated chemopromotive signalling
within the mammary tissue. Both insulin and IGF-1 signal-
ling promotes cell proliferation and inhibits apoptosis via
downstream signalling/activation of PI3K/Akt/mTOR and
Ras/Raf/MAPK pathways (109,129,130).

Leptin interacts with the IGF-1 pathway, which has
pivotal implications for breast carcinogenesis, as IGF-1 and
-2 are among the most potent mitogens for mammary
epithelial cells (reviewed in (131)). High levels of IGF-1
and/or low levels of IGFBP-3 have generally been associ-
ated with an increased risk of breast cancer (132–134) and
adverse outcomes (135,136). The IGF receptor (IGF-1R) is
typically overexpressed in breast cancer and exerts several
cellular actions that promote tumour growth such as sup-
porting mitogenic processes, inhibiting apoptosis, inducing
expression of VEGF, increasing cell migration and potenti-
ating the effects of other stimulators of cell growth, includ-
ing oestrogens and leptin (reviewed in (29,127,137)).

The mechanisms in which IGF-1 promotes mammary
carcinogenesis in relation to leptin, however, are not
consistent. Saxena and colleagues found a bidirectional
cross-talk between leptin and IGF-1 signalling that
transactivatesVEGFR-1 and promotes the metastatic prop-
erties, invasion and migration of breast cancer cells (29).
However, another work has shown that the relationship
is unidirectional with IGF-1 stimulation inducing
phosphorylation and activation of Ob-R, but no effect of
leptin on IGF-1 signalling (138). Further, there is accumu-
lating evidence that IGF-1 and IGF-2 interact with the
oestrogen signalling axis to regulate mitogenesis, apoptosis,
adhesion, migration and differentiation of mammary
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epithelial cells, which could potentially have implications in
breast cancer aetiology and progression (reviewed in
(131)). Both insulin and IGF-1 signalling stimulate
aromatase activity in adipose tissue (139), thereby promot-
ing local oestrogen production, and in this connection
IGF-1 expression is highest in ER-positive compared with
ER-negative tumours (140). Further, insulin has been
shown to potentiate the effects of oestrogen at the cellular
level by cross-talk between oestrogen and the IGF-1 signal-
ling pathways, both of which function either together or
reciprocally as mitogens in breast cancer cells (reviewed in
(141)). Collectively, these data demonstrate that cross-talk
between the obesity-associated increased levels of this triad
of hormones (i.e. leptin, insulin family members and oes-
trogen) can further perpetuate mammary tumourigenesis.

As increased adiposity is pivotal in the dys-regulation of
IGF and oestrogen signalling, ultimately promoting
tumourigenesis, hyperleptinaemia may further exacerbate
these signals in individuals with obesity to further perpetu-
ate the risk of breast cancer development and progression.
The role of leptin in mammary tumourigenesis is multifac-
torial, as it acts both directly and indirectly through cross-
talk with other hormones/growth factors (insulin family
and oestrogen) and subsequent transactivation of other
signalling pathways pertinent to breast cancer. Therefore,
interventions aimed at decreasing leptin concentrations
(either directly or indirectly) or abolishing its signalling
capabilities may improve prognosis for patients with breast
cancer.

Exercise may reduce leptin in breast cancer

Exercise has been shown to be a safe and effective adjuvant
therapy for breast cancer (142). Provided that energy
expenditure is in line with or exceeds energy intake, exer-
cise can positively influence adiposity and overall body
composition. Reduced adiposity has been shown to reduce
circulating leptin concentrations (143,144), and this strat-
egy could ultimately improve breast cancer prognosis.
However, there is limited evidence assessing the effects of
exercise on adipokine levels within both the obese and
non-obese breast cancer population.

Body composition changes in breast cancer: the
need for exercise

Post-diagnosis weight gain is common in patients with
breast cancer, with 50–96% of women experiencing signifi-
cant weight gain during and after treatment (145–147), and
this is highly correlated with the type and duration of
cancer treatment (147,148). Systemic treatment (adjuvant
chemotherapy) is associated with greater weight gain than
localized treatment (surgery and/or radiation only), and the
longer the duration of treatment, the greater the weight

gain (145,149–152). Many patients breast with cancer are
already overweight or obese and are physically inactive at
diagnosis (78), which aligns with the idea that adiposity
and physical inactivity are independent risk factors for
breast cancer development (153–155). Cancer diagnosis
and treatment further decrease patient physical activity,
with an average decline of 2 h per week from before diag-
nosis activity levels with a concomitant increase in seden-
tary activity from 1.3 h per week (pre-diagnosis) to 8.0 h
per week (156). Greater decreases in physical activity from
pre- to post-diagnosis were observed among breast cancer
patients with obesity compared with normal-weight and
overweight patients, which could potentially lead to a
greater weight gain among women already with obesity
(156).

Weight gain in patients with breast cancer is usually
attributed to an increase in fat mass only, while lean tissues
atrophy or are maintained (157,158).This altered pheno-
type increases the risk of developing comorbid conditions
such as type 2 diabetes and cardiovascular disease, and may
further impact recurrence and survival (147). Therefore,
promoting physical activity during and after cancer treat-
ment may help prevent critical changes in body composi-
tion that perpetuate altered pro-carcinogenic adipokine
levels (i.e. attenuate or prevent gains in fat tissue while
concomitantly maintaining or promoting gains in muscle
tissue), which is critical for improving disease outcomes in
patients with breast cancer.

Exercise as an adjuvant therapy in breast cancer

It is only in the last 10 years that exercise has been recog-
nized as an adjuvant therapy following breast cancer diag-
nosis. Several original papers (159–162) and reviews
(142,163–165) have shown that exercise is a well-tolerated
and safe adjunct therapy during and after cancer treatment
and results in improvements in physical functioning,
quality of life and cancer-related fatigue in several cancer
survivor groups. Further, a recent review concluded that
increasing physical activity in breast cancer treatment and
survivorship has minimal to no side effects or negative
consequences at any dose, type or timing (adjuvant vs.
post-adjuvant period) studied (166).

Exercise, following the diagnosis of breast cancer, has
also been shown to improve survival and disease outcomes
(156,166–171). A meta-analysis that included over 12,000
women reported that all levels of physical activity occur-
ring post-diagnosis reduced breast cancer mortality by
approximately 30% for women with BMI ≥ 25 kg m−2

(overweight) and decreased all-cause mortality by 41%,
regardless of BMI (172). This is further supported by a
recent meta-analysis that concluded that physical activity
performed after diagnosis is related to a 24% reduction in
mortality among breast cancer survivors (173). Taken
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together, this evidence supports that advocating any form
of physical activity during and after breast cancer treatment
will most likely provide benefits to patients with cancer and
would outweigh some of the potential risks of exercise
(such as increased risk for fractures and cardiovascular
events with hormonal therapies, increased risk of falls asso-
ciated with neuropathies related to certain types of chemo-
therapy, cardiac events because of treatment-related
cardiotoxicity (174)); however, the underlying mechanisms
that promote these benefits during exercise are unclear.

Mechanisms of exercise in breast cancer

Current hypotheses

Breast cancer aetiology is multifactorial, therefore, there
has been no definitive evidence regarding the specific
physiological mechanisms in which physical activity
reduces breast cancer risk and improves outcomes.
However, it is hypothesized that physical activity will ben-
eficially affect adiposity, insulin resistance, and production
of sex hormones, adipokines, and inflammatory markers.
Here, we focus on the effects of exercise on circulating
leptin, oestrogen and insulin concentrations (Fig. 2a,b).

Exercise improves leptin in breast cancer:
adiposity vs. energy expenditure?

As leptin is under direct influence of adiposity and because
it signals repletion of energy stores, any intervention that
impacts fat mass, such as exercise or caloric restriction, will
potentially decrease leptin concentrations. Given that
patients with breast cancer are typically overweight and

have a relatively high percentage of body fat at the time
of diagnosis (78), they are likely to present with
hyperleptinaemia at the time of diagnosis (6–10). Although
leptin is hypothesized to be a growth factor in breast
cancer, few studies have assessed the influence of post-
diagnosis exercise on leptin concentrations in patients with
breast cancer; however, the available data are promising. In
a randomized control study, breast cancer survivors who
lost a moderate amount of weight (median weight loss of
−1.09 kg from baseline) following a 6-month, thrice weekly
exercise intervention comprised of 30 min of aerobic exer-
cise (65–85% age-predicted maximum heart rate) and
10–15 min of muscle-strengthening exercises along with
individualized, hypocaloric healthy eating programme
(600 kcal day−1 below estimated energy expenditure)
showed a significant decrease in circulating leptin levels
(175). In another study where breast cancer survivors
aimed to exercise 150 min week−1, significant improve-
ments in serum leptin concentrations were observed com-
pared with the usual care/control group (176). Similarly,
Irwin et al. showed that higher amounts of self-reported
physical activity were associated with lower serum leptin
concentrations in 710 women from the Health, Eating,
Activity, and Lifestyle (HEAL) Study (25). If leptin is
indeed associated with an increased risk of breast cancer
recurrence or mortality, then its responsiveness to exercise,
which is a modifiable behaviour, may be the key to improv-
ing breast cancer outcomes.

Studies investigating the effects of exercise on leptin in
non-malignant populations support the use of exercise as a
means to reduce leptin concentrations. The Alberta Physi-
cal Activity and Breast Cancer Prevention Trial showed
that a year-long aerobic exercise intervention of

Figure 2 Proposed causal relationships
between adiposity and outcomes in breast
cancer. Potential influences obesity and
physical inactivity on mammary
tumourigenesis. *Increased insulin and leptin
also are risk factors for other comorbidities
such as type II diabetes, cardiovascular
disease and metabolic syndrome.
Abbreviations: IGF-1, insulin-like growth
factor-1; ER-α, oestrogen receptor alpha;
SHBG, sex hormone binding globulin.
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225 min week−1 significantly reduced serum leptin concen-
trations in previously inactive, postmenopausal women;
inactivity and post-menopause are common characteristics
in the breast cancer population (171). Additionally, a
recent meta-analysis concluded that aerobic training sig-
nificantly improved leptin levels in cancer-free, patients
with type II diabetes, which are an at-risk population for
breast cancer development (177–180). Numerous other
studies have shown a reduction in leptin concentrations
following exercise intervention (181–184), while others
have not found significant reductions (185,186). The inter-
ventions in these latter studies, however, did not elicit sig-
nificant reductions in adiposity, which may help to explain,
at least in part, why no changes in circulating leptin levels
were obtained. It is believed that only exercise interventions
resulting in a reduction in fat mass will lead to decreased
leptin concentrations. However, some studies have shown
significant reductions in circulating levels of leptin regard-
less of changes in adiposity, suggesting the existence of
other underlying mechanisms for this change independent
of alterations in adipose tissue (187–190). It is possible that
increased energy expenditure through exercise may be
related to reduction in leptin. Regardless of mechanisms,
promoting exercise to patients with breast cancer during
and after treatment has the potential to lower leptin, and
thereby possibly improving prognosis and survival.

Exercise and oestrogen: relationship with adiposity

Physical activity may influence endogenous oestrogen levels
through several mechanisms including reducing body fat
(191), altering serum adipokine levels (25,175,192), and
reducing circulating insulin concentrations (193). The
latter mechanism leads to an increase in circulating sex
hormone globulin (SHBG), a protein, which binds revers-
ibly to oestrogens to decrease their bioavailability (194).
There have been several studies in postmenopausal women
that support exercise as a method to decrease sex steroid
concentrations and increase SHBG concentrations
(192,195–197). Rock et al. demonstrated significant
increases in SHBG and decreases in leptin, oestrone,
oestradiol and bioavailable oestradiol in postmenopausal
breast cancer survivors who attained a weight loss of at
least 5% through a combined effort consisting of regular
physical activity, a modest reduction in energy intake, and
healthy eating attitudes and behaviours (198). This evi-
dence is supported by recent systematic review that con-
cluded randomized exercise trials in postmenopausal
women can lower oestradiol levels on average by approxi-
mately 5–10% (199).

The causal pathway between exercise and decreased
oestrogens/increased SHBG in the above studies is hypoth-
esized to be mediated by fat loss. This relationship is plau-
sible because adipose tissue is the main source of

endogenous oestrogen in postmenopausal women (191). As
oestrogen and leptin behave similarly in adapting to
changes in adiposity, it is possible that leptin may be
involved in mechanisms that drive these changes. Mecha-
nisms in which exercise affects oestradiol levels indepen-
dently of fat loss are not currently known. One proposed
mechanism is that physical activity can cause a reduction in
insulin and IGF-1 levels, which, in turn, increases SHBG
levels and decreases oestradiol bioavailability (200–202).
Understanding the complicated web of interactions
between these hormones and leptin during exercise and fat
loss may advance our understanding of the role of leptin in
energy balance.

Exercise and the insulin family in breast
cancer: adiposity vs. energy expenditure?

Research in numerous populations, including colorectal
cancer survivors, young women with obesity, children/
adolescents with obesity, as well as postmenopausal
women indicates that exercise decreases fasting insulin
levels (155,203–205). Few studies have examined the rela-
tionship between insulin, IGF-1 and exercise in breast
cancer survivors. Higher levels of physical activity in breast
cancer survivors have been associated with lower C-peptide
concentrations, a marker of insulin secretion (25). Interest-
ingly, 12 weeks of moderate-intensity Tai Chai lowered
insulin concentrations, independent of fat loss, in breast
cancer survivors compared with non-active patients with
breast cancer (193). Another study in breast cancer survi-
vors showed significant decreases in IGF-1, IGFBP-3, and
the IGF-1 : IGFBP-3 ratio following 15 weeks of cycling
without any differences in BMI or body weight between the
exercise and control groups (206). The Yale Exercise and
Survivorship Study, a randomized controlled trial of
aerobic exercise in postmenopausal breast cancer survivors,
showed moderate-intensity aerobic exercise, such as brisk
walking, was associated with statistically significant
decreases in IGF-1 and tended to reduce insulin concentra-
tions (207). These studies have all shown decreases in
insulin and IGF-1 following an exercise programme
without a concomitant loss in body fat. Similar to leptin, it
is possible that energy expenditure through exercise, rather
than fat loss alone, may promote improvements in insulin
and IGF-1 concentrations.

The exercise-dependent favourable change in these pro-
carcinogenic factors, irrespective of fat loss, may also prove
to be advantageous because the catabolic release of orga-
nochlorines that accumulate in the lipid compartments of
the body would be prevented. Organochlorines is a class of
persistent organic pollutants commonly found in pesticides
that have oestrogenic actions (208) and have been associ-
ated with the development of oestrogen sensitive breast
cancer (4). As organochlorines are lipophilic and are stored
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in adipose tissue, fat loss results in their release into the
circulation, resulting in a potential increased risk for the
development of hormone-sensitive carcinomas (209).
Therefore, for this reason, fat loss in patients with breast
cancer may not be as advantageous as proposed. Organo-
chlorine concentrations/accumulation and subsequent car-
cinogenicity varies based on many factors including the
specific organochlorine chemical class, geographical region
of exposure and patient enzyme metabolism, adiposity, age,
diet, etc. (210,211). Therefore, further study is required to
rationalize the recommendation for maintaining or regain-
ing adipose tissue to avoid increased circulating organo-
chlorine levels. The potential metabolic benefits in breast
cancer derived from exercise, either with or without weight
loss, in addition to the improvements in quality of life and
survivorship, should not be ignored because of the specu-
lation surrounding organochlorines, adipose loss and
cancer risk.

Concluding remarks

To date, the majority of the literature has focused on the
relationship between adiposity and leptin, oestrogen,
insulin, and breast cancer progression. Interestingly, exer-
cise will independently decrease leptin, oestrogen and
insulin concentrations. However, even more interesting is
that such exercise-induced changes could occur independ-
ent of changes in fat mass. After examining the literature on
exercise and its effects on this hormonal triad in breast
cancer, it is becoming clear that increasing energy expendi-
ture, irrespective of a decrease in adiposity, may have an
important role in improving hormonal factors within
the tumour microenvironment, which otherwise would
promote mammary tumourigenesis. Therefore, future
research should focus on determining the role of energy
expenditure and its potential mechanisms in lowering
leptin, oestrogen and insulin family member concentrations
within the obese breast cancer population. Irrespective of
further understanding the mechanisms by which exercise
beneficially modulates this hormonal triad in breast cancer,
clinicians should continue to support the use of exercise as
an adjuvant therapy in breast cancer because exercise will
favourably alter the net balance of most obesity-associated
hormones, thereby beneficially modulating the tumour
microenvironment, ultimately improving patients’ quality
of life and clinical outcomes.
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