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A B S T R A C T

There is raising evidence reporting an increased incidence of breast cancer over the past decades. Every
year approximately 1.4 million new cases of breast cancer are diagnosed worldwide, with a mortality rate
of approximately 450,000/year. Out of these cases, 6.6% are diagnosed in premenopausal women with a
median age at diagnosis of 40 years: in premenopausal women breast cancer seems to be more aggressive
than in post-menopausal women. Obesity has been reported to increase the risk of developing breast
cancer and to worsen the prognosis. This seems to be due to several obesity-related mechanisms. Insulin
resistance that often occurs with obesity may results in compensatory hyperinsulinemia. Insulin cross-
binds insulin-like growth factor-I receptors expressed on breast cells, resulting in proliferative stimuli on
breast cancer cells. Besides, hyperinsulinemia up-regulates the growth hormone receptor (GHR) thus
increasing GHR stimulation and resulting in an increased hepatic IGF-I synthesis. Moreover, insulin
decreases the hepatic expression of binding proteins of IGF-I, such as insulin-like growth factor binding
proteins (IGFBP)-1 and IGFBP-2, thus leading to high circulating and bioavailable free IGF-I. Additionally,
obesity is associated to chronic low-grade inflammation that has been reported to be an additional
stimulus for tumor growth. This review shows the current evidence regarding to the association of
obesity and breast cancer in premenopausal state focusing on both human and basic studies; showing
that the obesity is a risk factor for breast cancer also among premenopausal women, especially for the
molecular subtype Triple Negative Breast Cancer.
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Introduction

Breast cancer (BC) is a growing public health problem. Although
current efforts in preventing BC, the incidence is increasing in most
developed and developing countries [1–4]. Each year about 1.4
million new cases of BC are diagnosed worldwide, with a mortality
rate of approximately 450,000/year [5]. Of these, 6.6% are
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protein-1; HIF-1, hypoxia inducible factor-1; PI3K, phosphatidylinositol 3-kinase;
Akt, protein kinase B; MAPK, mitogen-activated protein kinase; VEGF, vascular
endothelial growth factor.
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diagnosed in premenopausal women, with a median age at
diagnosis of 40 years [6,7]. In premenopausal women BC seems to
be more aggressive than in post-menopausal women, showing
higher histological grading, increased proliferation rate, higher
rates of vascular invasion [8] and a higher proportion of triple-
negative breast cancer (TNBC) [9]. Further, BC in premenopausal
women has been associated to an increased risk of recurrence and
mortality rate compared to postmenopausal women [9,10]. Several
risk factors for BC have been identified, such as age, genetic
mutations (BRCA 1 and BRCA 2) [11], younger age at menarche, first
pregnancy after the age 30, nulliparity, older age at menopause,
dense breast tissue [12], hormone replacement therapy, use of oral
contraceptives [13], personal and family history of BC or other
breast diseases [14]. Recently, it has been also highlighted that
obesity could represent an important risk factor of developing BC
[15,16]. This seems to be due to several metabolic derangements
associated to obesity. First, obesity is often associated to insulin
resistance that could result in secondary hyperinsulinemia with
consequent cross-binding of insulin-like growth factor-I (IGF-I)
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receptors, thus exerting a mitogen effect on both normal and
neoplastic breast epithelial cells [17]. Furthermore, obesity has
been associated to a subclinical, chronic, low-grade inflammation
that represents an additional predisposing factor for cancer [18].
Thus, the aim of this manuscript is to provide a general overview of
the current evidence on the association of BC and obesity in
premenopausal state, reviewing both clinical and basic studies.

Obesity and Breast Cancer

Clinical evidence

Several studies investigated the association between obesity
and BC [19–21], providing conflicting results [22,23]. In a
longitudinal study Michels et al. reported an inverse association
between body mass index (BMI) and the risk of BC (p < 0.001) in
premenopausal women [22]. The women included in the study
aged 25–42 years and were asked to reply to a self-administered
questionnaire about their medical history and lifestyle. They were
followed for 14 years and were asked to update questionnaires
information on demographic variables, lifestyle factors, and
medical events every two years. This study reported interesting
result but the self-administration of the questionnaire represents
an important bias [22]. Same results were reported by Cecchini
et al. in a chemoprevention study finding that BMI had a significant
relation with increased risk of BC among premenopausal women
>35 years of age, although this result was not confirmed in
postmenopausal women [23]. This study used data from the
National Surgical Adjuvant Breast and Bowel Project (NSABP) P-1
(Breast Cancer Prevention Trial) and STAR (Study of Tamoxifen and
Raloxifene) that were 2-arms, double-blinded, randomized clinical
trials investigating the use of chemoprevention for BC. The women
included in the study were aged >35 years, did not have history of
invasive BC but presented a high risk of developing BC evaluated by
Gail score (Gail score � 1.66). Increased risk of invasive BC was
significantly associated with high BMI (p = 0.01) in premenopausal
women [23]. Furthermore, the authors found a statistically
significant association between BMI and estrogen receptor (ER)-
positive BC, with hazard ratios for the 2 upper categories of BMI of
1.41 and 1.78 (p = 0.04) [23]. This trend was not confirmed for ER-
negative BC and this could be due to the small number of BC events
in this group. In this study, however, the assessment of BMI was
performed only at the study beginning so preventing to draw firm
conclusions on the long-term effect of high BMI [23]. The effect of
obesity on premenopausal BC risk differs across disease subtypes.
Several studies have reported a positive association between
obesity and the risk of developing TNBC in premenopausal women
[24–26]. TNBC subtype is particularly aggressive and frequently
occurs in premenopausal women [24,26,27]. In a recent retro-
spective study, Sahin et al. evaluated the association between BMI
and immunohistochemical subtypes in BC for premenopausal and
postmenopausal women [25]. In the study population BMI was
stratified into 3 groups according to BMI as normal-weighted (BMI
<25 kg/m2), over-weighted (BMI 25–29.9 kg/m2), and obese (BMI
30 kg/m2), immunohistochemical classification of the tumors was
categorized into 4 groups: luminal-like, HER2/luminal-like, HER2-
like, and TNBC according to the ER/PR and HER2 status. This study
demonstrated that there was a high prevalence of obesity at
diagnosis of BC in both premenopausal and postmenopausal
women (p < 0.001 and p < 0.001, respectively) TNBC subtype was
significantly more common in obese premenopausal women
compared to women with BMI <30 kg/m2 (p = 0.007). In addition,
obese premenopausal patients experienced less common luminal-
like subtype (p = 0.033), and more frequently presented with
higher tumor stage (p = 0.012) and tumor grade (p = 0.004) at
diagnosis when compared to patients with BMI <25 kg/m2 [25].
These data confirm the results obtained by a case–case study,
which has reported the positive association of risk for TNBC with
both weight and BMI in premenopausal women (p = 0.012 and
0.004, respectively) with a 5% increase in risk observed for 5 kg
increase in weight and a 16% increase in risk per 5 kg/m2 increase in
BMI [26]. The Cancer and Steroid Hormone (CASH) population-
based, case-control study, found an increased risk for TNBC in
premenopausal women reporting a strong positive association
between BMI and premenopausal TNBC risk (OR (odds ratio) = 1.67,
95% CI (confidence interval) 1.22–2.28; p = 0.026) [28]. Conversely
Yang et al. reported that obesity in younger women was associated
with an increased risk of developing ER-positive or PR-positive
tumors rather than TNBC suggesting that BMI seems to be more
associated with hormone receptor positive tumors [29]. However,
the results of this study were limited by the fact that data were
pooled from different studies that were not totally comparable in
terms of enrolled subjects and experimental design [29]. The
association between BC and obesity seems to be mediated by intra-
abdominal visceral fat that is the main responsible for obesity-
related metabolic and hormonal changes promoting the develop-
ment of BC [30]. Another prospective study, evaluated the
association between abdominal fat, measured as waist and hip
circumferences and by the waist-to-hip ratio, and the risk of BC in
premenopausal women [31]: 116.430 women were included and
during a 12-years follow up 630 cases of premenopausal invasive
BC were recorded. Abdominal adiposity was not significantly
associated with overall incidence of premenopausal BC: however,
but adiposity was associated with risk of developing of ER-negative
BC more strongly than with the risk of ER–positive BC. Although
these results were promising, they should be interpreted with
caution due to the fact that the assessment of anthropometric
measurements was self measured by the patients. Further, the
measurement of waist circumference is an indirect measurement
of visceral adipose tissue, not providing an accurate evaluation
[31]. Further research with more detailed measurements of
abdominal fat with methods not investigator-dependent is
required to elucidate the exact role played by total and abdominal
fat mass in determining BC risk so identifying potential targets for
treatment intervention.

Pathogenesis

Several mechanisms are involved in the association of obesity
and increased risk of developing BC. In lean premenopausal
women, estrogens are mainly produced by ovarian granulosa cells
and only a little part is produced by other peripheral tissues
especially the adipose one [32] while in obese premenopausal
women, most of estrogens derive from the conversion of
androgens into estrogens by aromatase in the adipose tissue
[32]. High levels of estrogens released into the circulation from the
adipose tissue activate the negative feedback in the hypothalamus
pituitary axis leading to reduced gonadotrophin secretion [33],
thus resulting in amenorrhea and reduced ovarian activity with a
markedly reduced synthesis of progesterone [34]. Initially, this
mechanism has been considered as protective against the risk of BC
in obese premenopausal women, because it was hypothesized that
progesterone would increase proliferation of breast cells in the
luteal phase when progesterone levels are usually high [35].
However, this theory has not been supported by subsequent
studies that have hypothesized that progesterone is neutral or even
protective for BC [36]. In fact it has been hypothesized to either
decrease BC risk, by mitigating the estrogen-induced proliferation
in breast epithelial cells [37]. Cohort studies have examined
circulating progesterone levels and BC risk in premenopausal
women and have reported inverse association between circulating
progesterone levels and risk of BC. The European Prospective
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Investigation on Cancer and Nutrition (EPIC), investigated the
association between sex steroid hormones and BC occurrence in
premenopausal women, reporting a statistically significant inverse
relationship between serum levels of progesterone and BC
incidence OR for highest versus lowest quartile (OR = 0.61, 95%
CI = 0.38–0.98; p = 0.06) [38]. In another prospective nested case-
control study Schernhammer et al. have investigated the associa-
tion between circulating sex steroids and BC risk in premenopausal
women finding that endogenous progesterone was not statistically
associated with BC (OR, 1.16; 95% CI, 0.60–2.27; p = 0.75) [39]. In
addition to hormonal mechanisms, metabolic factors have been
hypothesized to be involved in the link between obesity and BC.
Several studies have confirmed that insulin resistance and
compensatory hyperinsulinemia have been associated with
increased risk of BC and with a worse prognostic outcomes both
in premenopausal and postmenopausal women [40–43]. IGF-I
receptors are the main mediators of proliferative effects of insulin.
This could be due to the high homology (more than 50%) of the
insulin receptor (IR) and IGF-I receptor (IGF-IR) that is even 84% at
the a-subunit of the tyrosine kinase domain [44]. Further, insulin
and IGF-I share 40–50% homology. Because of this, insulin and IGF-
I can interact either with IR or with IGF-IR [45], and both of these
receptors have been associated with tumor development [46]. It
has also been reported an overexpression of IGF-IR in BC that is
functional for establishing an enhanced anabolic state necessary
for cell proliferation, differentiation, and anti-apoptosis via
deregulating or over-activating multiple downstream signaling
pathways, including the phosphatidylinositol 3-kinase (PI3K)/
protein kinase B (Akt) and mitogen-activated protein kinase
(MAPK) pathways. This overexpression seems to be stimulated by
high IGF-I and insulin levels [47–49]. Instead, the indirect effects of
hyperinsulinemia on carcinogenesis are attributable to the action
of insulin on circulating endogenous growth factors and their
binding proteins. In hyperinsulinemic states, the growth hormone
receptor (GHR) is upregulated by the increase of insulin concen-
trations in portal circulation thus the increase of GHR stimulation
Fig. 1. Potential Mechanisms of obesity leading to cancer development. Schematic repre
may promote, directly and indirectly, breast cancer growth. IGF-1: insulin-like growth fac
protein; IGFBP 1/2: insulin-like growth factor binding protein 1/2; IL-1b: interleukin-1
result in an increased hepatic IGF-I synthesis [50]. Moreover,
insulin decreases the hepatic expression of binding proteins of
IGF-I, such as insulin-like growth factor binding proteins (IGFBP)-1
and IGFBP-2 [51], thus leading to high plasma levels and
bioavailability of free IGF-I [52]. In this context, IGFBP-1 inhibits
the growth of BC cells in mice with MCF-7 BC xenografts, as well as
hepatocellular cancer growth in mice over-expressing IGF-I and
IGF-II [53,54]. Additionally, obesity is accompanied by increased
circulating levels of pro-inflammatory mediators, such as inter-
leukin (IL)-6, tumor necrosis factor alpha (TNFa), matrix metal-
loproteinase (MMP)-9 and IL-1b, that have been reported to
promote tumorigenesis [55]. Additionally obesity enhances the
secretion of monocyte chemo-attractant protein (MCP)-1, which
stimulates the recruitment of macrophages to adipose tissue,
including the breast one. These tumor-associated macrophages
likely contribute to tumor growth by increasing local and/or
systemic inflammatory and angiogenic factors and generating
reactive oxygen species [56]. Thus, the increase of pro-inflamma-
tory cytokines secretion creates a favorable environment inducing
tumor cells to acquire a phenotype with major invasiveness and
aggressiveness [57–60] (Fig. 1). Furthermore, the progressive
hypertrophy of white adipocytes and the expansion of the white
adipose tissue make the same adipocytes more away from the
vascular network, with the reduction of the oxygen availability
[61]. In hypoxia state the adipose tissue generates an increased
state of oxidative stress, able to make the white adipocytes
hypertrophic/hypoxic and to secrete inflammatory proteins and to
induce brown adipocytes dysfunction [62]. Hypoxia, furthermore,
induces a status of insulin resistance [63,64], ischemia and
necrosis of white adipocytes [65]; production and release of
inflammatory cytokines and angiogenic factors [66]. The decrease
oxygen tension activates the transcription factor hypoxia inducible
factor (HIF)-1 generating a series of negative effects as inhibition of
production of adiponectin by white adipocytes and increased level
of leptin [67]. In fact adiponectin appears to have a regulatory role
in insulin resistance and to exert antineoplastic activities, a
sentation of aspects of obesity that shows how insulin resistance and inflammation
tor-1; IR-A: insulin receptor type A; IR-B: insulin receptor type B; SHBG: sex binding

 beta; IL-6: interleukin-6; TNF-a: tumor necrosis factor-alpha.



Fig. 2. Potential mechanisms of obesity leading to cancer development. Schematic representation of aspects of obesity that shows how the changes in adipose tissue during
weight gain. During obese adipose tissue expansion, preadipocyte differentiation is impaired, and hypoxia activates hypoxia-inducible factor 1 (HIF-1) with consequently
decrease adiponectin expression and upregulat leptin, secretion of inflammatory cytokines, including tumor necrosis factor a (TNF-a), interleukin-6 (IL-6), induction a status
of insulin resistance and icreased of oxidative stress.
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reduction in the proliferation of adipocyte cells, endothelial cells
and tumor cells [68]. In addition, adiponectin has been reported to
block angiogenesis by decreasing the expression of vascular
endothelial growth factor (VEGF) and Bcl-2 (anti-apoptotic) and
increasing the activity of p53, Bax and caspase (pro-apoptotic),
with resulting in apoptosis of endothelial cells. Likewise,
adiponectin was shown to reduce TNF-a induced effects on cell
proliferation and migration [69,70]. Conversely low levels of
adiponectin exert pro-inflammatory effects rising the secretion of
several proinflammatory cytokines including TNF-a and IL-6,
leading to the onset of a tumorigenic microenvironment promot-
ing tumor development [71]. Leptin, closely related to adipose
tissue mass and volume of adipocytes [72], has instead been shown
to have carcinogenic properties, increasing the expression of anti-
apoptotic proteins, inflammatory markers (TNF-a, IL-6), angio-
genic factors (VEGF), and also the hypoxia-inducible factor-1a
(HIF-1a) by promoting cancer cell survival, proliferation and
migration [73]. (Fig. 2).

Conclusion

Epidemiological studies indicate progressively increased number
of cases with BC in most developed and developing countries.
Premenopausal state at diagnosis is highly associated with a
significantly increased risk of recurrence and higher mortality rate.
Obesity has been reported to be a risk factor for BC, especially for the
molecular subtype TNBC. The effects of obesity on the risk of breast
cancer in premenopausal are mediated by molecular mechanisms as
compensatoryhyperinsulinemia to insulinresistance andhighlevels
of insulinand IGF-1, increased pro-inflammatorycytokines secretion
(TNF-a and IL-6), changes in the leptin and the hypoxia. This
information is important either for Oncologist and Nutritionists to
increases the knowledge on the possible relationships between
obesity and breast cancer in premenopausal women, with the aim
not only to reduce the risk of breast cancer in obese patient but also
for delineating the risk profile for metabolic risk factors that may
result from obesity. Being obesity a multifactorial disease and an
important risk factor for BC, further study should be focused to
implement individual lifestyle recommendations based on both
prevention of cancer risk and weight management.
References

[1] Eccles S.A., Aboagye EO, Ali S, Anderson AS, Armes J, Berditchevski F, et al.
Critical research gaps and translation alpriorities for the successful prevention
and treatment of breast cancer. Breast Cancer Res 2013;15:R92.

[2] Arnold M, Karim-Kos HE, Coebergh JW, Byrnes G, Antilla A, Ferlay J, et al.
Recent trends in incidence of five common cancers in 26 European countries
since 1988: analysis of the European Cancer Observatory. Eur J Cancer 2015;51
(9):1164–87.

[3] Rahib L, Smith BD, Aizenberg R, Rosenzweig AB, Fleshman JM, Matrisian LM.
Projecting cancer incidence and deaths to 2030: the unexpected burden of
thyroid, liver, and pancreas cancers in the United States. Cancer Res
2014;74:2913–21.

[4] Colditz GA, Bohlke K. Priorities for the primary prevention of breast cancer. CA
Cancer J Clin 2014;64:186–94.

[5] Botrel TE, Paladini L, Clark OA. Lapatinib plus chemotherapy or endocrine
therapy (CET) versus CET alone in the treatment of HER2 overexpressinglo-
callyadvanced or metastaticbreastcancer: systematicreview and meta–analy-
sis. Core Evid 2013;8:69–78.

[6] Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM. Estimates of
worldwide burden of cancer in 2008: GLOBOCAN 2008. Int J Cancer 201012:.

[7] Narod SA. Breast cancer in young women. Nat Rev Clin Oncol 2012;9:460–70.
[8] Azim Jr HA, Partridge AH. Biology of breast cancer in young women. Breast

Cancer Res 2014;16(4):427.
[9] Collins LC, Marotti JD, Gelber S. Pathologic features and molecular phenotype

by patient age in a large cohort of young women with breast cancer. Breast
Cancer Res Treat 2012;131(3):1061–6.

[10] Voogd AC, Nielsen M, Peterse JL. Differences in risk factors for local and distant
recurrence after breast-conserving therapy or mastectomy for stage I and II
breast cancer: pooled results of two large European randomized trials. J Clin
Oncol 2001;19(6):1688–97.

[11] Metcalfe K, Lubinski J, Lynch HT, Ghadirian P, Foulkes WD, Kim-Sing C, et al.
Family history of cancer and cancer risks in women with BRCA1 or BRCA2
mutations. J Natl Cancer Inst 2010;102(24):1874–8.

[12] Collaborative Group on Hormonal Factors in Breast Cancer. Menarche,
menopause, and breast cancer risk: individual participant meta-analysis,
including 118 964 women with breast cancer from 117 epidemiological
studies. Lancet Oncol 2012;13(11):1141–51.

[13] Gierisch JM, Coeytaux RR, Urrutia RP, Havrilesky LJ, Moorman PG, Lowery WJ,
et al. Oral contraceptive use and risk of breast, cervical, colorectal, and
endometrial cancers: a systematic review. Cancer Epidemiol Biomark Prev
2013;22:1931–43.

[14] Ritte R, Tikk K, Lukanova A, Tjonneland A, Olsen A, Overvad K, et al.
Reproductive factors and risk of hormone receptor positive and negative
breast cancer: a cohort study. BMC Cancer 2013;13:584.

[15] Rice MS, Eliassen AH, Hankinson SE, Lenart EB, Willett WC, Tamimi RM. Breast
cancer research in the nurses' HealthStudies: exposuresAcross the life course.
Am J Public Health 2016;106(9):1592–8.

[16] Castello A, Martín M, Ruiz A. Lower Breast cancer risk among women following
the world cancer research fund and american institute for cancer research
lifestyle recommendations: epiGEICAM case-control study. PLoS One 2015;10
(5):e0126096.

http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0005
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0005
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0005
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0010
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0010
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0010
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0010
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0015
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0015
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0015
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0015
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0020
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0020
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0025
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0025
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0025
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0025
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0030
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0030
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0035
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0040
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0040
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0045
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0045
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0045
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0050
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0050
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0050
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0050
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0055
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0055
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0055
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0060
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0060
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0060
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0060
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0065
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0065
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0065
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0065
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0070
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0070
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0070
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0075
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0075
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0075
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0080
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0080
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0080
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0080


D. Laudisio et al. / European Journal of Obstetrics & Gynecology and Reproductive Biology 230 (2018) 217–221 221
[17] Vona-Davis L, Rose DP. Type 2 diabetes and obesity metabolic interactions:
common factors for breast cancer risk and novel approaches to prevention and
therapy. Curr Diabetes Rev 2012;8:116–30.

[18] Lashinger LM, Ford NA, Hursting SD. Interacting inflammatory and growth
signals underlie the obesity-cancer link. J Nutr 2014;144:109–13.

[19] White AJ, Nichols HB, Bradshaw PT, Sandler DP. Overall and central adiposity
and breast cancer risk in the Sister Study. Cancer 2015;121:3700–8.

[20] Neuhouser ML, Aragaki AK, Prentice RL, Manson JE, Chlebowski R, Carty CL,
et al. Overweight, obesity, and postmenopausal invasive breast cancer risk: a
secondary analysis of the Women’s Health Initiative randomized clinical trials.
JAMA Oncol 2015;1:611–21.

[21] Sebastiani F, Cortesi L, Sant M, Lucarini V, Cirilli C, De Matteis E, et al. Increased
incidence of breast cancer in postmenopausal women with high body mass
index at the Modena Screening Program. J Breast Cancer 2016;19:283–91.

[22] Michels KB, Terry KL, Willett WC. Longitudinal study on the role of body size in
premenopausal breast cancer. Arch Intern Med 2006;166:2395–402.

[23] Cecchini RS, Costantino JP, Cauley JA, Cronin WM, Wickerham DL, Land SR,
et al. Body mass index and the risk for developing invasive breast cancer
among high-risk women in NSABP P-1 and STAR breast cancer prevention
trials. Cancer Prev Res (Phila) 2012;5:583–92.

[24] Kawai M, Malone KE, Tang MT, Li CI. Height, body mass index (BMI), BMI
change, and the risk of estrogen receptor positive, HER2-positive, and triple-
negative breast cancer among women ages 20 to 44 years. Cancer
2014;120:1548–56.

[25] Sahin S, Erdem GU, Karatas F, Aytekin A, Sever AR, Ozisik Y, et al. The
association between body mass index and immunohistochemical subtypes in
breast cancer. Breast 2017;32:227–36.

[26] Chen L, Cook LS, Tang MT, Porter PL, Hill DA, Wiggins CL, et al. Body mass index
and risk of luminal, HER2-overexpressing, and triple negative breast cancer.
Breast Cancer Res Treat 2016;157(3):545–54.

[27] Dolle JM, Daling JR, White E, et al. Risk factors for triple-negative breast cancer
in women under the age of 45 years. Cancer Epidemiol Biomark Prev
2009;18:1157–66.

[28] Gaudet MM, Press MF, Haile RW, Lynch CF, Glaser SL, Schildkraut J, et al. Risk
factors by molecular subtypes of breast cancer across a population-based
study of women 56 years or younger. Breast Cancer Res Treat
2011;130:587597.

[29] Yang XR, Chang-Claude J, Goode EL, Couch FJ, Nevanlinna H, Milne RL, et al.
Associations of breast cancer risk factors with tumor subtypes: a pooled
analysis from the Breast Cancer Association Consortium studies. J Natl Cancer
Inst 2011;103(3):250e63.

[30] Van Gemert WA, Monninkhof EM, May AM, Elias SG, van der Palen J, Veldhuis
W, et al. Association between changes in fat distribution and biomarkers for
breast cancer. Endocr Relat Cancer 2017;24(6):297–305.

[31] Holly RH, Walter CW, Kathryn LT, Karin BM. Body fat distribution and risk of
premenopausal Breast cancer in the nurses’ health study II. J Natl Cancer Inst
2011;103(3):273–8.

[32] Simpson ER. Aromatase: biologic relevance of tissue-specific expression.
Semin Reprod Med 2004;22(1):11–23.

[33] Polotsky AJ, Hailpern SM, Skurnick JH, Lo JC, Sternfeld B, Santoro N. Association
of adolescent obesity and lifetime nulliparity-the study of women’s health
across the nation (SWAN). Fertil Steril 2010;93:2004–11.

[34] Jain A, Polotsky AJ, Rochester D, Berga SL, Loucks T, Zeitlian G, et al. Pulsatile
luteinizing hormone amplitude and progesterone metabolite excretion are
reduced in obese women. J Clin Endocrinol Metab 2007;92:2468–73.

[35] Lanari C, Molinolo AA. Progesterone receptors–animal models and cell
signalling in breast cancer. Diverse activation pathways for the progesterone
receptor: possible implications for breast biology and cancer. Breast Cancer
Res 2002;4(6):240–3.

[36] Campagnoli C, Abba C, Ambroggio S, Peris C. Pregnancy, progesterone and
progestins in relation to breast cancer risk. J Steroid Biochem Mol Biol
2005;97:441–450et.

[37] Doisneau-Sixou SF, Sergio CM, Carroll JS, Hui R, Musgrove EA, Sutherland RL.
Estrogen and antiestrogen regulation of cell cycle progression in breast cancer
cells. Endocr Relat Cancer 2003;10(2):179–86.

[38] Kaaks R, Berrino F, Key T, Rinaldi S, Dossus L, Biessy C, et al. Serum sex steroids
in premenopausal women and breast cancer risk within the European
Propsective Investigation into Cancer and Nutrition (EPIC). J Natl Cancer Inst
2005;97:755–65.

[39] Schernhammer ES, Sperati F, Razavi P, et al. Endogenous sex steroids in
premenopausal women and risk of breast cancer: the ORDET cohort. Breast
Cancer Res 2013;15:R46.

[40] Muti P, Quattrin T, Grant BJ, Krogh V, Micheli A, Schünemann HJ, et al. Fasting
glucose is a risk factor for breast cancer: a prospective study. Cancer Epidemiol
Biomark Prev 2002;11:1361–8.

[41] Schairer C, Hill D, Sturgeon SR, Fears T, Pollak M, Mies C, et al. Serum
concentrations of IGF-I, IGFBP-3 and c-peptide and risk of hyperplasia and
cancer of the breast in postmenopausal women. Int J Cancer 2004;108:773–9.

[42] Michels KB, Solomon CG, Hu FB, Rosner BA, Hankinson SE, Colditz GA, et al.
Type 2 diabetes and subsequent incidence of breast cancer in the Nurses’
Health Study. Diabetes Care 2003;26:1752–8.

[43] Goodwin PJ, Ennis M, Pritchard KI, Trudeau ME, Koo J, Madarnas Y, et al. Fasting
insulin and outcome in early-stage breast cancer: results of a prospective
cohort study. J Clin Oncol 2002;20:42–51.
[44] Gunter MJ, Hoover DR, Yu H, Wassertheil-Smoller S, Rohan TE, Manson JE, et al.
Insulin, insulin-like growth factor-I, and risk of breast cancer in post-
menopausal women. J Natl Cancer Inst 2009;101(1):48–60.

[45] Gunter MJ, Hoover DR, Yu H, Wassertheil-Smoller S, Manson JE, Li J, et al. A
prospective evaluation of insulin and insulin-like growth factor-I as risk
factors for endometrial cancer. Cancer Epidemiol Biomark Prev 2008;17
(4):921–9.

[46] Humpert PM, Djuric Z, Zeuge U, Oikonomou D, Seregin Y, Laine K, et al. Insulin
stimulates the clonogenic potential of angiogenic endothelial progenitor cells
by IGF-1 receptor-dependent signaling. Mol Med 2008;14:301–8.

[47] Parekh N, Guffanti G, Lin Y, Ochs-Balcom HM, Makarem N, Hayes R. Insulin
receptor variants and obesity-related cancers in the Framingham heart study.
Cancer Causes Control 2015;26(8):1189–95.

[48] Argiles JM, López-Soriano FJ. Insulin and cancer (review). Int J Oncol 2001;18
(4):683–7.

[49] Arcidiacono B, Iiritano S, Nocera A, Possidente K, Nevolo MT, Ventura V, et al.
Insulin resistance and cancer risk: an overview of the pathogenetic
mechanisms. Exp Diabet Res 2012;2012:789174.

[50] Gallagher EJ, LeRoith D. The proliferating role of insulin and insulin-like
growth factors in cancer. Trends Endocrinol Metab 2010;21(10)610–8 53.

[51] Renehan AG, Frystyk J, Flyvbjerg A. Obesity and cancer risk: the role of the
insulin-IGF axis. Trends Endocrinol Metab 2006;17(8):328–36.

[52] Héron-Milhavet L, LeRoith D. Insulin-like growth factor I induces MDM2-
dependent degradation of p53 via the p38 MAPK pathway in response to DNA
damage. J Biol Chem 2002;277(18):15600–6.

[53] Zhang X, Yee D. Insulin-like growth factor binding protein-1 (IGFBP-1) inhibits
Breast cancer cell motility. Cancer Res 2002;62(15):4369–75.

[54] Lu S, Archer MC. Insulin-like growth factor binding protein-1 over-expression
in transgenic mice inhibits hepatic preneoplasia. Mol Carcinog 2003;36
(3):142–6.

[55] Divella R, De Luca R, Abbate I, Naglieri E, Daniele A. Obesity and cancer: the role
of adipose tissue and adipo-cytokines-induced chronic inflammation. J Cancer
2016;7(15):2346–59.

[56] Lashinger LM, Ford NA, Hursting SD. Interacting inflammatory and growth
signals underlie the obesity-cancer link. J Nutr 2014;144:109–13.

[57] Zhang Y, Nowicka A, Solley TN, Wei C, Parikh A, Court L, et al. Stromal cells
derived from visceral and obese adipose tissue promote growth of ovarian
cancers. PLoS One 2015;10(8):e0136361.

[58] Jung YY, Lee YK, Koo JS. Expression of cancer-associated fibroblast-related
proteins in adipose stroma of breast cancer. Tumour Biol 2015;36(11):8685–
95.

[59] Booth A, Magnuson A, Fouts J, Foster M. Adipose tissue, obesity and
adipokines: role in cancer promotion. Horm Mol Biol Clin Investig 2015;21
(1):57–74.

[60] Park EJ, Lee JH, Yu GY, He G, Ali SR, Holzer RG, et al. Dietary and genetic obesity
promote liver inflammation and tumor genesis by enhancing IL-6 and TNF
expression. Cell 2010;140(2):197–208.

[61] Engin A. Adipose tissue hypoxia in obesity and its impact on preadipocytes and
macrophages: hypoxia hypothesis. Adv Exp Med Biol 2017;960:305–26.

[62] Wood IS, de Heredia FP, Wang B, Trayhurn P. Cellular hypoxia and adipose
tissue dysfunction in obesity. Proc Nutr Soc 2009;68(4):370–7.

[63] Halberg N, Khan T, Trujillo ME, et al. Hypoxia-inducible factor 1ainduces
fibrosis and insulin resistance in white adipose tissue. Mol Cell Biol
2009;29:4467–83.

[64] Cao Y. Angiogenesis and vascular functions in modulation of obesity, adipose
metabolism, and insulin sensitivity. Cell Metab 2013;18(4):478–89.

[65] Trayhurn P, Alomar SY. Oxygen deprivation and the cellular response to
hypoxia in adipocytes – perspectives on white and brown adipose tissues in
obesity. Front Endocrinol (Lausanne) 2015;6:19.

[66] Closa D, Folch-Puy E. Oxygen free radicals and the systemic inflammatory
response. IUBMB Life 2004;56(4):185–91.

[67] Trayhurn P. Hypoxia and adipocyte physiology: implications for adipose tissue
dysfunction in obesity. Annu Rev Nutr 2014;34:207–36.

[68] Khan S, Shukla S, Sinha S, Meeran SM. Role of adipokines and cytokines in
obesity-associated breast cancer: therapeutic targets. Cytokine Growth Factor
Rev 2013;24(6):503–13.

[69] Nakayama S, Miyoshi Y, Ishihara H, Noguchi S. Growth-inhibitory effect of
adiponectin via adiponectin receptor 1 on human breast cancer cells through
inhibition of S-phase entry without inducing apoptosis. Breast Cancer Res
Treat 2008;112(3):405–10.

[70] Körner A, Pazaitou-Panayiotou K, Kelesidis T, Kelesidis I, Williams CJ, Kaprara
A, et al. Total and high-molecular-weight adiponectin in breast cancer: in vitro
and in vivo studies. J Clin Endocrinol Metab 2007;92(3):1041–8.

[71] Hebbard L, Ranscht B. Multifaceted roles of adiponectin in cancer. Best Pract
Res Clin Endocrinol Metab 2014;28(1):59–69.

[72] Münzberg H, Morrison CD. Structure, production and signaling of leptin.
Metabolism 2015;64(1):13–23.

[73] Booth A, Magnuson A, Fouts J, Foster M. Adipose tissue, obesity and
adipokines: role in cancer promotion. Horm Mol Biol Clin Investig 2015;21
(1):57–74.

http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0085
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0085
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0085
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0090
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0090
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0095
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0095
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0100
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0100
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0100
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0100
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0105
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0105
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0105
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0110
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0110
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0115
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0115
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0115
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0115
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0120
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0120
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0120
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0120
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0125
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0125
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0125
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0130
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0130
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0130
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0135
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0135
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0135
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0140
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0140
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0140
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0140
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0145
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0145
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0145
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0145
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0150
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0150
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0150
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0155
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0155
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0155
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0160
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0160
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0165
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0165
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0165
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0170
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0170
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0170
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0175
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0175
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0175
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0175
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0180
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0180
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0180
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0185
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0185
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0185
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0190
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0190
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0190
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0190
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0195
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0195
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0195
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0200
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0200
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0200
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0205
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0205
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0205
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0210
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0210
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0210
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0215
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0215
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0215
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0220
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0220
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0220
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0225
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0225
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0225
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0225
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0230
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0230
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0230
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0235
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0235
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0235
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0240
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0240
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0245
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0245
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0245
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0250
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0250
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0255
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0255
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0260
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0260
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0260
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0265
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0265
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0270
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0270
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0270
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0275
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0275
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0275
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0280
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0280
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0285
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0285
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0285
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0290
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0290
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0290
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0295
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0295
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0295
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0300
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0300
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0300
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0305
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0305
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0310
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0310
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0315
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0315
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0315
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0320
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0320
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0325
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0325
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0325
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0330
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0330
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0335
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0335
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0340
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0340
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0340
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0345
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0345
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0345
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0345
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0350
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0350
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0350
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0355
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0355
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0360
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0360
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0365
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0365
http://refhub.elsevier.com/S0301-2115(18)30148-9/sbref0365

	Obesity and breast cancer in premenopausal women: Current evidence and future perspectives
	Introduction
	Obesity and Breast Cancer
	Clinical evidence
	Pathogenesis

	Conclusion
	References


