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Metabolic syndrome and breast cancer: an overview
G. Gezgen, E.C. Roach, M.C. Kizilarslanoglu, I. Petekkaya, K. Altundag
Department of Medical Oncology, Hacettepe University Institute of Oncology, Ankara, Turkey

Summary
Worldwide, breast cancer is the most frequently diagnosed life-threatening cancer in women and the most
important cause of cancer-related deaths among women.
This disease is on the rise in Turkey.
Metabolic syndrome is a cluster of metabolic disturbances including insulin resistance, dyslipidemia, hypertension, abdominal obesity and high blood sugar. Several
studies have examined the association of the individual
components of the metabolic syndrome with breast cancer.
More recent studies have shown it to be an independent risk
factor for breast cancer. It has also been associated with
poorer prognosis, increased incidence, a more aggressive
tumor phenotype. Basic research studies are now in prog-

Introduction
Worldwide, breast cancer is the most frequently
diagnosed life-threatening cancer in women and the
most important cause of cancer-related deaths in European, American, and Latin-American women [1].
Breast cancer incidence has been on the rise in Turkey.
Currently, its prevalence is 50/100,000 in the western
regions, and 20/100,000 in the eastern regions; this difference is possibly related to social, cultural and economic differences which alter the risk factors [2].
Metabolic syndrome is a cluster of metabolic disturbances including insulin resistance, dyslipidemia,
hypertension, abdominal obesity and high blood sugar.
Studies conducted in Turkey have shown that not only
that metabolic syndrome is very common among both
men and women [3], but is also prevalent among medical professionals [4]. Several studies have examined the
association of the individual components of the metabolic syndrome with breast cancer. More recent studies

ress to illuminate the molecular pathways and mechanisms
that are behind this correlation. Given the fact that all of
the components of metabolic syndrome are modifiable risk
factors, preventive measures must be established to improve
the outcome of breast cancer patients.
In this review we set the background by taking into account previous studies which have identified the components
of metabolic syndrome individually as breast cancer risk
factors. Then we present the latest findings which elaborate
possible explanations regarding how metabolic syndrome
as a single entity may affect breast cancer risk.
Key words: breast cancer, metabolic syndrome, prognosis,
predictive

have shown it to be an independent risk factor for breast
cancer [5]. It has also been associated with poorer prognosis [6], increased incidence [7], a more aggressive tumor phenotype [8].
The mechanisms by which the metabolic syndrome affects breast cancer remain largely unknown.
However, hyperinsulinemia and increased levels of insulin like growth factor 1 (IGF-1), increased levels of
circulating adipokines, which in turn, affect plasminogen activator inhibitor-1 (PAI-1), pathophysiologic
pathways including those involved in inflammation and
hormone synthesis and metabolism which also have an
impact on blood pressure and the fact that cholesterol
is the precursor of carcinogenic steroid hormones, have
been put forth as possible explanations.
In this review we set the background by taking
into account previous studies which have identified
the components of metabolic syndrome individually
as breast cancer risk factors. Then we present the latest
findings which elaborate the aforementioned possible
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explanations regarding how metabolic syndrome as a
single entity may affect breast cancer risk.

Diabetes and breast cancer
Many case control cohort studies have demonstrated the relationship between breast cancer and diabetes. One of them, involving 1.2 million patients in the
US (588 321 women) from 1982 to 1988, after adjustment for potential confounding variables, has shown that
women with diabetes are more likely to die from breast
cancer than women not diagnosed with diabetes (hazard
ratio/HR =1.27; 95% confidence interval/CI 1.11-1.45)
[9]. Three meta-analyses have looked into this relationship in detail [10-12]. The most recent one, a systematic
review, has identified that patients with breast cancer and
diabetes had a significantly higher all-cause mortality
risk (pooled HR 1.49; 95% CI 1.35-1.65) compared with
their nondiabetic counterparts. The finding was shown to
be consistent across different populations, generally independent of possible confounding variables, and robust
even after accounting for possible publication bias [12].
Also, diabetes has been shown to influence the breast
cancer stage, modify treatment regimens, increase risk
of being hospitalized for any chemotherapy toxicity and
have an adverse effect on disease-free survival [13-16].
Both the pathophysiological and the therapeutic
aspects of diabetes have been related with breast cancer. The insulin resistance present in type 2 diabetes is
thought to lead to hyperglycemia which promotes cell
growth and metabolism, proliferation and differentiation. Additionally, the state of hyperinsulinemia has
been shown to increase mitogenicity and the level of
androgens, which in turn, displace estrogens from the
sex hormone binding globulins, thereby increasing the
level of free circulating estrogens which contributes to
the development of breast cancer [10].
Insulin may exert its effects directly on epithelial
cells by activating AKT and ERK pathways which have
important roles in tumorigenesis[17,18]. Furthermore,
insulin has been shown to stimulate breast cancer cells
synergistically with oestradiol [19]. Insulin receptor
(IR) was found to be much more concentrated in breast
cancer samples when compared to healthy breast tissue
in a study which also discovered that high IR concentration correlated with tumor size, grade, and oestrogenreceptor [20]. Similarly another study has demonstrated that IR expression is a good predictor of disease-free
survival [21].
Three studies which we have taken into consideration have demonstrated fasting insulin levels to be directly related to cancer recurrence and death [22-24],

however, three have found no consistent association between fasting insulin and breast cancer risk in postmenopausal women [25-27]. The relationship between fasting
levels of C peptide and breast cancer has also been intensively looked into. A recently published observational
study of 604 women enrolled onto the Health, Eating, Activity, and Lifestyle (HEAL) study who were diagnosed
with local or regional breast cancer between 1995 and
1998 has shown that a 1-ng/mL increase in fasting C-peptide levels was associated with a 35% increased risk of
death as a result of breast cancer (HR 1.35; 95% CI 1.021.87, p = 0.048) with a stronger association in certain subgroups, including women with type 2 diabetes, women
with a body mass index <25 kg/m2, women diagnosed
with a higher stage of disease, and women whose tumors
were estrogen receptor positive [28]. Two other studies
have also supported this association [29,30]. The variety
in patients and protocols among these studies warrants
further research regarding this association. To summarize, we believe that the available data is insufficient to
point out an association between blood concentrations of
insulin resistance markers and breast-cancer risk.
Insulin may also act through the insulin-likegrowth factor (IGF) system which is thought to be a
key regulatory pathway in breast cancer [31]. Increased
levels of IGF-1 and insulin like growth factor binding
protein 3 (IGFBP3) have been shown to be related with
increased breast cancer risk [32]. However, the significance of this mechanism is still uncertain.
The treatments available for type 2 diabetes and
their relationship with breast cancer have also drawn
great interest. Metformin is a biguanide drug that increases skeletal muscle glucose uptake leading to reduction in both hyperglycemia and hyperinsulinemia,
is thought to have insulin-independent favorable effects
in the treatment and prevention of breast cancer through
inhibition of the adenosine monophosphate-activated
protein kinase/mammalian target of rapamycin/S6 kinase 1 pathway [33]. Bosco et al. in a multivariate analysis have shown that at-least-one-year metformin users may reduce their incidence of breast cancer [34]. A
study published in 2010, which involved a nested casecontrol analysis among 22,621 female users of oral antidiabetic drugs with type 2 diabetes, has shown that
long-term use of metformin is associated with an adjusted odds ratio of 0.44 (95% CI 0.24-0.82) for developing breast cancer compared with no metformin use [35].
Also, retrospective studies have shown higher rates of
pathologic response after preoperative chemotherapy in
patients with diabetes and breast cancer receiving metformin [36]. Currently, there are clinical trials that are
underway evaluating the efficacy of metformin prior to
surgery in breast cancer [37].
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Breast cancers have been shown to be related with
PPAR γ, a nuclear hormone receptor. Decreased expression of PPAR γ has been related with advanced disease,
high tumor grade, and more aggressive histology [38].
However, troglitazone, a PPAR γ agonist, has failed to
induce any response in a phase II study involving 22
patients [39]. Yet, a recent study has demonstrated that
troglitazone acted in synergy with heregulin to induce
massive cell death in breast cancer cells by inducing
- mainly through caspase - independent necrosis and
apoptosis [40]. In our opinion the exploitation of this
pathway as a breast cancer treatment pathway deserves
further research.
Lastly, in contrast with the treatments mentioned
above, long term use of insulin glargine has been associated with increased risk of breast cancer [41]. To sum
up, the treatments available for diabetes may have as
much as an impact as diabetes itself, therefore, must be
looked into via randomized controlled trials.
To summarize, data suggest that type 2 diabetes
might be associated with up to 10-20% excess risk for
breast cancer [42]. The substantial mortality attributed
to diabetes alone, and the comorbidities which have
confounding effects that are usually present concomitantly to diabetes such as being overweight, renders any
attempt to claim a causal relationship premature. Further understanding of the mechanisms involved in the
relationship between type 2 diabetes and breast cancer
may lead to the discovery of new therapeutic agents,
and help establish more effective preventive measures.

Obesity and breast cancer
Body mass index (BMI) is known to be a risk modifying factor for breast cancer. Epidemiological studies
have shown that premenopausal obesity is overall protective for breast cancer [43], whereas postmenopausal
obesity causes an increase in the risk for breast cancer
[44,45]. Since obesity has a close relationship with increased levels of insulin and insulin like growth factors,
it is suggested that this situation could lead to increase in
some specific breast cancer subtypes such as triple negative breast cancer. In a study by Maiti et al., women with
triple negative breast cancer had a higher prevalence of
metabolic syndrome [46]. The same authors demonstrated also that, although increased BMI and hypertension
are components of metabolic syndrome, they did not individually show any independent association, implying
that there might be some kind of potentiation between
elevated blood glucose and dyslipidemia.
Insulin resistance reduces sex hormone-binding
globulin levels, causing an increase in free estrogen and

androgen levels, hence increasing proliferation of breast
epithelial cells. For this reason, it is suggested that premenopausal breast cancer risk may also increase by
insulin resistance [47]. A recent analysis showed that,
among younger women, obesity had a negative relationship with risk for receptor positive tumors only, suggesting that obesity does not protect from ER−/PR−cancers
[48]. Also, a recent study showed that oxidized LDL receptors (OLR) may also be a link between cancer and
obesity, as well as hyperlipidemia, and is theorized to
act as an oncogene by activation of nuclear factor-kB
(NF-kB) target genes responsible for proliferation, migration and inhibition of apoptosis and de novo lipogenesis genes [49].
Lastly, the effects of adipokines and their receptors in breast cancer have also been demonstrated. It is
known that the levels of the adipokine leptin are positively correlated with obesity status, whereas lower adiponectin levels are present with increasing obesity. The
adipokines leptin and adiponectin, which are promitogenic, proangiogenic, and proapoptotic, antiinflammatory respectively, are theorized to take place in an interplay which alters the risk of breast cancer [50]. In a recently published study [51], mRNA expression of leptin
and its receptor, in adipose tissue and matched tumor
samples, respectively, was demonstrated to be associated with obesity status in breast cancer. However, there
was no difference in intratumoral leptin adiponectin or
its ligand receptors in the same groups.

Hypertension and breast cancer
Elevated blood pressure is one of the leading comorbidities in the world. It also has been proposed to be
a risk factor for breast cancer [52], but findings remain
controversial [53]. Elevated diastolic blood pressure
levels were found to be associated with increased incidence of breast cancer among non pharmacologically
treated women. Additionally, it is suggested that elevated blood pressure not only is a risk factor for breast
cancer, but also it may affect the survival and recurrence of breast cancer [54]. Researchers found that, after elimination of potential confounders, hypertensive
African-American women showed a 1.60-fold higher
recurrence risk than non hypertensive ones. However,
in that study, anti hypertensive treatment was not eliminated as a potential confounder. On the other hand Largent et al. [55] found that there is a slightly increased
risk between hypertension and breast cancer and also
with the usage of diuretics. Longer duration of diuretics
use is also reported to be related with increased risk of
breast cancer. In another study [56], which also showed
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a small but significant relationship between breast cancer and hypertension, thiazide and potassium-sparing
(plus immediate-release calcium channel blockers) diuretics caused an increase in breast cancer rather than
loop diuretics. Some other antihypertension drugs have
also been shown to affect the course of breast cancer. In
a recent study, beta blocker intake was found to be associated with relapse free survival in triple negative breast
cancer patients [57]. The proposed mechanism was explained by the neuroendocrine activation in another article in a mouse model [58]. In that article, mice which
were subjected to chronic stress had smaller tumors but
more metastases. The administration of the β-antagonist
propranolol reversed the macrophage infiltration and
hence the metastatic tumor spread.
Not only essential hypertension, but also pregnancy-related hypertension or preeclampsia is also a
risk modifier condition in a women’s life. Preeclampsia is found to decrease the risk in odds ratio (OR) of
breast cancer by 20-30%. The suggested mechanism is
that women with preeclampsia have lower levels of estrogen and insulin like growth factor, and higher levels
of androgens and human chorionic gonadotropin [59].
As a conclusion, the link between hypertension,
usage of related drugs and breast cancer remains controversial. There is not significant evidence to cause a
modification in the current treatment guidelines, however, in the future, with better designed trials and studies, the effects of the antihypertensive drugs will be understood more clearly.

Dyslipidemia and breast cancer
Dyslipidemia, as a modifiable risk factor, has been
researched extensively with regard to breast cancer.
Several mechanisms have been put forth to attempt to
explain the mechanisms by which dyslipidemia increases the risk, worsens the prognosis, and affects the treatment of breast cancer. Also, the cholesterol metabolism
and the molecular interactions of lipid rafts have been
studied.
Research has suggested that low HDL-cholesterol, a well established cardiovascular disease risk factor,
may be associated with the incidence of cancer at various sites and organs [60]. This claim has been studied extensively in other case-control and prospective studies,
however differences in study population, study design
and analysis approaches, have led to mixed results [6169]. A recently published prospective study, consisting
of 15,792 men and women, has demonstrated a modest
association of low premenopausal HDL-cholesterol with
an increased risk of breast cancer, independent of age,

age at menarche, number of live births, race, BMI, and
smoking status [70]. HDL has also been shown to exert
a protective effect with respect to breast cancer in a certain group of premenopausal women [71].
The molecular mechanisms that relate the lipoprotein levels and breast cancer risk are currently being
investigated in multiple aspects.
Epidermal growth factor receptor (EGFR) is overexpressed in about 30% of breast cancers. A recent study
has shown that lipid raft localization of EGFR correlates
with resistance to growth inhibition via EGFR inhibitors and pharmacological depletion of cholesterol from
lipid rafts decreases this resistance in breast cancer cell
lines [72].
Cancer cells require a supply of fatty acids (FA)
for growth and survival, and interruption of de novo FA
synthesis in rat models has resulted in anticancer effects. A recently published article has shown that hydrolytic release of FA from triglyceride in circulating
lipoprotein particles by the secreted enzyme lipoprotein
lipase (LPL), the expression of CD36 and the channel
for cellular FA uptake, would be necessary in order to
accomplish interruption of de novo FA synthesis. Immunohistochemical studies have shown that these are
expressed in breast cancer cells [73].
Cholesterol receptor levels have also been associated with metastasis in breast cancer. A recently published study has shown that up-regulated expression of
type II very low density lipoprotein receptor correlates
with metastasis in breast cancer [74].
To sum up, lipids and lipoproteins, which have
been demonstrated to be active molecules with many
effects rather than idle means of energy storage, may
have as much as an impact in breast cancer, as in cardiovascular disease. Lifestyle interventions, as recommended for cardiovascular disease prevention with respect to dyslipidemia, may be of value to prevent breast
cancer mortality.

Conclusion: Metabolic syndrome and breast
cancer
Metabolic syndrome is a cluster of metabolic disturbances including insulin resistance, dyslipidemia,
hypertension, abdominal obesity, and high blood sugar. As a single entity, metabolic syndrome has been associated with breast cancer in multiple studies [75-78].
In this paper, we thought it would be sensible to
give a brief overview about the relationship of breast
cancer with each of the components, to underline the
complexity of the relationship between breast cancer
and metabolic syndrome as a single entity, and give way
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to further research which would lead to a more comprehensive understanding.
A more recently published paper has analysed
both metabolic syndrome as a single entity and its components as a risk factor of breast cancer for post-menopausal women. The ORs of postmenopausal breast
cancer were 1.33 (95% CI 1.09-1.62) for diabetes, 1.19
(95% CI 1.07-1.33) for hypertension, 1.08 (95% CI
0.95-1.22) for hyperlipidemia, 1.26 (95% CI 1.11-1.44)
for BMI ≥30 kg/m2, and 1.22 (95% CI 1.09-1.36) for
waist circumference ≥88 cm. The risk of postmenopausal breast cancer was significantly increased in women
with metabolic syndrome as a single entity (OR 1.75,
95% CI 1.37-2.22) and the risk was higher in older age
(OR 3.04, 95% CI 1.75-5.29, at age ≥70 years) [79].
Metabolic syndrome, as discussed above, causes
a myriad of alterations in the body metabolism. Some
changes, which are attributable to the sum of all of the
effects metabolic syndrome exerts on the body, are
searched to better understand the overall mechanism
through which the risk of breast cancer is increased.
Plasminogen activator inhibitor-1 (PAI-1) is one of the
molecules which is hypothesized to be altered by metabolic syndrome. This protein is a physiological inhibitor of urokinase (uPA), a serine protease known to promote cell migration and invasion. However, increased
levels of PAI-1 are paradoxically associated with poor
prognosis in breast cancer. A recently published study
has put forth the hypothesis that, sustained by metabolic syndrome, adipocytokines alter PAI-1 expression to
promote angiogenesis, tumor cell migration and procoagulant microparticle formation from endothelial cells,
which generate thrombin and further propagates PAI-1
synthesis ultimately forming a vicious circle [80].
To summarize, the relationship between breast
cancer and metabolic syndrome with its components,
has been well established in multiple studies a myriad of
aspects. However, grasping the full clinical picture, with
a complete understanding of the molecular mechanisms
that are involved continues to prove a challenge. Given the fact that all of the components of metabolic syndrome are modifiable risk factors, it could be suggested
that the establishment of preventive measures to lessen
the ratio of patients with metabolic syndrome is imperative to improve the outcome of breast cancer patients.
Diet, which is one of the most elementary determinants
of metabolic status, holds importance in this matter. The
general preventive recommendation often includes a reduction of alcohol, red meat and total dietary fat, and increase in vegetable and fruit consumption [81].
We would like to conclude by stating that further
research that links each of the components to one another is warranted in order to form a comprehensive

understanding of the complex interplay of the multiple
aspects of metabolic syndrome in breast cancer.
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