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Breast cancer is the leading cause of death among women and the second largest
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cause of mortality in the entire population worldwide. This review investigated

how breast cancer is patho-physiologically associated with obesity which is
defined by body mass index ≥30 kg/
and metabolic syndrome which leads to
type 2 diabetes in pre and postmenopausal women. It also addressed the
controversy relating the definition of BMI. The biological markers in breast
cancer currently in use are ER, PR, HER2, uPA, and PAI-1. This study looked
into future of predictive and prognostic biomarkers, such as exosome by altering
interaction of distant cancer cells in the tumor microenvironment and the breast
cancer progress.
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1. Introduction
The rate of obesity is a major public health issue worldwide. Obesity is usually defined as those with a body
mass index (BMI) ≥30 kg/
as a phenotype marker by the World Health Organization (WHO) and The
Centers for Disease Control and Prevention (CDC) and said to have direct link with type 2 diabetes (T2D),
metabolic syndrome (MetS) [1-2] and cancer, including colon, rectal, kidney, endometrial and
adenocarcinoma [3]–[5]. It is specifically associated with a higher risk of developing breast cancer among
women [6], particularly post-menstrual women by creating an obese tumor microenvironment with signaling
pathways [7] and the consequences are said to have negatively effect on the prognosis [8]. Epidemiological
data have shown that the prevalence of breast cancer increases its occurrence by 30-50% [8] in post-menstrual
women, whereas meta-analyses have reported an ∼30% increased danger of reappearance or mortality in
obese versus regular weight women diagnosed with breast cancer [3]. The prevalence, however is highly
specific for “gender, site, geographical population, histological subtype and molecular phenotype” [9] and
studies have shown that being underweight (BMI <18.5 kg/ ) is associated with increased risk of breast
cancer mortality in non-Latina whites whereas morbid obesity (BMI ≥40 kg/ ) is only suggestive of
increased risk. In addition, no BMI–mortality connections are to be seen in African Americans and Asian
Americans [10].
1.1 Definition of Obesity
According to WHO and CDC, one in five adults will be obese worldwide by the year 2025 [11]. Obesity was
thought to be a disease of wealthy people in the past [12]. In the recent years, it has been proven to be a
consequence of poverty and malnutrition [4]. It is defined as BMI ≥30 kg/
or waist/hip ratio (WHR) of
≥0.85 and a waist circumference of ≥88 [13].
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By defining obesity according to BMI has shown that postmenopausal women at pre-diagnosis and at the most
recent measurement were 1.50 and 1.56 times more likely to develop breast cancer respectively, in the
multivariate analysis [6].
Although BMI is the most used measure in this context, there are questions whether it can be used
appropriately as a phenotypic marker of adiposity or not across populations of different race and ethnicity [4].
The major shortcomings of using BMI include measuring of excess weight, not excess fat [14] and therefore it
is highly susceptible to label someone from African-American ethnicity as obese who simply has higher
muscle mass when comparing to someone from Asian or Hispanic background. Secondly, when considering
the risk of T2D and breast cancer, the BMI data are also inconsistent in different races and ethnicity [10].
Thirdly, factors such as age and smoking status that could modify BMI–cancer associations [15] and finally,
BMI is said to be inadequate in measuring stature dependency of adiposity [16] meaning short and tall people
with same BMIs will not have similar distribution of adipose tissue throughout their bodies, since major
anatomical compartments of importance (brain, liver, bones etc.) also contribute to how weight scales to
height.
Despite the controversy regarding the definition of BMI dependent obesity, it is said to be one of the integral
factors related to the risk of breast cancer [15].
1.2 Definition of Metabolic Syndrome
MetS is defined by WHO as co-occurrence of several known cardiovascular risk factors and pathologic
condition characterized by abdominal and visceral adiposity, insulin resistance, hypertension, low-serum,
high-density lipoprotein cholesterol, hypertriglyceridemia, hypertension and hyperlipidemia [17], [18].
According to WHO 1999 definition, presence of insulin resistance or glucose > 6.1 mmol/L (110 mg/dl), 2 h
glucose > 7.8 mmol (140 mg/dl) (required) along with any two or more of the following can be characterized
as MetS: HDL cholesterol < 0.9 mmol/L (35 mg/dl) in men, < 1.0 mmol/L (40 mg/dl) in women, and/or
Triglycerides > 1.7 mmol/L (150 mg/dl), and/or Waist/hip ratio > 0.9 (men) or > 0.85 (women) and/or BMI
> 30 kg/
and/or Blood pressure > 140/90 mmHg [19].
MetS is associated with 17% increase in the risk of developing breast cancer, three-fold recurrence and twofold increase in breast cancer–specific mortality [18], [20], [21].
1.3 Risk Factors of Breast Cancer
Apart from the BMI, the general hormonal and nonhormonal risk factors include age, blood type,
menstruation history, infertility, age of first fulltime pregnancy, duration of lactation, smoking, age of
menopause, oral contraceptive use, an inherited mutation in the BRCA-1 or BRCA-2 genes and usage of
hormones (estrogen and or progestin) in postmenopausal stage [22], [23].
1.3.1

Bio-Markers, Genetic and Epigenetic Factors associating Breast Cancer

The genetic markers for the breast cancer are breast cancer susceptibility genes BRCA-1 and BRCA-2, which
are said to be playing a small role (5–10%) in transferring the disease from either one of the parents [24] when
comparing with other epigenetic factors. However, mutation in genetic level of these two genes increase 4080% chance of developing the cancer [22].
There are 13 types of tumor markers of breast cancer are measured, and 6 out of 13 are novel for the guideline
[24]. The exosomes [25], serum markers (Ca 15-3, Ca 27.29, CA 549, BR 27.29, MCA, carcinoembryonic
antigen (CEA), oncoproteins (e.g. HER2/c-erbB-2), and cytokeratins (e.g. tissue polypeptide antigen and
tissue polypeptide-speciﬁc antigen)), tissue markers (hormone receptors, human epidermal growth factor-2
(HeR-2 antigen), urokinase plasminogen activator (uPA), plasminogen activator inhibitor (PAI-1), tumor
suppressor gene (p53) and cathepsin D) [22], positive estrogen receptor (ER) subtype, the expression of
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progesterone, and triple-negative (TN) receptors in postmenopausal women and pre-diagnostic obesity
according to BMI are the major bio-markers for breast cancer [6].
Studies have shown that higher BMI helps tumor cell growth and cell survival through upregulation of leptin
and insulin-like growth factors [26]. When the body reduces and stops producing estrogen in pre and
postmenopausal women, the adipose tissue stored in obese women start synthesizing estrogen and oestrone to
bring back the homeostasis. This overproduction of hormones eventually result in increasing the risk factor in
breast cancer [27].
Table 1. Association of BMI and WC with Clinico-phatological variable among postmenopausal breast
cancer. Brazil, 2017, source: [6]

1.4 Types of Breast Cancer
Breast cancers can be divided into invasive and non-invasive types according to the site. On the other
hand, molecular classification of the breast cancer provides four distinctive subtypes: Luminal A, Luminal
B, HER 2+ and basal like [28].
1.4.1

Non-invasive Breast Cancer

1.4.1.1 Lobular Carcinoma In Situ (LCIS): is a non-obligate precursor of breast carcinoma, meaning
non-invasive form of breast cancer [29] which extends exterior to the lobules into the breast
tissue [30], shows loss of E-cadherin and diffuse cytoplasmic staining for p120 catenin [29],
[31].
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1.4.1.2 Ductal Carcinoma In Situ (DCIS): is the most general kind a non-invasive form of breast
cancer, and contributes towards 20-25% of all breast cancers if not treated at this stage [32], and
tends to show micro-calcifications more commonly than other forms [33].
1.4.2

Invasive Breast Cancer

1.4.2.1 Invasive Lobular Carcinoma (ILC): is correlated with older age, greater counts of positive
lymph nodes and ER or PR positive nodes [34].
1.4.2.2 Invasive Ductal Carcinoma (IDC): originates in the milk ducts [24], the proportion of bone
metastasis is lower and its cohort has advantages over the ILC group when considering diseasespecific survival [34]
1.4.2.3 Medullary Breast Carcinoma: creates a discrete margin normal tissue and medullary tissue
[24] with no special type with medullary features, it is a rare and distinct subgroup of breast
carcinomas which accounts for <5% of all breast cancers [35].
1.4.2.4 Mucinous Breast Carcinoma: another rare subtype which accounts for about 2% of all breast
carcinomas [36] which contains an invasive ductal epithelial component with (pure) or without
(mixed) mucin [24].
1.4.2.5 Tubular Breast Carcinoma: usually has a higher chance of survival [24] and lymph node
status is not associated with significant breast cancer-specific survival [37].
1.4.2.6 Inflammatory Breast Cancer (IBC): even though very uncommon, it is one of the most
aggressive forms of breast cancer due to rapid spread [38] where cancer cells block the lymph
vessels or channels in the skin.

2

1.4.3

Paget’s disease of the Breast: rare and usually prevalent in postmenopausal women with
resemblance with the skin disorders such as eczema and psoriasis [39].

1.4.4

Phyllodes Tumor of the Breast: a type of rare fibroepithelial neoplasm, which accounts for 0.31% of all breast cancers [40] and can be either benign or malignant, develops in the connective
tissues [24].

1.4.5

Triple-negative breast cancer (TNBC): is a highly destructive subtype of breast cancer which is
prevalent in younger premenopausal women [41] due to deficiency of oestrogen and
progesterone, absence or overexpression of HER-2, and accounts for 10–15% of cases in white
females [24].

Obesity, MetS and Breast Cancer
According to American Cancer Society 2017 survey, breast cancer is the principal form of cancer in
women worldwide [42]. Obesity defined by BMI of ≥30 kg/
is an independent risk factor for MetS and
T2D which have direct link with the breast cancer. Studies have shown that increasing body size helps
increasing the premenopausal TNBC by 67% and Luminal B by 73% [3], [23], [43]. Several metaanalysis showed that T2D and obesity are also associated with increasing risk of developing
postmenopausal breast cancer [44], [45].
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Figure 1: Potential mechanisms linking obesity/diabetes and cancer[3]
Studies have shown that cancer cells depend upon aerobic glycolysis rather than mitochondrial oxidative
phosphorylation [3] to produce Adenosine Tri Phosphate (ATP) when comparing with the regular tissue,
which leads to increase of glucose uptake by the cancer cells. However, hyperglycemia alone may not be
responsible for increasing the cancer growth without hyperinsulinemia [46], [47]. In addition, dyslipidemia
which is also linked with obesity and T2D plays a major role in increasing cholesterol, triglycerides and
decreasing HDL cholesterol which eventually increase the risk of breast cancer [48]. Adipose tissue is a
biologically active part of the endocrine system which synthesizes adipokines, inflammatory cytokines, and
small amounts of estrogen which increases the risk of breast cancer by overproducing estrogen in
postmenopausal women [49]. Cross-sectional studies shown that reproductive and hormonal characteristics
are linked to luminal subtype, whereas obesity increase the risk of TNBC in postmenopausal women by
overexpressing HER-2 [23]. Obesity reprograms adipose tissue in a manner that leads to insulin resistance
with or without diabetes that alters the phosphoinositide 3-kinase (PI3K) and Janus kinase-signal transducer
and activator of transcription (JAK-STAT) pathways which eventually create a microenvironment for tumor
growth.

Figure 2: “Cancer cell cycle regulation mechanism. Cyclin EAD and B are mytogens and stimulate the cell to
proliferate and when complexes with cyclin-dependent kinase (CDKs).
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Activation or arrest of cell cycle depends on CDK complex. G1 phase can respond to extra cellular signals
like hormones and metal ions. p53 play a main role in DNA damage repair. P27 arrest the cell cycle at G1 and
cell will enter into resting phase, that is, G0 phase”, source: Journal of Cancer Research and Therapeutics,
[22].
Gut microbiome are known to be associated with overall metabolism and obesity. A member of the
angiopoietin-like family of proteins called fasting-induced adipose factor (FIAF) is expressed in the intestine,
liver and adipose tissue, which is an inhibitor of the circulating lipoprotein lipase that gets knocked out in an
obese microenvironment so that adipose storage is activated for the gut microbiome[50].
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Conclusion

As obesity, metabolic syndrome and diabetes are increasing worldwide everyday with the rate of mortality by
breast cancer- accounting 23% of all cancer deaths, it is crucial to understand the mechanism of the
connection among them. Obesity can be defined by measuring BMI. However, since BMI cannot be
appropriate when considering the ethnicity and race, other factors including fat mass index (FMI), waist/hip
ratio and waist circumference need to be taken into consideration.
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