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Abstract

Background: Breast cancer is the leading cause of death by can-
cer in women. Obesity is a recognized risk factor for developing 
cancer, and the obesogenic microenvironment with high levels of 
glucose, lipids, hormonal, growth, and angiogenesis factors repre-
sents an ideal microenvironment for carcinogenic promotion and 
progression.

Method: In this cross-sectional case‒control study, anthropo-
metric measurements and biochemical parameters were 
analyzed. Leptin, IGF1 and VEGFA levels were analyzed by 
immunoassay, and genetic polymorphisms in LEP rs7799039, 
LEPR rs1137101, and VEGF rs699947 were determined by real-
time PCR. Descrip-tive statistics, regression, correlation 
and multivariate discriminant analysis were performed. 

Results: The average age of women was 54.70 and 50.35 years 
in cases and controls, respectively. We found an OR=1.71 
(p=0.015) for women with obesity, OR=2.62 (p=0.001) for those 
with abdominal obesity, and OR=2.63 (p=0.0001) for those with 
diabetes. Significant differences in glucose (p=0.0001), leptin 
(p=0.002), IGF1 (p=0.02) and VEGFA (p=0.013) serum levels 
were found between cases and controls. The VEGF rs699947 
polymorphism had an OR=1.85 (p=0.07) for the AA genotype 
with marginal significance. The correlation of the variables was 
different between the control and breast cancer groups, while the 
discriminant analysis managed to correctly classify more than 50% 
of women in each group; however, 28% of the controls and 46% 
of the cases should receive a more detailed follow-up in the risk 
of cancer and therapeutic treatment, respectively.

Conclusion: The obesogenic environment represents an impor-
tant risk factor for the development of breast cancer in 
Mexican women.

Keywords: Breast cancer; Metabolic syndrome; Biochemical 
biomarkers; Leptin; Growth factors.Introduction

Breast cancer is considered an epidemic of global dimen-
sions, so it has been established as a priority health problem 
in several countries because it is currently the leading cause 
of mortality and disability among women [1]. Although it has 
been suggested that breast cancer mainly affects women with 
high socioeconomic status, there is currently a high incidence 
of breast cancer in women of all socioeconomic levels, which 
is exacerbated by the lack of an early diagnosis; therefore, pa-
tients are usually diagnosed in advanced stages, mainly in low-
income countries [2]. According to data reported for all cancers 
in the Global Cancer Observatory, in 2020, breast cancer had 
the highest incidence in women among all other cancers, with 

2,261,414 cases (11.7%), and the mortality was 15.5% (684, 
996 cases), while in Mexico, it has the highest incidence in 
women among all cancers, with 105,963 cases (14.1%) and 
46,082 deaths (13.2%) [3]. 

There are recognized risk factors for breast cancer, includ-
ing family history, absence of pregnancy, menarche before age 
12, first-term pregnancy after age 30, menopause after age 50, 
hormonal contraceptive use, and alcohol and tobacco use. Re-
cently, obesity has been established as an important risk factor 
for developing breast cancer, mainly in postmenopausal wom-
en [4].
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Obesity is a public health problem worldwide. In 
Mexico, the prevalence of overweight was 39.1%, obesity 
was 36.1%, abdominal adiposity was 81.6%, and women had 
the highest prevalence [5].

Obesity is a chronic disease of complex etiology in which 
genetic and environmental factors play a role. In multifactorial 
obesity, several genes are involved, and environmental 
factors, such as nutritional status, microbiota, physical activity 
or exposure to chemical agents capable of modifying 
signaling pathways, particularly leptin/adiponectin, insulin/
glucose, fatty acid metabolism, and the hypothalamic – 
pituitary – thyroid axis interact with these genes; all these 
alterations promote an increase in body mass and induce 
metabolic and immunological disturbances [6]. It has been 
proposed that cytokines derived from adipocytes, 
inflammatory factors, leptin resistance and insulin, as well 
as the hormonal load associated with obesity, play central 
roles in the initiation, promotion, and progression of cancer 
[7].

Recent studies have shown that adipose tissue exerts 
important endocrine control by secreting several hormones 
that can influence the pathophysiology of cancer, including 
leptin, which is one of the most abundant secreted 
adipocytokines. Leptin is a key mediator in energy balance 
and appetite control, and individuals with normal Body Mass 
Index (BMI) leptin reduce appetite by signaling brain 
receptors; however, in obesity, there is an overproduction of 
leptin, causing resistance in the system [8]. On the other 
hand, leptin may induce the overexpression of proliferation 
and angiogenesis factors, which may be directly related to the 
risk of developing cancer and the poor prognosis observed in 
obese patients with breast cancer [9]. Additionally, adipose 
tissue increases levels of the aromatase enzyme, resulting in 
high estrogen production, so obesity has also been associated 
with the imbalance of hormones such as estrogens, 
progesterone, androgens, and adrenal steroids, which may 
contribute to the progression of hormone-dependent cancer, 
such as some types of breast cancer [10].

Obesity promotes the development of coronary heart 
disease, liver cirrhosis, hypertension, stroke, dyslipidemia, 
metabolic syndrome, arthritis, insulin resistance and cancer 
through the dysfunction of signaling pathways that 
promote growth, differentiation, and angiogenesis. Insulin-
like Growth Factor 1 (IGF1) is a polypeptide that is 
structurally similar to human proinsulin and is mainly 
produced by the liver by Growth Hormone (GH) stimulus. 
IGF1 levels are associated with the growth, regeneration and 
metabolism of lipids and carbohydrates and have also been 
associated with insulin sensitivity; in contrast, low serum IGF1 
levels have been associated with insulin resistance, 
dyslipidemia, obesity, and metabolic syndrome [11]. In vitro 
studies indicate that IGF1 can induce proliferation in breast 
cancer cells via the receptor IGF1R and therefore have been 
implicated in the initiation and progression of this cancer [12].

Vascular Endothelial Growth Factor (VEGF) is a 
homodimeric glycoprotein expressed by different cell types, 
such as fibroblasts, keratinocytes, epithelial and endothelial 
cells, osteoblasts and inflammatory cells; that is closely 
related to the regulation of the growth and function of the 
vascular and lymphatic endothelium in both physiological and 
pathological processes [13]. VEGF plays a fundamental role in 
the regulation of the different stages of angiogenesis, studies 
have found that in carcinogenic progression, cells are capable

of secreting a large amount of VEGFA to vascularize the tumor 
and metastasize [14].

Obesity, diabetes, and hypertension generate a microenvi-
ronment that can promote carcinogenic development, and an 
increase in the number of cases of breast cancer in obese wom-
en has been observed. This condition represents a worse prog-
nosis of treatment with respect to nonobese patients, mainly in 
postmenopausal women who were diagnosed in stages III and 
IV; therefore, obesity has been associated with an increase in 
cancer mortality, a decrease in the quality of life of patients and 
a low response to treatment [15].

An obesogenic environment is the sum of conditions that 
favors the development of overweight and obesity. In recent 
decades, it has been observed that the Mexican population is 
highly sedentary, consumes more ultra-processed products and 
low nutritional quality. As result, Mexico has a high rate of obe-
sity, and there is an increase in the number of cases of breast 
cancer because most Mexican women are diagnosed in ad-
vanced stages. In this regard, some factors are specific to each 
population, such as body composition, diet, distribution of risk 
factors, differential expression of genes that influence the biol-
ogy of the tumor, and other environmental factors that may be 
related to the response to treatment; therefore, it is necessary 
to conduct specific epidemiological studies that analyze risk and 
poor prognosis biomarkers. In this study, some biomarkers were 
determined in healthy women and patients with breast cancer 
in a population of Mexican women to characterize the altera-
tions associated with obesity and cancer risk in both groups.

Materials and Methods

Subjects

A cross-sectional case‒control study was conducted. Wom-
en recently diagnosed with primary breast cancer and women 
without a cancer diagnosis were included. The breast cancer 
diagnosis was performed by oncologists and pathologists in 
Ambulatory Care Medical Unit No. 53 of Mexican Institute 
of Social Security in Gómez Palacio, Durango, México. All 
participants included in this study received general 
information about the study, signed an informed consent 
letter, and answered a questionnaire about their lifestyle, as 
well as epidemiological data. The study adhered to the 
Declaration of Helsinki and was approved by the Bioethics 
Committee of the Faculty of Chemical Sciences, University 
Juarez of the State of Durango (R-2017-123301538X0201-028).

Biological Samples

Body measurements were performed in all participants to 
obtain BMI and Waist/Hip Index (WHI) following the standard 
criteria. Blood samples of 168 women with primary breast can-
cer and 168 samples of women without cancer diagnosis were 
collected under conditions of 8–12 hours of fasting, 6 ml with-
out anticoagulant to obtain serum and 4 ml with EDTA to extract 
the DNA. The serum was obtained within two hours after ob-
taining the sample and immediately processed to glucose, cho-
lesterol, and triglyceride tests, and to immunoassay. Aliquots 
were kept at –70 °C until analysis.

Determination of Glucose, Cholesterol, and Triglyceride 
Levels

The biochemical parameters were determined in an auto-
matic analyzer that includes colorimetric, potentiometric, and 
kinetic tests (System Vitros Chemistry 250 of Ortho-Clinical 
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Diagnostics Johnson & Johnson). All determinations included 
their respective standards and calibrators. The 
concentrations of each parameter were expressed as 
milligrams, nanograms or picograms per deciliter.

Leptin, IGF1 and VEGFA Quantification by ELISA

Leptin, growth and angiogenesis factors in serum were 
determined by enzyme-linked immunosorbent assay (ELISA) 
(Sigma‒Aldrich, Germany) following the manufacturer’s rec-
ommendations of the corresponding kits: RAB0333 for leptin, 
RAB0228 for IGF1 and RAB00507 for VEGFA. The plate was 
read on a Multiskan FC microplate reader (Thermo Fisher 
Scientific, Waltham, Massachusetts, U.S.) properly calibrated 
with a stan-dard curve for each case.

Genotyping of Polymorphisms in LEP rs7799039, LEPR 
rs1137101 and VEGF rs699947

Genomic DNA was purified from blood samples by the stan-
dard salting out method, and DNA concentration and purity 
were established using a NanoDrop 2000 (Thermo Fisher Scien-
tific Inc., Germering, Germany). The single nucleotide polymor-
phisms were genotyped by real time PCR in a Step One Real-Time 
PCR (Applied Biosystems, Foster City, CA, USA) and hybridiza-
tion probes (Integrated DNA Technologies rhAmp®), Hs.GT. 
rs7799039.A.1, HsGT.rs.1137101.G.1, and Hs.GT.rs699947.C.1 
in accordance with the manufacturer’s instructions.

Statistical Analysis

Descriptive statistics such as chi squared, Student’s T 
test, logistic regression, correlation analysis between the 
different parameters and a discriminant analysis of 
grouping with variables of interest were performed. 
Statistical significance was considered if p<0.05. All 
statistical were performed with R software version 4.1.0.

Results

General Characteristics of the Study Population

The study population consisted of 336 women (168 cases 
and 168 controls), with a mean age of 54.70 years for the case 
group and 50.35 years for the control group (p=0.003). In the 
anthropometric evaluation, a higher frequency of obesity was 
found in the cases (48%), compared to the control group (36%) 
(p=0.01); a high frequency of diabetes was found in the cases 
(32%) compared to the controls (15%) (p=0.0003), while hyper-
tension frequencies were 38% in the cases and 28% in the con-
trols (p=0.06) with marginal significance (Table 1).

In the pathological characteristics of the cases of breast can-
cer, the most frequent were invasive ductal carcinoma, stage 
IIIB and molecular type luminal A. These data are shown in Table 
1. The logistic regression analysis showed that the variables of
obesity (OR=1.71, CI=1.10–2.65), abdominal obesity (OR=2.62,
CI=1.47–4.68), and diabetes (OR=2.63, CI=1.54–4.50) increased
the probability of suffering from breast cancer, while the signifi-
cance of hypertension was marginal (OR=1.54, CI=0.97–2.49)
(Table 2).

Biochemical and Hormonal Parameters and Growth Factors

In the biochemical parameters, a median glucose of 99.5 
mg/dL was found for the cases and 85 mg/dL in the controls 
(p=0.0001), while cholesterol and triglycerides showed no sig-
nificant difference. Regarding leptin levels, 7.4 ng/dL was 
found in the cases and 8.94 ng/dL in the controls (p=0.002), 
IGF1 levels were 2.55 ng/dL in the cases and 0.33 ng/dL in the

Table 1: General characteristics of the women included in the study.

Parameter
Breast cancer cases

n=168
Mean (SD)

Controls
n=168

Mean (SD)
P – value

Age 54.70 (12.03) 50.35 (11.45) 0.003 a

Body Mass Index 30.51 (6.11) 28.67 (4.7) 0.006 a

Waist/hip ratio 0.92 (0.13) 0.88 (0.79) 0.001 a

Categorical variables n (%) n (%)

Obesity 82 (48) 60 (36) 0.01 b

Abdominal obesity 148 (88) 124 (74) 0.001 b

Menopause 115 (68) 109 (65) 0.48

Diabetes 53 (32) 25 (15) 0.0003 b

Hypertension 63 (38) 47 (28) 0.06 b

Family history of cancer 96 (57) 83 (49) 0.15 b

Breast cancer character-
istics

n (%)

Histological type

Invasive Ductal Carcinoma 118 (83.1)

Invasive Lobular Carci-
noma

24 (16.9)

Stage

II 4 (1.9)

IIIA 40 (28.1)

IIIB 84 (59.5)

IV 14 (10.5)

Molecular type

Luminal A 65 (65.6)

Luminal B 6 (6.0)

Her2 15 (15.1)

Triple negative 13 (13.3)
aStudent's T test.
bFisher's exact test.  P – value was considered statistically significant if p<0.05.

Table 2: Comorbidities and risk factors present in the study groups.
Parameter OR (CI 95%) P – value

Obesity 1.71 (1.10 – 2.65) 0.015*

Abdominal obesity 2.62 (1.47 – 4.68) 0.001*

Diabetes 2.63 (1.54 – 4.50) 0.0001*

Hypertension 1.54 (0.97 – 2.49) 0.06

Age 1.03 (1.01 – 1.05) 0.001*

Menopause 1.17 (0.75 – 1.84) 0.48
*Statistically significant difference p<0.05.

controls (p=0.02), while VEGFA levels were 47.8 pg/dL in cases 
and 24.1 pg/dL in controls (p=0.013). The fasting triglyceride/
glucose index (TyG) was determined and a median of 9.01 was 
found for the cases and 8.79 for the controls (p=0.001) (Table 3).

Table 3: Biomarker levels of the women included in the study.

Serum level
Breast cancer cases
Median (Min – Max)

Controls
Median (Min – Max)

P – value

Glucose mg/
dL

99.5 (59 – 423) 85 (60 – 495) 0.0001*

Cholesterol 
mg/dL

182 (70 – 326) 185 (93 – 301) 0.43

Triglycerides 
mg/dL

160 (40 – 1033) 149 (39 – 965) 0.64

Leptin ng/dL 7.4 (0.06 – 15.6) 8.94 (0.14 – 38.6) 0.002*
IGF1 ng/dL 2.55 (0.03 – 290) 0.33 (0.11 – 32.51) 0.02*

VEGFA pg/dL 47.8 (1.02 – 704.18) 24.1 (8.2 – 352.2) 0.013*
TyG index 9.01 (7.47 – 11.03) 8.79 (6.02 – 12.38) 0.001*

*U Mann – Whitney test was considered statistically significant if p<0.05. 
TyG index: triglycerides/glucose index = ln[triglyceride (mg/dl) * glucose (mg/
dl)/2].
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LEP rs7799039, LEPR rs1137101 and VEGF rs699947 Gene
Polymorphisms

To determine the influence of the genetic polymorphisms 
on the serum levels of leptin and VEGFA, the functional poly-
morphisms LEP rs7799039, LEPR rs1137101 and VEGF rs699947 
were analyzed. All polymorphisms were in Hardy-Weinberg 
equilibrium, and the genotypic and allelic frequencies of the 
polymorphisms are shown in Table 4. 

To analyze the association of the polymorphisms as risk fac-
tors for breast cancer, codominant and additive logistic regres-
sion models were performed; however, no significant associa-
tions were found.

Protein Levels in Serum and Genetic Polymorphisms

When comparing leptin levels for the different genotypes of 
LEP rs7799039 and LEPR rs1137101 (Figure 1A and 1B), no sta-
tistically significant difference was found in neither the cases 
nor the controls. In the comparison of the protein levels accord-
ing to VEGF rs699947 by genotype, no statistically significant 
difference was found; however, in the cases group, the signifi-
cance was marginal (Figure 1C).

Table 4: Frequency of polymorphisms and their association with the 
risk for breast cancer.

Polymorphism
Cases
n (%)

Controls
n (%)

OR (CI 95%) P-value

LEP rs7799039

GG 63 (37) 55 (33) 1

GA 76 (45) 84 (50) 0.78 (0.49 – 1.27) 0.33

AA 29 (18) 29 (17) 0.87 (0.46 – 1.63) 0.67

A allele frequency 0.40 0.42 0.90 (0.66 – 1.23) 0.53

X2 0.60

LEPR rs1137101

AA 42 (25) 41 (24) 1

AG 94 (56) 91 (54) 1.00 (0.60 – 1.69) 0.97

GG 32 (19) 36 (22) 0.86 (0.45 – 1.64) 0.66

G allele frequency 0.47 0.49 0.93 (0.67 – 1.28) 0.68

X2 0.89

VEGF rs699947

AA 19 (11) 29 (17) 1

AC 82 (49) 82 (49) 1.52 (0.79 – 2.93) 0.20

CC 67 (40) 56 (34) 1.85 (0.94 – 3.66) 0.07

C allele frequency 0.64 0.58 1.32 (0.96 – 1.82) 0.08

X2 0.20
The X2 test corresponds to the distribution of genotypes between cases 
and controls.

*Statistically significant difference p<0.05.

Figure 1: Leptin and VEGF levels in cases of breast cancer (BC) and 
the control group (CG). A) Leptin levels according to LEP 
rs7799039 genotypes p=0.6, B) Leptin levels according to LEPR 
rs1137101 genotypes p=0.7, C) VEGFA levels according to 
VEGF rs699947 genotypes p=0.07 to BC. A Kruskal‒Wallis 
test was performed between the genotypes of each group.

Figure 2: Normal and obese microenvironment in women with 
breast cancer and controls without a diagnosis of breast cancer. A) 
A functional microenvironment in adipose tissue is presented, and 
a normal phenotype of mammary gland epithelial cells is shown. B) 
Dysfunctional adipose tissue, characterized by an inflammatory mi-
croenvironment, and a normal phenotype of breast epithelial cells. 
In this condition, the risk of developing breast cancer is increased 
due to proinflammatory factors and growth factors secreted by 
adipose tissue. C) A malignant tumor phenotype is presented; 
however, there is a functional microenvironment of adipose tis-
sue, so the treatment will have the appropriate effect as it does 
not present other poor prognostic factors. D) A malignant tumor 
phenotype and an obesogenic microenvironment with hyperglyce-
mia, dyslipidemia, growth factors, and angiogenesis that represent 
a favorable niche for growth, proliferation, and invasion of other 
tissues; therefore, it can also be associated with a poor prognosis 
of the disease.

Table 5: Correlations in the variables of interest in controls and breast 
cancer patients.

Variables
Breast cancer 

cases
Controls

Rho P-value Rho P-value

Age – WHR 0.28 0.0003* 0.27 0.0004*

Age – cholesterol 0.06 0.39 0.17 0.02*

Age – glucose 0.17 0.02* 0.26 0.0004*

BMI – leptin 0.48 0.0001* 0.32 0.0001*

BMI – triglycerides 0.22 0.003* 0.19 0.01*

WHR – glucose 0.21 0.004* 0.17 0.02*

WHR – cholesterol 0.07 0.32 0.11 0.13

WHR – triglycerides 0.13 0.07 0.17 0.02*

Cholesterol – triglycerides 0.42 0.0001* 0.30 0.0001*

Triglycerides – leptin 0.16 0.04* 0.08 0.26

Triglycerides – VEGFA 0.19 0.02* -0.07 0.53

Leptin – IGF1 -0.05 0.55 0.34 0.0002*

IGF1 – VEGFA -0.23 0.005* -0.09 0.42
*Spearman correlations with statistical significance p<0.05. 
The correlations that are significant in both groups are highlighted in bold. 
BMI: Body Mass Index; WHR: Waist-Hip Ratio; IGF1: Insulin-like Growth Factor 
1; VEGFA: Vascular Endothelial Growth Factor Isoform A.

Correlation Analysis

The correlation between all the numerical variables for each 
group was analyzed (Table 5). In the control group, a significant 
positive correlation (p<0.05) was found between age and WHR, 
age and cholesterol level, age and glucose level, BMI and leptin 
level, BMI and triglyceride level, WHR and glucose level, WHR 
and triglyceride level, cholesterol level and triglyceride level, 
and leptin level and IGF1 level. After Bonferroni correction, all 
correlations remained. In the group of cases, a significant posi-
tive correlation was found (p<0.05) between age and WHR, age 
and glucose level, BMI and leptin level, BMI and triglyceride lev-
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el, WHR and glucose level, cholesterol level and triglyceride lev-
el, triglyceride level and leptin level, and triglyceride level and 
VEGFA level, and a significant negative correlation was found 
between IGF1 and VEGFA level. All correlations remained after 
the Bonferroni correction.

Discriminant Analysis

Discriminant analysis is a multivariate method used for find-
ing the relationship between variables and classifying individu-
als into groups, which can represent a prediction resource for 
methodical monitoring of individuals. It was found that the 
model correctly classified 73% of the controls and 54% of the 
cases, while it classified 27% of the controls as cases and 46% of 
the cases as controls.

Discussion

The ages of both groups included in this study were in a 
similar age range that was between 22 and 94 years, and the 
age was between 51 and 55 years. These data are consistent 
with the findings that breast cancer can occur in women of all 
ages, so this variable is no longer considered one of the main 
risk factors. Regarding obesity, a very high percentage of 
women with obesity and abdominal obesity was found in both 
groups; however, in the cases with breast cancer, these values 
were significantly higher than in the control group. In a study 
reported by Namazi et al., an association between abdominal 
obesity and breast cancer (RR=2.29, CI 95% 1.12–4.68) was 
found [16], in our study, these values were slightly higher, with 
OR=2.62 for abdominal obesity and OR=1.71 for obesity 
categorized by BMI. These data are important due to their 
biological relevance, since the abdominal circumference is 
an estimate of visceral adipose tissue, which is closely related 
to metabolic syndrome and cancer. In this context, Chen et 
al., [17] and Iyengar et al., [18], in independent studies, 
reported an increased risk of developing breast cancer by 
presenting a higher percentage of visceral fatty tissue. 
Obesity and metabolic syndrome frequently lead to other 
metabolic diseases, such as diabetes and hypertension, which 
are diseases related to increased blood glucose levels, insulin 
resistance, and dyslipidemia; in this study, we found that 
diabetes and hypertension increase the risk of developing 
breast cancer, as reported by other authors [19,20]. 
Metabolic syndrome is characterized by the coexistence of risk 
factors such as abdominal obesity, atherogenic dyslipidemia, 
elevated blood pressure, a prothrombotic and 
proinflammatory state, insulin resistance, and higher glucose 
levels. These factors are associated with type 2 diabetes. The 
presence of abdominal obesity and systemic metabolic ab-
normalities is an important factor for the initiation, promotion, 
and progression of cancer because it provides an inflammatory 
microenvironment rich in lipids, carbohydrates, growth fac-
tors, and angiogenic factors that tumor cells require to sustain 
their growth [21]. Regarding the biochemical parameters in 
this work, higher glucose levels were found in the group of 
women with breast cancer. Similar data were reported by 
Kebede et al., [22] and Gioseffi et al., [23], who reported 
hyperglycemia in patients with breast cancer, while in women 
in the control group, the serum glucose levels were lower. In 
our study, the levels of cholesterol and triglycerides did not 
show significant differences; however, another study reported 
that hypercholesterolemia causes cellular stress due to the 
accumulation of lipids, inducing the expression of factors that 
increase tumor development and metastasis [24]. Other 
authors suggest that increased serum triglycerides may 
compromise muscle glucose metabolism.

 The fasting TyG index has been analyzed, and the results 
indicate that it is a good surrogate marker of insulin resistance, 
with the advantage that this TyG index is economically feasible, 
so it can be analyzed in epidemiological studies [25]. In this 
study, TyG was higher in the cases than in the controls, as 
has also been reported in other studies [26].

Leptin is a hormone related to obesity because it is secreted 
by adipose tissue and has also been associated with breast can-
cer risk due to its ability to stimulate signaling pathways that 
induce proliferation, survival, and metastasis. Studies have re-
ported higher leptin levels in healthy subjects with high BMI 
[27] and in patients with breast cancer [28]; however, in other
comparative studies, higher leptin levels are observed in con-
trols than in cases, although in both groups, the BMI – leptin
correlation is preserved [29]. In this study, we also found higher
leptin levels in the controls than in the cases. In this regard,
leptin levels reported in various studies show great variability,
and the differences found for this parameter should be inter-
preted based on the population analyzed and other factors,
such as the circadian cycle and levels of hormones such as thy-
roid and sex hormones, since it has been observed that all these
factors influence leptin levels, making it difficult to compare the
results obtained for each population [30]. In addition to these
limitations, it has been suggested that serum leptin levels can
be modified in women with breast cancer because the hormone
binds to its receptor in the target tissue, so it does not circulate
in the serum. A study carried out in breast tissue showed higher
expression of leptin and its receptor in tumor tissue, so this ex-
planation is plausible [31].

The presence of other factors, such as IGF1 and VEGFA, in-
creases the risk of developing breast cancer by stimulating the 
growth and angiogenesis pathways that a tumor requires to 
grow and migrate. In this study, we found higher levels of IGF1 
and VEGFA in breast cancer cases, and similar data were report-
ed by other studies [32,33]. These results are important because 
IGF1 promotes growth, which is overexpressed in cancer cells to 
maintain proliferation, while VEGFA promotes vascularization of 
tumoral tissue, providing nutrients and oxygen to sustain the 
high metabolic demand; this high energy demand is sustained 
by the hyperglycemia and dyslipidemia observed in patients, so 
the obesogenic microenvironment is a potent initiating and car-
cinogenic promoter agent, and it is also capable of directing the 
progression of cancer by promoting metastasis. Regarding the 
LEP rs7799039, LEPR rs1137101 and VEGF rs699947 polymor-
phisms, we did not find any significant association with breast 
cancer, as has been reported in other studies [34-36]. Likewise, 
we did not find a relation between polymorphism and protein 
levels in either the case or control group; it was observed that 
for VEGFA, in the group with breast cancer, there was a marginal 
decrease in individuals carrying the CC genotype, and a study 
reported that there were higher levels of VEGF in subjects car-
rying the AA genotype [37].

Bivariate correlations were performed between the differ-
ent variables of interest to determine if there were differences 
between the correlations of the case and control groups. The 
results were interesting since in both groups, a correlation was 
observed between age and WHR, age and glucose level, BMI and 
leptin level, BMI and triglyceride level, WHR and glucose level, 
and cholesterol level and triglyceride level. However, for some 
variables, the r2 value was higher in the cases than in controls, 
while the correlations between triglyceride level and leptin lev-
el, and triglyceride level and VEGFA level, and the negative cor-
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relation between IGF1 level and VEGFA level were found only 
in breast cancer cases. It was important that the correlations 
remained significant after Bonferroni correction, indicating that 
the relation between these pair of variables is very important in 
the group with breast cancer. The correlation between BMI and 
leptin level has been widely documented in different popula-
tions, so BMI is a good indicator of circulating leptin levels in 
serum. Likewise, triglyceride levels correlate with BMI, leptin 
levels and VEGFA levels in cases, so the analysis of low–cost 
markers such as BMI and blood chemistry parameters (glucose, 
cholesterol and triglycerides) are routine markers that should 
be included in cancer treatment. To reduce hyperglycemia and 
dyslipidemia, which are essential for cancer progression, these 
markers, such as leptin, IGF and VEGF, are an indirect indicator 
of other pathways that could be functioning, which when over-
expressed, decrease the response to chemotherapy treatment 
[38].

The interaction between multifactorial pathologies such as 
cancer and obesity represent a challenge for its analysis and 
interpretation; therefore, multivariate statistical methods have 
been implemented to understand these relations. In this study, 
we incorporated a discriminant analysis with the numerical cat-
egorization of obesity, diabetes, hypertension, glucose levels, 
cholesterol levels, triglyceride levels, leptin levels, IGF1 levels 
and VEGFA levels. The resulting model adequately classified 
73% of the controls and 54% of the cases; however, 27% of 
the controls and 46% of the cases were classified in a different 
group. These results are interesting because there are women 
who do not yet have cancer but that the model classifies as po-
tential cases, so the patients in this group should have a de-
tailed follow–up, improve their lifestyle, and reduce the factors 
that feed the obesogenic microenvironment, which ultimately 
affects the initiation, promotion and progression of cancer 
[39]. Regarding the population of cases, it is likely that the 46% 
that were classified as controls may have a better prognosis for 
treatment. It is important to highlight that most of the cases 
were luminal A molecular type, which has expressed ER mark-
ers, so the therapy of choice for these cases is chemotherapy 
and hormone therapy, and good results have been observed 
with longer survival periods [40]. Therefore, information on the 
molecular type of breast cancer and the concomitant treatment 
of metabolic alterations related to obesity, diabetes and hyper-
tension could have a positive impact on the prognosis of cancer.

The analysis of the microenvironment associated with obe-
sity and its role in the development of breast cancer generates 
a complex model for its study due to the multiple factors in-
volved; however, analyzing the characteristics associated with 
obesity and cancer allows decisions to be made in clinical prac-
tice and improves the prognosis of patients, as well as reducing 
risk factors in the population that already present some altera-
tions that may favor carcinogenic development. Moreover, the 
different forms of interaction between the obesogenic micro-
environment and its participation in the development of breast 
cancer are represented in Figure 2.

Conclusions

The results obtained in this study indicate that the presence 
of obesity, abdominal obesity, diabetes and hypertension in-
crease the risk of developing breast cancer in Mexican women 
and that low–cost biomarkers such as BMI and blood chemistry 
are useful and easy access tools for monitoring and screening 
patients. To improve this work, the analysis should incorporate 
the measurement of HDL and LDL cholesterol, the measure-

ment of insulin, increase the sample size and monitor the sub-
jects with risk characteristics.
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