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Introduction: In recent years, epidemiological studies have strongly related obesity with an 

increased risk of developing postmenopausal breast cancer. The aromatization of fatty tissue 

increases the levels of estradiol and adiponectin, which is correlated with the body mass index 

(BMI). It is of interest to investigate the effect of reducing BMI on estradiol, adiponectin, 

and IGF-1, as reducing BMI could be a new strategy to limit the risk of recurrence during the 

adjuvant treatment of breast cancer.

Objective: The aim of this study is to investigate the effect of reduced dietary fat on the lev-

els of serum estradiol, adiponectin, and IGF-1 among postmenopausal Mexican women with 

breast cancer.

Methods: In this controlled clinical trial, 100 female patients were randomly divided into 

two groups and followed for six months. Group 1 (n = 50) was subjected to reduced dietary 

fat, whereas Group 2 (n = 50) was subjected to a control diet. The levels of serum estradiol 

and testosterone were determined using an enzyme-linked immunosorbent assay, whereas the 

concentrations of adiponectin and IGF-1 were determined using a radioimmunoassay.

Results: The patients subjected to reduced dietary fat showed a significant difference in 

BMI (27.93 ± 4.45 vs 26.05 ± 2.65; p = 0.01) and waist circumference (99.92 vs 91.59 cm; 

p = 0.0001) after the treatment. Moreover, a significant decrease in serum estradiol was observed 

(21.23 ± 14.32 vs 16.05 ± 10.25 ng/mL; p < 0.001). The adiponectin concentration also decreased 

significantly (47.53 ± 12.19 vs 42.52 ± 12.34 µg/mL; p = 0.004), while IGF-1 and testosterone 

did not show significant changes (p > 0.05). In addition, BMI had a relationship with serum 

adiponectin (r = −0.27; p = 0.02) and estradiol (r = 0.37; p = 0.001).

Conclusion: The current study shows that reducing BMI decreases serum estradiol and adi-

ponectin. Large clinical trials are needed to investigate the role of adiponectin in breast cancer 

development in obese women.
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Introduction
Breast cancer is the second highest cause of cancer-related death, and breast cancer 

mortality has increased in the recent years. Current research indicates that body com-

position increases the risk of recurrence and decreases survival. Nutritional status 

diagnosis plays an important role during breast cancer treatment, and diet is considered 

important as the prognosis and progression of breast cancer are strongly influenced by 

the dietary intake and nutritional status.1

An increase in body mass index (BMI) is associated with a higher-grade breast 

cancer and luminal B breast cancer, mainly in postmenopausal women.2 Obesity is 
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associated with an increased mortality among women with 

hormonal receptor (HR)-positive breast cancer, which may 

be a result of increased steroid hormone levels.3 Moreover, 

obesity contributes to a higher aromatization of body fat, 

which increases the levels of circulating hormones.

Besides being a target for circulating estrogens, the adi-

pose tissue itself is a source of estrogen production through 

the aromatization of androgens. Furthermore, there is a direct 

relationship between body weight and aromatase activity.4

Sexual hormone synthesis and bioavailability are influ-

enced by obesity. Estrogens are produced by aromatase in 

fatty tissue, from androgenic precursors produced in the 

adrenal and gonadal glands. An increased production of free 

fatty acids, adipokines, tumor necrosis factor alpha (TNF-α), 

and resistin is observed in patients with a higher central fatty 

tissue, while adiponectin levels are low. Resistance to insulin 

leads to hyperinsulinemia because adiponectin sensitizes the 

tissues to the action of insulin, while TNF-α and resistin are 

counterregulatory. The production of IGF-1-binding protein 

in the liver is decreased by hyperinsulinemia, resulting in 

higher levels of free IGF-1, and insulin stimulates cell pro-

liferation and halts apoptosis.5–7

Thus, combining nutritional therapy and hormone therapy 

for breast cancer may help to reduce the levels of circulating 

estradiol to avoid its proliferative effect on cells and reduce 

the risk of metastasis. Adjuvant therapy using aromatase 

inhibitors will be less effective in the presence of obesity, 

which implies the necessity of multidisciplinary treatment, 

including nutritional evaluation, changes in diet, and a nutri-

tional regime to reduce body fat.

BMI is an independent risk factor in patients with breast 

cancer, associated more with the triple-negative subtype of 

breast cancer among premenopausal patients; however, this 

association is not found in postmenopausal patients.8

The current study may provide important information to 

clarify the effect of diet on serum hormone levels which can 

be used as a treatment to decrease body fat, the role of body 

fat in breast cancer prognosis, and the proliferative effect of 

estradiol in malignant cells.

In the present study, the effect of reduced dietary fat on 

the levels of serum hormones in postmenopausal Mexican 

women with breast cancer was investigated, along with an 

analysis of the associated risk factors including BMI and 

other lifestyle factors.

Patients and methods
A prospective controlled study was carried out in a total of 

100 postmenopausal women diagnosed with breast cancer at 

the Department of Oncology of the High Specialty Medical 

Unit No. 1 Bajio (IMSS), Leon, Guanajuato, Mexico. Patients 

were older than 48 years; their last menses was at least 1 year 

prior to the study, and previously, their menstrual cycles had 

been regular. Patients had been diagnosed with cancer at least 

a year before, had finished their chemotherapy treatment, and 

were undergoing adjuvant therapy using tamoxifen. The study 

was performed in accordance with the Declaration of Helsinki 

of the World Medical Association and was approved by the 

local Bioethics Committee of the High Specialty Medical 

Unit No. 1 Bajio (IMSS) (No. R 2008-1001-67). All patients 

signed an informed consent form for this investigation.

The participants were divided randomly into two groups: 

Group 1 (n = 50) were subjected to reduced dietary fat and 

Group 2 (n = 50) were subjected to a control diet. A nutri-

tional evaluation was performed according to the dietary, 

anthropometric, and biochemical indicators before and 

after six months of the diet treatment, which was designed 

in accordance with the initial evaluation for each patient. 

Patients were evaluated for their nutritional status during the 

6-month follow-up period, with an appointment each month 

to verify adherence to the treatment.

Diets
Five meal menus per day were given to all patients with writ-

ten instructions informing them of sanitary considerations 

and reheating methods.

group 1: reduced dietary fat
The proportions of each alimentary group were as follows: 

12% fat, 68% carbohydrates, and 20% protein.

group 2: control diet
The proportions for this regime were as follows: 50% car-

bohydrates, 30% fat, and 20% protein. These were taken 

from the balanced diet recommendations of the American 

Dietetic Association.

Blood serum analysis
Venous blood samples were collected between 8:30 and 

10:30 am, after 8–10 h of fasting. Samples were collected 

in vacuum tubes free of anticoagulant. Serum samples were 

stored at −80°C until use. The levels of estradiol, adiponectin, 

and IGF-1 were determined using an enzyme-linked immu-

nosorbent assay (ELISA).

Adiponectin levels were measured using a human adi-

ponectin ELISA Kit (Linconplex kit, EzHADP-61 K), and 

IGF-1 levels were assessed using a Human IGF-I Quantikine 
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ELISA Kit, with intra- and inter-assay coefficients of vari-

ability of <7% and <10%, respectively.

statistical analysis
All data are presented as mean ± standard error of the 

mean, and p < 0.05 was considered to indicate statistical 

significance.

The groups were compared using a two-tailed t-test and 

the Kruskal–Wallis test. A multiple regression model was 

used to analyze the baseline BMI, age, and tumor grade.

Correlations were measured using Pearson’s test to 

assess the association between serum levels of estradiol and 

adiponectin, and BMI. The analysis was carried out using 

Medcall 13.1.

Results
The mean age of Group 1 and Group 2 was 50.45 ± 7.94 and 

52.26 ± 6.11 years, respectively (p > 0.05).

In Group 1, breast cancer of clinical stages 2 (46%) and 

3 (54%) was most frequent. The most common histological 

diagnosis was ductal carcinoma (58%), followed by lobular 

carcinoma (22%) and others (20%). The clinical and anthro-

pometric characteristics of the patients are shown in Table 1.

anthropometric parameters
In Group 1, BMI was significantly different before and after 

treatment (27.93 ± 4.45 vs 26.05 ± 2.65 kg/m2; p = 0.01), and 

waist circumference was significantly reduced (99.92 ± 11.05 

vs 91.59 ± 9.59 cm; p = 0.0001).

Moreover, the difference in the final BMI between the 

groups was significant (p = 0.04), unlike the muscle mass 

percentage at the end of the treatment (p = 0.29).

serum levels of estradiol, adiponectin, 
and igF-1
In Group 1, estradiol levels had significantly decreased 

(21.23 ± 14.32 vs 16.05 ± 10.25 ng/mL; p = 0.003) and 

adiponectin levels were significantly lower following treat-

ment (47.53 ± 12.19 vs 42.52 ± 12.34 µg/mL; p = 0.004). 

Glucose levels were also decreased (96.71 ± 4.94 vs 

89.56 ± 9.91 mg/dL; p = 0.0001).

However, no statistically significant difference in the lev-

els of IGF-1 (69.29 ± 39.91 vs 63.57 ± 35.77 UI; p = 0.20) was 

found following treatment in Group 1. BMI was correlated 

with serum levels of adiponectin (r = −0.27; p = 0.02), and 

a direct correlation with estradiol levels (r = 0.37; p = 0.001) 

was observed in all the patients.

In Group 2, there was no difference in the levels of estra-

diol, adiponectin, and IGF-1 following treatment (p > 0.05; 

Table 2).

A multiple regression model in Group 1 did not show 

a significant association of baseline BMI, age, and tumor 

grade with pre- and post-intervention values of IGF 1 and 

adiponectin (p > 0.05).

Table 1 Differences between anthropometric and clinical parameters in breast cancer diagnosed women with reduced dietary fat 
(group 1) and dietary recommendations (group 2)

Clinical parameter Group 1 initial Group 1 final Group 2 initial Group 2 final p

age (years) 50.45 ± 7.94 52.26 ± 6.11 >0.05
BMi (kg/m2) 27.93 ± 4.45 26.05 ± 2.65* 28.83 ± 4.60 28.74 ± 3.10** 0.01*

0.90**
Overweight: 25–26.9 kg/m2 8 (15.3%) 11 (23.0%)
Obesity grade 1: 27–29.9 kg/m2 31 (61.5%) 31 (61.5%)
Obesity grade 2: 30–39.9 kg/m2 11 (23.0%) 8 (15.3%)
Waist circumference (cm) 99.92 ± 11.05 91.59 ± 9.59* 95.03 ± 10.73 94.00 ± 9.89** *0.0001

**0.61
Clinical stage, n (%)
ii 23 (46%) 26 (52%)
iii 27 (54%) 24 (48%)
Histologic type, n (%)
Ductal 27 (54%) 30 (60.00%)
lobar 13 (26%) 15 (31.00%)
Others 10 (20%) 5 (9.00%)
Hormonal receptors positive
estrogen 99% 99%
Progesterone 98% 98%

Note: *Initial vs final Group 1; **initial vs final Group 2.
Abbreviation: BMi, body mass index.
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Discussion
The current study shows the effects of reduced dietary fat 

on the levels of circulating estradiol and adiponectin in 

postmenopausal patients diagnosed with breast cancer. In 

recent studies, low adiponectin levels have been shown to 

be associated with the development of different types of 

cancer, and this association is more significant in patients 

with obesity. The most aggressive phenotype has been shown 

to be associated with the expression of the IGF-1 receptor, 

and serum IGF-1 concentrations have also been reported as 

an important factor.9,10

The increased risk of developing HR-positive breast 

cancer in obese postmenopausal women has been attributed, 

in part, to increased levels of circulating estradiol, which 

is related to both increased adipose tissue and elevated 

aromatase expression in subcutaneous adipose tissue.11–13 

The current study found that estrogen levels in patients 

who followed diet with reduced fat for 6 months decreased 

significantly, as did their BMI. Thus, strategies to reduce the 

levels of circulating estradiol may serve as a maintenance 

therapy in patients with HR-positive breast cancer (using 

tamoxifen and aromatase inhibitors). However, there is no 

previous investigation on whether it is possible to reduce the 

levels of estradiol using nutritional treatment.

Obesity is prevalent in the majority of patients with breast 

cancer; in the current study, 74% of the patients were obese and 

16% were overweight. Furthermore, the breast cancer stage was 

grade 1 in 61% and grade 2 in 23% of patients. In addition to the 

impact on the risk of breast cancer, obesity has been recognized 

as a poor prognostic factor among breast cancer survivors.14–20

Adiponectin had been studied in patients with type 2 

diabetes mellitus and obesity, and it was demonstrated that 

it is inversely correlated with adiposity level.21 It is strongly 

involved in cancer development but some researchers still 

consider its action to be inconsistent or context-specific. 

Some experimental studies report an antiproliferative effect 

of adiponectin on breast cancer cells that do not express the 

estrogen receptor;22,23 however, this effect was not observed 

in estrogen receptor-positive cells.24–29

Elevated levels of serum adiponectin, ranging from 27 

to 63 µg/mL, were found prior to treatment and after six 

months of following a low-fat diet, and adiponectin levels 

decreased significantly, as did estradiol levels. Meta-analyses 

and prospective cohort studies have consistently found that 

the reduced risk of breast cancer and regular soy food intake30 

are related to lower circulating levels of some inflammatory 

markers implicated in breast cancer risk. Nadudara et al found 

no statistically significant difference in the levels of these 

adipocytokines with a very low-fat diet or soy supplemen-

tation. However, they reported differences in TNF-α levels 

between the very low-fat and control diet.30

Cross-sectional studies, which were conducted mostly in 

Western populations,31 and often among men with diabetes, 

cardiovascular disease, or other conditions,32–34 suggest that 

the intake of alcohol and coffee and diets rich in cereal fiber 

may significantly affect serum adiponectin levels. Wintrob 

et al35 demonstrated that in patients with type 2 diabetes 

mellitus who developed breast cancer, adiponectin levels 

were lower than in patients with breast cancer without type 2 

diabetes mellitus. In the current study, there were no patients 

with type 2 diabetes mellitus; however, serum glucose levels 

were significantly reduced following the low-fat treatment.

The current results suggest a possible relationship 

between estradiol and adiponectin levels, and the role of 

adiponectin in the expression of a particular type of estrogen 

receptor, because the effect of estrogen has been shown to 

be dependent on the status of the estrogen receptor alpha. 

This could suggest a correlation between adiponectin and 

estradiol serum levels in breast cancer.36,37

Recently, cross-talk between IGF-1 and adiponectin has 

been found to be associated with breast cancer.38 Mauro et al 

demonstrated that low levels of adiponectin induce cellular 

growth independently of IGF-1 in estrogen receptor alpha-

positive breast cancer cells. This study found no statistically 

significant differences in the levels of IGF-1 after treatment, 

although estradiol and adiponectin levels decreased signifi-

cantly after six months of reduced dietary fat in patients with 

estrogen receptor alpha positive breast cancer.

Moreover, Mauro et al demonstrated the role of adi-

ponectin in several types of breast cancer. In cells that are 

estrogen receptor negative, the study showed that adiponectin 

has an antagonist effect on growth stimulation produced 

by IGF-1, which halts cell migration. However, in estrogen 

receptor-positive breast cancer cells, adiponectin produces a 

proliferative effect that has synergy with IGF-1 expression.38

Miyoshi et al first highlighted the relationship between 

hypoadiponectinemia and increased risk of breast cancer.39 

Table 2 effects of reduced dietary fat (group 1) on adiponectin, 
estradiol, and igF-1 in serum

Metabolic profile Group 1 initial Group 1 final p

estradiol (ng/ml) 21.23 ± 14.32 16.05 ± 10.25 0.003
Testosterone (ng/ml) 0.23 ± 0.14 0.19 ± 0.17 0.07
adiponectin (µg/ml) 47.53 ± 12.19 42.52 ± 12.34 0.004
igF-1 (Ui) 69.29 ± 39.91 63.57 ± 35.77 0.45
glucose (mg/dl) 96.71 ± 4.94 89.56 ± 9.91 0.0001
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A recent meta-analysis of eight observational studies found 

that low adiponectin levels are associated with an increased 

risk of breast cancer in postmenopausal but not premeno-

pausal women.40 The current study indicates that adiponectin 

concentration was decreased after weight loss, and these 

changes might have occurred through both mechanisms of 

hormonal therapy and body composition changes. However, 

some studies have produced inconsistent and confusing 

results, and this may be explained by the presence of different 

isoforms of adiponectin.41 Katira et al reported that normal 

serum adiponectin levels were noted in stage I and II breast 

cancer, and its levels decreased with disease progression.42 

Hence, further investigation of the role of different forms of 

adiponectin in breast cancer risk is needed.

The current results fit well with recent findings demon-

strating that adiponectin should be applied as a new thera-

peutic strategy for the treatment of breast cancer and also to 

prevent the risk conferred by obesity in the development of 

breast cancer.

Conclusion
The current study demonstrates that reduced dietary fat may 

regulate estradiol and adiponectin levels. Monitoring BMI 

and the proportion of fatty tissue is essential during adjuvant 

therapy. Adiponectin may be a new biomarker to evaluate the 

risk for the development of breast cancer in obese women. 

Large clinical trials are needed to validate these findings.
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