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Abstract
Background: There is a higher risk of Breast Cancer (BC) in postmenopausal obese women and 
with a worse outcome of all ages.

Objectives: To evaluate obesity prevalence in BC patients and its association with survival, age, 
Surgery Complications (SC), and molecular BC subtypes.

Methods: A retrospective cohort study was performed with 5925 between 1994 and 2018. Survival 
analysis was performed according to Body Mass Index (BMI) groups. The database contains 
information about molecular BC subtypes and SC.

Results: They had a mean (SD) age of 54 (12.0) years. There were 769 (13%) deaths, and the mean 
survival was 20 (2.0) years. 1,787 (30%) patients with obesity and 4,138 (70%) without obesity. 
Patients with obesity were older (56 (11.0) years) (p<0.001) and they had lower frequencies of 
luminal B (33 vs. 67%, p=0.02) and HER2- (31 vs. 69%, p=0.04) subtypes. There was a difference 
between obesity in BC patients and the Brazilian population (p<0.005). Patients with obesity had 
more infections as a SC (p=0.01). The Kaplan-Meier curve shows the estimates of survival for 
patients with obesity and patients without obesity with BC.

Conclusion: We found a high prevalence of obesity in BC patients, more than in the general 
Brazilian women population. Our patients with obesity were older and had lower frequencies of 
luminal B and HER2-subtypes than women without obesity. Besides that, patients with obesity had 
more infections after surgery, mainly in HER2+, Negative triple, and HER2+ Hybrid.
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Introduction
Obesity is one of the significant public health problems of this century, being a significant global 

health epidemic in developed and developing countries [1-3]. The future of obesity prevalence 
in the USA in 2030 will rise to adult obesity and severe obesity, respectively, 49% and 24%, with 
considerable variation across states [4]. In Brazil, among women, there was an increase in obesity 
over the last 25 years, from 13% to 20% [5-7].

Besides the well-established effects on type 2 diabetes and cardiovascular disease, there is 
convincing evidence today that obesity also increases the risk of several types of cancer, including 
colorectal cancer, endometrial cancer, renal cell carcinoma, esophageal adenocarcinoma, pancreatic 
cancer, and liver cancer [8]. Existing literature suggests a relationship between increased BMI and 
an increased risk for developing breast cancer [9-13], especially postmenopausal breast cancer [8].

Obesity is a risk factor for several types of cancer, including breast cancer [14]. In the world 
and Brazil, Breast Cancer (BC) is the primary cancer and cause of cancer deaths among the female 
population [15,16]. Obesity is associated with an increased risk of postmenopausal breast cancer, 
and some reports suggest central obesity may be associated with an increased risk of premenopausal 
breast cancer [12,17,18].

Many mechanisms have associated BC with obesity, mainly in the postmenopausal period, such 
as increased levels of estrogens due to excessive aromatization by adipose tissue; central adiposity as 
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an independent predictor; hypercholesterolemia; excessive oxidative 
stress; overexpression of pro-inflammatory cytokines; insulin and/
or Insulin-like growth factors as a potent mitogen for normal and 
transformed breast epithelial cells; to be fuel cancer cell growth by 
providing excess substrate for Adenosine Triphosphate (ATP) 
production and lipid membrane generation; hyperinsulinemia, 
insulin resistance and drive glucose uptake associated with activation 
of cell growth, cell proliferation, and angiogenesis and lower the 
barrier for oncogenic transformation; large visceral lipid stores 
may support tumor progression and uncontrolled cellular growth 
[3,14,19].

Overweight, obesity or underweight may increase the risk of BC 
relapse, death, some complications from BC treatment, and several 
co-morbidities. However, the effect of weight change on prognosis is 
not established [20,21].

In addition, multiple factors contribute to the unfavorable 
survival rates in patients with obesity with cancer, including a higher 
likelihood of comorbid conditions and adverse tumor characteristics 
and systematic underdosing of chemotherapy, which occurs in up to 
40% of patients [22].

Our goal was to describe obesity prevalence in breast cancer 
patients during a 24 years follow-up and evaluate the association 
of survival rate with age, surgery complications, anti-human KI67 
antibody (KI67), and molecular subtypes BC, including Human 
Epidermal Growth Factor Receptor 2 (HER2), luminal A and B and 
triple-negative.

Methods
Patients

A retrospective cohort study with 8,824 breast cancer patients was 
performed between 1994 and 2018 at the Breast Cancer Department, 
São Paulo State Government Women's Health Reference Center 
(Pérola Byington Hospital), São Paulo, Brazil. From those, 2,899 
patients were excluded because they did not have the description of 
either their weight or Body Mass Index (BMI). Therefore, we analyzed 
5,925 patients. The study was approved by the Hospital Ethics and 
Research Committee 2.213.876.

Data source
Pérola Byington is a hospital specialized in women's health and BC 

treatment in the Brazilian public setting. The registry was developed 
by the hospital to help in the support, management, and follow-up 
process of these patients and it includes data from all BC patients 
from the hospital. The database (1994-2018) contains information 
from patients' medical records, evidencing the actual clinical practice 
over anti-human KI67 antibody (KI67) and molecular subtypes BC, 
including Human Epidermal Growth Factor Receptor 2 (HER2), 
luminal A and B, and triple-negative. Surgery complications such 
as dehiscence, hematoma, and infection were cited in our database 
either.

Anthropometric measurement
Anthropometric measurements were performed in the first visit 

to the clinic. To determine the height (m), a stadiometer (with a total 
height of 2.0 m and precision of 1.0 mm) was used, duly posted on 
the wall, with the patient standing, barefoot, with their heels together, 
with the back straight and arms outstretched at the sides of the body. 
The weight measurement (kg) was performed by a properly calibrated 
scale, with the patient standing in the center of the scale base, barefoot, 

and wearing light clothing.

Body Mass Index (BMI) calculated as weight (kg) divided by 
the squared height (m) [23]. BMI was used to classify nutritional 
status of the adult patients as: <16 kg/m2: Malnutrition grade III; 16 
kg/m2 to 16.9 kg/m2: Malnutrition grade II; 17 kg/m2 to 18.4 kg/m2: 
Malnutrition grade I; 18.5 kg/m2 to 24.9 kg/m2: Normal; 25 kg/m2 to 
29.9 kg/m2: Overweight; 30 kg/m2 to 34.9 kg/m2: Obesity grade I; 35 
kg/m2 to 39.9 kg/m2: Obesity grade II; ≥ 40 kg/m2: Obesity grade III 
[23].

Data analysis
Quantitative variables were described as mean, standard 

deviation, median, interquartile range, and extreme. In addition, the 
variables were evaluated for their distribution through histogram and 
the Shapiro-Wilk test was performed. Those in which the assumption 
of normality was not rejected had the mean and standard deviation 
measures were presented. Qualitative variables were described by 
absolute frequency and percentage [24].

The sample was stratified according to the exposure variable, the 
BMI, in obese (BMI ≥ 30 kg/m2) and non-obese (BMI<30 kg/m2). 
Socio-demographic variables, presence of anti-human KI67 antibody 
(KI67), molecular subtypes for the tumor, surgery complications and 
relapse cases were compared between the two groups.

The prevalence rates of obesity in the study sample and Brazilian 
women population were compared across the 24 years of follow-up 
[6,25-27].

Association between obesity in Brazil, age, survivorship, KI67, 
molecular subtypes and surgical complications variables and the 
difference between measurements studied at 24 years was assessed 
by multiple linear models with time to take as an outcome and 
measurements as an explanatory variable in conjunction with obesity 
(BMI ≥ 30).

Kaplan-Meier analysis was applied to calculate survival 
considering patients with and without obesity. Multivariate regression 
analysis was used related to obesity with age.

All analyses were carried out with SPSS (IBM Corp. Released 
2016. IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: 
IBM Corp.), and p-values less than 0.05 were considered statistically 
significant.

Results
From the total sample of 5,925, 1,787 (30%) participants were 

stratified as obese (BMI ≥ 30 Kg/m2) and 4,138 (70%) non-obese. The 
participants had a mean (SD) age of 54 (12.0) years and weight of 70 
(15.0) kg, and a BMI of 28 (5.5) kg/m2. From a total of 5,925 women 
with a breast cancer diagnosis (1994-2018), 3,259 (55%) had negative 
HER2 and 5,273 (89%) negative KI67. Regarding the subtype 850 
(20%) patients were luminal A, 1,591 (37.2%) luminal B, 528 (12.3%), 
HER2+ Hybrid and 646 (15.1%) negative triple. We observed that 71 
(1.2%) showed relapse in this follow-up. Besides non-patients with 
obesity were submitted more neoadjuvant chemotherapy (p=0.03) 
and radiotherapy (p=0.007) (Table 1).

We observed that the prevalence of obesity did not change 
throughout the 24 years of follow-up. Comparing the prevalence 
of obesity in the study sample and the Brazilian women population 
[6,25-27], we observed that the frequencies of obesity in women with 
breast cancer were higher than those related to the Brazilian women 
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population. There was a difference between obesity in cancer patients 
and the Brazilian women population (p<0.005) (Graph 1).

Obese were older (56 (11.0) years) than non-patients with obesity 
(53 (12.5) years) (p<0.001). They had lower frequencies of luminal B 
(33 vs. 67%, p=0.02) and HER2- (31 vs. 69%, p=0.04) subtypes than 
women without obesity. There was not a significant difference in 
frequencies of KI67, recovering and survival between groups. Non-
patients with obesity had fewer surgical complications (p=0.026); 
however, after surgery, patients with obesity had more infections 
(p=0.01). The sample power was 49%, based on the result of the 
complication.

Cox multiple regression for age considering subtypes (luminal A, 
luminal B, HER2+, HER2+ Hybrid and negative triple), obesity and 
surgical complications were significant for HER2+ and negative triple 
(p<0.001) and HER2 + Hybrid (p=0.001) (Table 2).

In survival analysis, the Kaplan-Meier curve shows the estimates 
of survival for obese and non-patients with obesity with breast cancer 
from 1994 to 2018 (n=5925). There were 769 (13%) deaths and the 
mean survival was 20 (2.0) years for the whole sample of the study. 
There was no significant difference between mean survival in obese 
and non-patients with obesity, respectively 19 and 20 years (Graph 2).

Discussion
In 24 years of follow-up, we observed a higher prevalence of 

obesity among patients with breast cancer concerning the general 
Brazilian population in all these years. Our patients with obesity were 
older, had high prevalence lower frequencies of luminal B and HER2 

Variables
Non-obese Obese Total

p
n % n %  n %

Time  

<2000 26 0.6 12 0.7 38 0.6 0.285

2000-2004 63 1.5 24 1.3 87 1.5  

2005-2009 192 4.6 66 3.7 258 4.4  

2010-2014 2264 54.8 958 53.5 3222 54.4  

2015-2018 1590 38.5 730 40.8 2320 39.2  

HER2

0.077Negative 2228 53.9 1009 56.4 3237 54.6

Positive 1907 46.1 781 43.6 2688 45.4

KI67*

0.979Negative 2452 89.3 1094 89.2 3546 89.3

Positive 295 10.7 132 10.8 427 10.7

Luminal A**  

 592 69.6 258 30.4 850 19.8  

Luminal B**  

 1059 66.6 532 33.4 1591 37.2  

HER2 + Hybrid** 0.024

 391 74.1 137 25.9 528 12.3  

Negative triple**  

 646 69.7 281 30.3 646 15.1  

KI67*

0.979Negative 2452 89.3 1094 89.2 3546 89.3

Positive 295 10.7 132 10.8 427 10.7

Relapse

0.761No 4088 98.9 1768 98.8 5856 98.8

Yes 47 1.1 22 1.2 69 1.2

Surgery complications

0.026No 3985 70.1 1703 29.9 5688 96

Yes 150 63.3 87 36.7 237 4

Breast side

0.562Right 2022 48.9 890 49.7 2912 49.1

Left 2113 51.1 900 50.3 3013 50.9

Family story

0.992No 3387 81.9 1466 81.9 4853 81.9

Yes 748 18.1 324 18.1 1072 18.1

Neoadjuvant Chemotherapy

0.033No 3087 74.7 1289 72 4376 73.9

Yes 1048 25.3 501 28 1549 26.1

Adjuvant Chemotherapy

0.943No 2031 49.1 881 49.2 2912 49.1

Yes 2104 50.9 909 50.8 3013 50.9

Palliative Chemotherapy

0.636No 3839 92.8 1668 93.2 5507 92.9

Yes 296 7.2 122 6.8 418 7.1

Hormone Therapy

0.108No 1590 38.5 728 40.7 2318 39.1

Yes 2545 61.5 1062 59.3 3607 60.9

Table 1: Characteristic of obese and non-obese patients with breast cancer.

Graph 1: 24-year follow-up of obesity in patients with breast cancer and in 
the Brazilian women population [6,18-20].

Radiotherapy

0.007No 1584 38.3 620 34.6 2204 37.2

Yes 2551 61.7 1170 65.4 3721 62.8

Neoadjuvant Radiotherapy

0.254*No 4131 99.9 1786 99.8 5917 99.9

Yes 4 0.1 4 0.2 8 0.1

Adjuvant Radiotherapy

0.058No 1677 40.6 679 37.9 2356 39.8

Yes 2458 59.4 1111 62.1 3569 60.2

Palliative Radiotherapy

0.06
No 4054 98 1741 97.3 5795 97.8

Yes 81 2 49 2.7 130 2.2

Total 4135 100 1790 100 5925 100
Chi-square test; KI67: Anti-Human KI67 Antibody; * Fisher's exact test; ** Total 
of 4,274 patients
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subtypes than women without obesity. Their survivorship was not 
different from non-patients with obesity. Non-patients with obesity 
had fewer surgical complications; however, patients with obesity had 
more infections after surgery. Obesity and surgical complications 
were significant for HER2+, Negative triple and HER2+ Hybrid.

Obesity is a global problem, and in Brazil, it is no different. In 
1974, there were 2.8% and 11.8%, respectively, of males and females 
with obesity in Brazil. In 2018, there was a 20% mean of obesity [5,6]. 
Our study has shown a mean of 30% of obesity for 24 years. Obesity 
was not different among years of follow-up, however, its prevalence 
was significantly higher in our sample related to the general Brazilian 
population in the same period [5,6]. Our finding suggested a 
significant bulk of obesity in breast cancer patients, higher than the 
general population, for 24 years. It shows the impact of BMI in this 
severe disease.

Many studies found an association between obesity, breast 
cancer, and its outcomes [28-34]. The association of obesity with 
breast cancer risk is complex. There is convincing evidence that 
after menopause, obesity increases the risk of breast cancer [35]. 
Weight gain in adulthood probably also increases postmenopausal 
breast cancer risk. Conversely, before menopause, obesity probably 
decreases breast cancer risk [35].

We found a positive association between obesity and age; 
therefore, our patients with obesity were older. Postmenopausal 

women have excess fat tissue, conversion of androgens to estrogens 
by the aromatase enzyme; all these factors increase breast cancer risk 
and body weight [28,29,36].

These opposing associations are most likely mediated via 
endogenous sex hormones, primarily estradiol, which is likely to 
have tumor-promoting activities. After menopause, adipose tissue 
is the major source of estrogens, and obesity is associated with 
higher estrogen concentrations, which may explain the higher breast 
cancer risk. Interestingly, the higher risk of postmenopausal breast 
cancer associated with obesity is primarily seen for estrogen and 
progesterone receptor-positive disease, and it is limited to women not 
using hormone replacement therapy, which gives indirect evidence 
to support the hypothesis that estrogens may be the crucial link [37].

The inverse association between obesity and premenopausal 
breast cancer is primarily thought to be due to reduced exposure 
to endogenous progesterone because of obesity-induced ovarian 
hyperandrogenism [37]. There is limited evidence showing that 
among breast cancer patients, obesity is related to poorer survival 
[35].

Several cohort studies have investigated whether the association 
of overweight/obesity with survival differs by molecular subtype of 
breast cancer. A 2012 meta-analysis with twenty-one studies found 
that all-cause mortality was higher in patients with the highest vs. 
lowest category of BMI for patients with both estrogen receptor-
positive and estrogen receptor-negative tumors [38]. The same meta-
analysis found a statistically significant association between heavier vs. 
lighter weight and risk of breast cancer-specific mortality in patients 
with estrogen receptor/progesterone receptor-positive tumors. For 
women with estrogen receptor/progesterone receptor-negative breast 
cancer, heavier vs. lighter weight was associated with a no statistically 
significant increase in breast cancer-specific mortality. A combined 
analysis of 15,538 breast cancer patients from the National Surgical 
Adjuvant Breast and Bowel Project trials found some variability in the 
association of BMI with survival, suggesting that the effect of obesity 
on survival was limited to women with estrogen receptor-positive 
disease [39].

A smaller number of studies have looked at the association 
of obesity with survival by other classifications of tumor type and 
patients, including tumor genetics, locally advanced or inflammatory 
breast cancer, and young patients [40-44]. In general, obesity increases 
the risk of poor survival, although some may be more affected than 
others.

A meta-analysis on weight status and breast cancer survival 
included 213,075 breast cancer patients from eighty-two prospective 
cohort studies, with 41,477 deaths (of which 23,182 were breast 
cancer-specific deaths) [45]. Thirty-five studies (114,012 women; 
17,894 deaths) provided categorical results on BMI within 12 
months after diagnosis, using WHO standard classifications. The 
meta-analysis did not identify any subgroups of patients that were 
statistically significantly different from other subgroups in terms of 
weight associations with mortality, including menopausal status, 
hormone receptor status, sample size (number of deaths), length of 
follow-up, geographic location, or method of ascertaining height 
and weight (measured vs. self-reported). Adjustment for potential 
confounders also did not substantially influence effect size, including 
tumor stage, cancer treatment, presence of diabetes or other co-
morbidities, physical activity, or smoking [45].

Variable HR
CI (95%)

p
Inferior Superior

Age (years) 1.001 0.993 1.008 0.89

Luminal A (ref.) 1    

Luminal B 1.12 0.86 1.46 0.396

HER2+ 1.92 1.39 2.66 <0,001

HER2+ Hybrid 1.68 1.24 2.28 0.001

Negative triple 2.21 1.72 2.84 <0.001

SC 1.08 0.72 1.62 0.7

Obesity 1.1 0.92 1.31 0.315

Table 2: Cox multiple regression for age considering breast cancer subtypes, 
obesity and surgical complications.

CI: Confidence Interval; HR: Hazard Ratio; SC: Surgical Complications

Graph 2: Survivorship curve for obese and non-obese patients with breast 
cancer (1994-2018) (n=5925).
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According to another study, we found a significant association 
between HER2- and obesity [46]. Nonetheless, our sample did not 
show a high BMI related to K167 [46].

Many studies find obesity to be related to poor breast cancer 
outcomes [28,30,31,34]. However, survivorship depends on tumor 
subtype, and characteristics and obesity are more related to mortality 
in HER2+ breast cancer [32-34]. Besides, obesity could be favorable 
for the response to immune checkpoint inhibitors in different tumors 
by the role of leptin and other adipokines [29]. Most of our patients 
with obesity were HER2-, which could explain why we did not find an 
association between obesity and mortality in our sample.

Some studies have reported on body fat distribution concerning 
breast cancer prognosis, with suggestions of increased breast 
cancer mortality risk with android body fat distribution defined as 
the high waist: Hip ratio or as high supra iliac: Thigh ratio [47,48]. 
Unfortunately, we have not been able to access this parameter in our 
study.

Obese breast cancer patients are at increased risk for morbidities, 
including surgical wound complications, lymphoedema and possibly, 
congestive heart failure if treated with doxorubicin [49]. Obesity may 
also increase the risk of developing endometrial cancer among women 
with breast cancer treated with tamoxifen [50]. Obesity increases 
the risk of several cancers in addition to breast and endometrium, 
including kidney, esophageal adenocarcinoma, colon and others 
[50]. Finally, overweight or obese breast cancer survivors may suffer 
from obesity-related co-morbidities, including type II diabetes, 
hypertension, CVD, osteoarthritis, and pulmonary disease [51,52].

Several studies have investigated interactions between 
overweight/obesity and adjuvant therapy effectiveness. A National 
Surgical Adjuvant Breast and Bowel Project analysis of 3,385 clinical 
trial patients from a randomized, placebo-controlled trial evaluating 
tamoxifen for lymph node-negative, estrogen receptor-positive breast 
cancer found that obese women benefited from tamoxifen therapy 
as much as lighter weight women [53]. Compared with normal-
weight women, however, obese women had more significant all-
cause mortality and non-breast cancer mortality. Several studies have 
found evidence that obesity reduces the effectiveness of some, but not 
all, aromatase inhibitors [34]. In our data, the prognosis of patients 
with obesity did not differ from without obesity.

We have used the BMI at diagnosis in our study, as the weight can 
vary during the treatment; the best is to have both initial and at the 
end weight. But a meta-analysis showed that obesity is associated with 
poorer overall and breast cancer survival in pre-and postmenopausal 
breast cancer, regardless of when BMI is ascertained. Being overweight 
is also related to a higher risk of mortality [45].

Our results should be interpreted considering study limitations 
and strengths. Although our sample has a great number of patients 
in a significant period of follow-up, we did not have weight and 
height for all of them, waist: Hip ratio, neither leptin, glucose, nor 
adipokines serum levels. In 24 years of follow-up, some details 
were lost or were not considered essential to be stored in the past. 
Nevertheless, strength of this study is the fact that the analysis is based 
on an extended follow-up, the first one with this number of patients 
and years in Brazil in which we evaluated obesity in breast cancer 
patients, compared to the general population, and their outcomes.

Conclusion
Obesity is a worldwide pandemic associated with several types of 

cancer, such as breast cancer. We found a high prevalence of obesity, 
more than in the general Brazilian women population, in breast 
cancer patients.

Our patients with obesity were older, had high prevalence 
lower frequencies of luminal B and HER2 subtypes than non-obese 
women, and their survivorship was not different from non-patients 
with obesity. Besides, patients with obesity had more infections after 
surgery. Obesity and surgical complications were significant for 
HER2+, Negative triple, and HER2+ Hybrid.

Obesity is a significant risk factor in breast cancer and its surgical 
treatment, and these patients must be evaluated carefully by a 
multidisciplinary oncology team.

References
1. Ortega FB, Lavie CJ, Blair SN. Obesity and cardiovascular disease. Circ 

Res. 2016;118(11):1752-70.

2. Ahmad AN, Edwards KL. A global perspective for managing obesity and 
improving health : conventional treatment and surgical options : 4th Annual 
Obesity Summit, London, April 2016. Future Sci OA. 2016;2(4):FSO144.

3. Calle EE, Thun MJ. Obesity and cancer. Oncogene. 2004;23(38):6365-78.

4. Ward ZJ, Bleich SN, Cradock AL, Barrett JL, Giles CM, Flax C, et al. 
Projected U.S. State-level prevalence of adult obesity and severe obesity. N 
Engl J Med. 2019;381(25):2440-50.

5. Saúde M da. Pesquisa de Orçamentos Familiares Antropometria e estado 
nutricional de crianças, adolescentes e adultos no Brasil Pesquisas de 
Orçamentos Familiares. www.ibge.gov.br. 2010.

6. Ministério da Saúde. Vigitel Brasil 2016. VIGITEL. 2017.

7. Ministério Da Saúde, Secretaria de Vigilancia em Saúde. VIGITEL BRASIL 
2014 Saúde Suplementar Vigilância De Fatores De Risco E Proteção Para 
Doenças Crônicas Por Inquérito Telefônico [Internet]. Vigitel. 2011.

8. Pischon T, Nimptsch K. Obesity and risk of cancer: An introductory 
overview. Recent Results Cancer Res. 2016;208:1-15.

9. Lahmann PH, Hoffmann K, Allen N, van Gils CH, Khaw KT, Tehard 
B, et al. Body size and breast cancer risk: Findings from the European 
Prospective Investigation into Cancer and nutrition (EPIC). Int J Cancer. 
2004;111(5):762-71.

10. Munsell MF, Sprague BL, Berry DA, Chisholm G, Trentham-Dietz A. 
Body mass index and breast cancer risk according to postmenopausal 
estrogen-progestin use and hormone receptor status. Epidemiol Rev. 
2014;36(1):114-36.

11. Trentham-Dietz A, Newcomb PA, Storer BE, Longnecker MP, Baron J, 
Greenberg ER, et al. Body size and risk of breast cancer. Am J Epidemiol. 
1997;145(11):1011-9.

12. van den Brandt PA, Spiegelman D, Yaun SS, Adami HO, Beeson L, Folsom 
AR, et al. Pooled analysis of prospective cohort studies on height, weight, 
and breast cancer risk. Am J Epidemiol. 2000;152(6):514-27.

13. Morimoto LM, White E, Chen Z, Chlebowski RT, Hays J, Kuller L, et al. 
Obesity, body size, and risk of postmenopausal breast cancer: The women's 
health initiative (United States). Cancer Causes Control. 2002;13(8):741-
51.

14. Hopkins BD, Goncalves MD, Cantley LC. Obesity and cancer mechanisms: 
Cancer metabolism. J Clin Oncol. 2016;34(35):4277-83.

15. Werutsky G, Nunes P, Barrios C. Locally advanced breast cancer in 
Brazil: Current status and future perspectives. Ecancermedicalscience. 
2019;13:895.

16. Cecilio AP, Takakura ET, Jumes JJ, Dos Santos JW, Herrera AC, Victorino 
VJ, et al. Breast cancer in Brazil: Epidemiology and treatment challenges. 

https://pubmed.ncbi.nlm.nih.gov/27230640/
https://pubmed.ncbi.nlm.nih.gov/27230640/
https://pubmed.ncbi.nlm.nih.gov/28116126/
https://pubmed.ncbi.nlm.nih.gov/28116126/
https://pubmed.ncbi.nlm.nih.gov/28116126/
https://pubmed.ncbi.nlm.nih.gov/15322511/
https://pubmed.ncbi.nlm.nih.gov/31851800/
https://pubmed.ncbi.nlm.nih.gov/31851800/
https://pubmed.ncbi.nlm.nih.gov/31851800/
https://portalarquivos2.saude.gov.br/images/pdf/2018/marco/02/vigitel-brasil-2016.pdf
https://pubmed.ncbi.nlm.nih.gov/27909899/
https://pubmed.ncbi.nlm.nih.gov/27909899/
https://pubmed.ncbi.nlm.nih.gov/15252848/
https://pubmed.ncbi.nlm.nih.gov/15252848/
https://pubmed.ncbi.nlm.nih.gov/15252848/
https://pubmed.ncbi.nlm.nih.gov/15252848/
https://pubmed.ncbi.nlm.nih.gov/24375928/
https://pubmed.ncbi.nlm.nih.gov/24375928/
https://pubmed.ncbi.nlm.nih.gov/24375928/
https://pubmed.ncbi.nlm.nih.gov/24375928/
https://pubmed.ncbi.nlm.nih.gov/9169910/
https://pubmed.ncbi.nlm.nih.gov/9169910/
https://pubmed.ncbi.nlm.nih.gov/9169910/
https://pubmed.ncbi.nlm.nih.gov/10997541/
https://pubmed.ncbi.nlm.nih.gov/10997541/
https://pubmed.ncbi.nlm.nih.gov/10997541/
https://pubmed.ncbi.nlm.nih.gov/12420953/
https://pubmed.ncbi.nlm.nih.gov/12420953/
https://pubmed.ncbi.nlm.nih.gov/12420953/
https://pubmed.ncbi.nlm.nih.gov/12420953/
https://pubmed.ncbi.nlm.nih.gov/27903152/
https://pubmed.ncbi.nlm.nih.gov/27903152/
https://pubmed.ncbi.nlm.nih.gov/30792812/
https://pubmed.ncbi.nlm.nih.gov/30792812/
https://pubmed.ncbi.nlm.nih.gov/30792812/
https://pubmed.ncbi.nlm.nih.gov/25678813/
https://pubmed.ncbi.nlm.nih.gov/25678813/


Andrea Z Pereira, et al., Clinics in Oncology - General Oncology

Remedy Publications LLC., | http://clinicsinoncology.com/ 2021 | Volume 6 | Article 18366

Breast Cancer (Dove Med Press). 2015;7:43-9.

17. Harvie M, Hooper L, Howell AH. Central obesity and breast cancer risk: A 
systematic review. Obes Rev. 2003;4(3):157-73.

18. Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M. Body-mass 
index and incidence of cancer: A systematic review and meta-analysis of 
prospective observational studies. Lancet. 2008;371(9612):569-78.

19. Ecker BL, Lee JY, Sterner CJ, Solomon AC, Pant DK, Shen F, et al. Impact 
of obesity on breast cancer recurrence and minimal residual disease. Breast 
Cancer Res. 2019;21(1):41.

20. Protani M, Coory M, Martin JH. Effect of obesity on survival of women 
with breast cancer: Systematic review and meta-analysis. Breast Cancer 
Res Treat. 2010;123(3):627-35.

21. Ryu SY, Kim CB, Nam CM, Park JK, Kim KS, Park J, et al. Is body mass 
index the prognostic factor in breast cancer? A meta-analysis. J Korean 
Med Sci. 2001;16(5):610-4.

22. Griggs JJ, Sabel MS. Obesity and cancer treatment: Weighing the evidence. 
J Clin Oncol. 2008;26(25):4060-2.

23. Obesity: Preventing and managing the global epidemic. Report of a WHO 
consultation. World Health Organ Tech Rep Ser. 2000;894:i-xii,1-253.

24. Bussab WD, Morettin PA. Estatística básica. 2010:1-10.

25. Ministério da Saúde. IBGE - Instituto Brasileiro de Geografia e Estatística. 
Sinopse do Censo demográfico. Rio de Janeiro - RJ; 2011.

26. Malta DC, Andrade SC, Claro RM, Bernal RTI, Monteiro CA. Trends 
in prevalence of overweight and obesity in adults in 26 Brazilian state 
capitals and the Federal district from 2006 to 2012. Rev Bras Epidemiol. 
2014;17(Suppl 1):267-76.

27. Brasil. Ministério da Saúde. Vigitel Brasil 2019: Vigilância de fatores de 
risco e proteção para doenças crônicas por inquerito telefônico telefônico: 
Estimativas sobre frequência e distribuição sociodemográfica de fatores de 
risco e proteção para doenças crônicas nas capitais dos 26. Ministério da 
Saúde, Secretaria de Vigilância em Saúde, Departamento de Análise em 
Saúde e Vigilância de Doenças não Transmissíveis. 2020. p. 1–277.

28. Azrad M, Demark-Wahnefried W. The association between adiposity and 
breast cancer recurrence and survival: A review of the recent literature. 
Curr Nutr Rep. 2014;3(1):9-15.

29. Sánchez-Jiménez F, Pérez-Pérez A, de la Cruz-Merino L, Sánchez-Margalet 
V. Obesity and breast cancer: Role of leptin. Front Oncol. 2019;9:596.

30. Lee K, Kruper L, Dieli-Conwright CM, Mortimer JE. The impact of obesity 
on breast cancer diagnosis and treatment. Curr Oncol Rep. 2019;21(5):41.

31. Ray A, Nkhata KJ, Cleary MP. Effects of leptin on human breast cancer 
cell lines in relationship to estrogen receptor and HER2 status. Int J Oncol. 
2007;30(6):1499-509.

32. Blair CK, Wiggins CL, Nibbe AM, Storlie CB, Prossnitz ER, Royce M, et al. 
Obesity and survival among a cohort of breast cancer patients is partially 
mediated by tumor characteristics. NPJ Breast Cancer. 2019;5(1):1-7.

33. Martel S, Poletto E, Ferreira AR, Lambertini M, Sottotetti F, Bertolini I, 
et al. Impact of body mass index on the clinical outcomes of patients with 
HER2-positive metastatic breast cancer. Breast. 2018;37:142-7.

34. Jiralerspong S, Goodwin PJ. Obesity and breast cancer prognosis: Evidence, 
challenges, and opportunities. J Clin Oncol. 2016;34(35):4203-16.

35. World Cancer Research Fund/American Institute for Cancer Research. 
Diet, Nutrition, Physical Activity and Cancer: a Global Perspective 
[Internet]. Continuous Update Project Expert Report 2018;1-53.

36. Babu KG, Anand A, Lakshmaiah KC, Lokanatha D, Jacob LA, Suresh Babu 
MC, et al. Correlation of BMI with breast cancer subtype and tumour size. 
Ecancermedicalscience. 2018;12:845.

37. Fortner RT, Katzke V, Kühn T, Kaaks R. Obesity and breast cancer. Recent 
Results Cancer Res. 2016;208:43-65. 

38. Niraula S, Ocana A, Ennis M, Goodwin PJ. Body size and breast cancer 
prognosis in relation to hormone receptor and menopausal status: A meta-
analysis. Breast Cancer Res Treat. 2012;134(2):769-81.

39. Cecchini RS, Swain SM, Costantino JP, Rastogi P, Jeong JH, Anderson SJ, 
et al. Body mass index at diagnosis and breast cancer survival prognosis in 
clinical trial populations from NRG oncology/NSABP B-30 , B-31 , B-34 , 
and B-38. Cancer Epidemiol Biomarkers Prev. 2016;25(1):51-9.

40. Widschwendter P, Friedl TWP, Schwentner L, DeGregorio N, Jaeger B, 
Schramm A, et al. The influence of obesity on survival in early, high-risk 
breast cancer: Results from the randomized SUCCESS A trial. Breast 
Cancer Res. 2015;1–11.

41. Copson ER, Cutress RI, Maishman T, Eccles BK, Gerty S, Stanton L, et al. 
Obesity and the outcome of young breast cancer patients in the UK: The 
POSH study. Ann Oncol. 2015;26(1):101-12.

42. Dawood S, Broglio K, Gonzalez-Angulo AM, Kau SW, Islam R, Hortobagyi 
GN, et al. Prognostic value of body mass index in locally advanced breast 
cancer. Clin Cancer Res. 2008;14(6):1718-25.

43. Ligibel JA, Cirrincione CT, Liu M, Citron M, Ingle JN, Gradishar W, et al. 
Body mass index, PAM50 subtype, and outcomes in node-positive breast 
cancer: CALGB 9741 (Alliance). J Natl Cancer Inst. 2015;107(9):1-7.

44. Mazzarella L, Disalvatore D, Bagnardi V, Rotmensz N, Galbiati D, Caputo 
S, et al. obesity increases the incidence of distant metastases in oestrogen 
receptor-negative human epidermal growth factor receptor 2-positive 
breast cancer patients. Eur J Cancer. 2013;49(17):3588-97.

45. Chan DSM, Vieira AR, Aune D, Bandera EV, Greenwood DC, McTiernan 
A, et al. Body mass index and survival in women with breast cancer-
systematic literature review and meta-analysis of 82 follow-up studies. 
Ann Oncol. 2014;25(10):1901-14.

46. Nattenmüller CJ, Kriegsmann M, Sookthai D, Fortner RT, Steffen A, 
Walter B, et al. Obesity as risk factor for subtypes of breast cancer: Results 
from a prospective cohort study. BMC Cancer. 2018;18(1):616.

47. Borugian MJ, Sheps SB, Kim-Sing C, Olivotto IA, Patten CV, Dunn BP, 
et al. Waist-to-hip ratio and breast cancer mortality. Am J Epidemiol. 
2003;158(10):963-8.

48. Kumar NB, Cantor A, Allen K, Cox CE. Android obesity at diagnosis and 
breast carcinoma survival: Evaluation of the effects of anthropometric 
variables at diagnosis, including body composition and body fat 
distribution and weight gain during life span, and survival from breast 
carcinoma. Cancer. 2000;88(12):2751-7.

49. Chlebowski RT. Cancer risk reduction: strategies for women at increased 
risk. Annu Rev Med. 2002;53:519-40.

50. Bernstein L, Deapen D, Cerhan JR, Schwartz SM, Liff J, Maloney EM, et al. 
Tamoxifen therapy for breast cancer and endometrial cancer risk. J Natl 
Cancer Inst. 1999;91(19):1654-62.

51. Everett E, Tamimi H, Greer B, Paley P, Mandel L, Goff B, et al. The effect 
of body mass index on clinical/pathologic features, surgical morbidity, 
and outcome in patients with endometrial cancer. Gynecol Oncol. 
2003;90(1):150–7.

52. von Gruenigen VE, Courneya KS, Gibbons HE, Kavanagh MB, Waggoner 
SE, Lerner E. Feasibility and effectiveness of a lifestyle intervention program 
in obese endometrial cancer patients: A randomized trial. Gynecol Oncol. 
2008;109(1):19-26.

53. Dignam JJ, Wieand K, Johnson KA, Fisher B, Xu L, Mamounas EP. 
Obesity, tamoxifen use, and outcomes in women with estrogen receptor-
positive early-stage breast cancer. J Natl Cancer Inst. 2003;95(19):1467-76.

https://pubmed.ncbi.nlm.nih.gov/25678813/
https://pubmed.ncbi.nlm.nih.gov/12916817/
https://pubmed.ncbi.nlm.nih.gov/12916817/
https://pubmed.ncbi.nlm.nih.gov/18280327/
https://pubmed.ncbi.nlm.nih.gov/18280327/
https://pubmed.ncbi.nlm.nih.gov/18280327/
https://pubmed.ncbi.nlm.nih.gov/30867005/
https://pubmed.ncbi.nlm.nih.gov/30867005/
https://pubmed.ncbi.nlm.nih.gov/30867005/
https://pubmed.ncbi.nlm.nih.gov/20571870/
https://pubmed.ncbi.nlm.nih.gov/20571870/
https://pubmed.ncbi.nlm.nih.gov/20571870/
https://pubmed.ncbi.nlm.nih.gov/11641531/
https://pubmed.ncbi.nlm.nih.gov/11641531/
https://pubmed.ncbi.nlm.nih.gov/11641531/
https://pubmed.ncbi.nlm.nih.gov/18757320/
https://pubmed.ncbi.nlm.nih.gov/18757320/
https://pubmed.ncbi.nlm.nih.gov/11234459/
https://pubmed.ncbi.nlm.nih.gov/11234459/
https://www.ibge.gov.br/
https://www.ibge.gov.br/
https://pubmed.ncbi.nlm.nih.gov/25054269/
https://pubmed.ncbi.nlm.nih.gov/25054269/
https://pubmed.ncbi.nlm.nih.gov/25054269/
https://pubmed.ncbi.nlm.nih.gov/25054269/
https://pubmed.ncbi.nlm.nih.gov/24533234/
https://pubmed.ncbi.nlm.nih.gov/24533234/
https://pubmed.ncbi.nlm.nih.gov/24533234/
https://pubmed.ncbi.nlm.nih.gov/31380268/
https://pubmed.ncbi.nlm.nih.gov/31380268/
https://pubmed.ncbi.nlm.nih.gov/30919143/
https://pubmed.ncbi.nlm.nih.gov/30919143/
https://pubmed.ncbi.nlm.nih.gov/17487372/
https://pubmed.ncbi.nlm.nih.gov/17487372/
https://pubmed.ncbi.nlm.nih.gov/17487372/
https://www.nature.com/articles/s41523-019-0128-4
https://www.nature.com/articles/s41523-019-0128-4
https://www.nature.com/articles/s41523-019-0128-4
https://pubmed.ncbi.nlm.nih.gov/29161652/
https://pubmed.ncbi.nlm.nih.gov/29161652/
https://pubmed.ncbi.nlm.nih.gov/29161652/
https://pubmed.ncbi.nlm.nih.gov/27903149/
https://pubmed.ncbi.nlm.nih.gov/27903149/
https://pubmed.ncbi.nlm.nih.gov/30034522/
https://pubmed.ncbi.nlm.nih.gov/30034522/
https://pubmed.ncbi.nlm.nih.gov/30034522/
https://pubmed.ncbi.nlm.nih.gov/27909901/
https://pubmed.ncbi.nlm.nih.gov/27909901/
https://pubmed.ncbi.nlm.nih.gov/22562122/
https://pubmed.ncbi.nlm.nih.gov/22562122/
https://pubmed.ncbi.nlm.nih.gov/22562122/
https://pubmed.ncbi.nlm.nih.gov/26545405/
https://pubmed.ncbi.nlm.nih.gov/26545405/
https://pubmed.ncbi.nlm.nih.gov/26545405/
https://pubmed.ncbi.nlm.nih.gov/26545405/
https://breast-cancer-research.biomedcentral.com/articles/10.1186/s13058-015-0639-3
https://breast-cancer-research.biomedcentral.com/articles/10.1186/s13058-015-0639-3
https://breast-cancer-research.biomedcentral.com/articles/10.1186/s13058-015-0639-3
https://breast-cancer-research.biomedcentral.com/articles/10.1186/s13058-015-0639-3
https://pubmed.ncbi.nlm.nih.gov/25361993/
https://pubmed.ncbi.nlm.nih.gov/25361993/
https://pubmed.ncbi.nlm.nih.gov/25361993/
https://pubmed.ncbi.nlm.nih.gov/18347172/
https://pubmed.ncbi.nlm.nih.gov/18347172/
https://pubmed.ncbi.nlm.nih.gov/18347172/
https://pubmed.ncbi.nlm.nih.gov/26113580/
https://pubmed.ncbi.nlm.nih.gov/26113580/
https://pubmed.ncbi.nlm.nih.gov/26113580/
https://pubmed.ncbi.nlm.nih.gov/23953055/
https://pubmed.ncbi.nlm.nih.gov/23953055/
https://pubmed.ncbi.nlm.nih.gov/23953055/
https://pubmed.ncbi.nlm.nih.gov/23953055/
https://pubmed.ncbi.nlm.nih.gov/24769692/
https://pubmed.ncbi.nlm.nih.gov/24769692/
https://pubmed.ncbi.nlm.nih.gov/24769692/
https://pubmed.ncbi.nlm.nih.gov/24769692/
https://pubmed.ncbi.nlm.nih.gov/29855282/
https://pubmed.ncbi.nlm.nih.gov/29855282/
https://pubmed.ncbi.nlm.nih.gov/29855282/
https://pubmed.ncbi.nlm.nih.gov/14607804/
https://pubmed.ncbi.nlm.nih.gov/14607804/
https://pubmed.ncbi.nlm.nih.gov/14607804/
https://pubmed.ncbi.nlm.nih.gov/10870057/
https://pubmed.ncbi.nlm.nih.gov/10870057/
https://pubmed.ncbi.nlm.nih.gov/10870057/
https://pubmed.ncbi.nlm.nih.gov/10870057/
https://pubmed.ncbi.nlm.nih.gov/10870057/
https://pubmed.ncbi.nlm.nih.gov/11818488/
https://pubmed.ncbi.nlm.nih.gov/11818488/
https://pubmed.ncbi.nlm.nih.gov/10511593/
https://pubmed.ncbi.nlm.nih.gov/10511593/
https://pubmed.ncbi.nlm.nih.gov/10511593/
https://pubmed.ncbi.nlm.nih.gov/12821356/
https://pubmed.ncbi.nlm.nih.gov/12821356/
https://pubmed.ncbi.nlm.nih.gov/12821356/
https://pubmed.ncbi.nlm.nih.gov/12821356/
https://pubmed.ncbi.nlm.nih.gov/18243282/
https://pubmed.ncbi.nlm.nih.gov/18243282/
https://pubmed.ncbi.nlm.nih.gov/18243282/
https://pubmed.ncbi.nlm.nih.gov/18243282/
https://pubmed.ncbi.nlm.nih.gov/14519753/
https://pubmed.ncbi.nlm.nih.gov/14519753/
https://pubmed.ncbi.nlm.nih.gov/14519753/

	Title
	Abstract
	Introduction
	Methods
	Patients
	Data source
	Anthropometric measurement
	Data analysis

	Results
	Discussion
	Conclusion
	References
	Table 1
	Table 2
	Graph 1
	Graph 2

