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Risk factors for breast cancer

Singletary SE et al., Ann Surg 2003



• The risk of developing breast cancer increases with age.

• This correlation with age could be linked to the continuous progressive endocrine

proliferative stimulus that the mammary epithelium undergoes over the years, combined with

the progressive damage of DNA and the accumulation of epigenetic alterations with

alteration of the balance of expression between oncogenes and suppressor genes.

Age:

Lifetime risk:



• The incidence curve grows exponentially up to the years of menopause (around 50-55

years) and then slows down with a plateau after menopause, and then starts rising again after

60 years.

This specific trend is linked both to the woman's endocrinological history and to the presence and coverage of

the mammography screening program.

Breast cancer incidence (per 100,000) as a function of age

(Data derived from SEER Cancer Statistics Review, 2000)



Female gender:

• Breast cancer is mostly a female disease. 

• Men can develop cancer but this accounts for about 1% of all breast cancers. 

• Nearly 80% of breast cancers occur in women who have no other risk factors.

Race/Ethnicity:

• White women are slightly more likely to develop breast cancer than are African American women.

Asian, Hispanic and Native American women have a lower risk of developing and dying from

breast cancer.

• But African American women are more likely to develop more aggressive, more advanced-stage

breast cancer that is diagnosed at a young age.

• Some of these differences may be due to less access to mammography and lower quality medical

care, as well as various lifestyle patterns (eating habits and weight issues for example) that are

more common in some ethnic groups than in others.



Reproductive and hormonal factors:

• Early menarche (<12 years) [Brinton LA et al., JAMA 1983].

• Late menopause (>55 years) [Brinton LA et al., JAMA 1983].

• Late age of first pregnancy (after the age of 30) or nulliparity [Brinton LA et al., Br J Cancer 1983].

• No breast-feeding.

• Increased risk in women taking hormone replacement therapy during menopause, especially if

based on synthetic estroprogestinics with androgenic activity [Marjoribanks J et al., Cochrane Database

Syst Rev 2012; Beral V Lancet 2003; Chlebowski RT et al., NEJM 2009].

• Increased risk in women taking oral contraceptives [Epstein F et al., NEJM 2001]. A Danish

prospective cohort study showed that this risk was higher also among women who currently or

recently used contemporary hormonal contraceptives than among women who had never used

hormonal contraceptives, although absolute increase in risk was small [MØrch LS et al., NEJM 2017].



Prior history of neoplastic disease or hyperplasia in 

the breast:

• Individuals who have a prior history of invasive carcinoma, carcinoma in situ or atypical

hyperplasia in the breast can have a significantly increased risk for the future development of

invasive breast carcinoma.

• The average annual incidence of second cancers in patients with primary invasive breast

cancer was found of 0.7%-0.8% per year [Hankey BG et al., J Natl Cancer Inst 1983; Rosen PP et a.,

Surgery 1989].

• A diagnosis of ductal carcinoma in situ is associated with an annual incidence of 1.9% and a

relative risk of 17.3 in invasive breast carcinoma [Page DL et al., Cancer 1982]; whereas a previous

diagnosis of lobular carcinoma in situ is linked to an approximate annual incidence rate of 1.8%

and a relative risk of 16.4 compared with individuals having no prior history of LCIS [Stybo TM et

al., Surg Oncol 1999].



• Atypical hyperplasia is a high-risk benign lesion that is found in approximately 10% of biopsies

with benign findings.

• In studies with long-term follow-up, atypical hyperplasia has been shown to confer a relative

risk for future breast cancer of 4.

Hartmann LC S et al., NEJM 2015

Cumulative incidence of breast cancer after diagnosis of atypical hyperplasia

according to the number of foci



Family history:

One first-degree female relative

Two first-degree female relatives



• While about 15-20% of women diagnosed with breast cancer have a family history of breast

cancer, only about 5-10% of breast cancer cases are caused by inherited gene mutations.

BRCA1 and BRCA2 mutations are the most common.

Hereditary:

Lifetime breast 

cancer risk

Median age of 

breast cancer  

(years)

General 

population

12% 61

BRCA1 65% 43

BRCA2 45% 41

Chen S et al., JCO 2007



Other hereditary factors:

Melchor L et al., Hum Genet 2013 



Radiation exposure:

• The risk of breast cancer is increased in women receiving radiation therapy to the chest area 

for the treatment of Hodgkin’s lymphoma, especially in women treated from the time of 

puberty to the age of 30.

• A long latency period (approximately 15 years), but the resulting cancers still often occur in

women who have not yet begun regular mammographic screening.

• A review of 17 published studies examining the incidence of breast cancer in Hodgkin’s

disease survivors showed a median relative risk of 5.2 (range 1.4–33) in breast cancer

incidence at an average latency period of 14 years (range 5–15.1).

Clemons M et al., Cancer Treat Rev 2000 



2015 ASCO Educational Book

Lifestyle and brest cancer prevention

• Recent expert reports estimate that successful lifestyle changes prevent 25% to 30% of cases of breast cancer.

• The World Cancer Research Fund (WCRF) (2007) and the American Cancer Society (ACS) (2012) have carried out

a review of all lifestyle and cancer studies. Of the factors analyzed, the most solidly associated with a greater risk of

cancer (including breast cancer) is obesity.



Overweight, obesity, and weight gain:

• Excess body weight causes a higher risk of developing breast cancer and it can act through both hormonal

and metabolic mechanisms of action [Tretli S. et al., Int J Cancer 1989].

- The adipose tissue represents the body’smain source of synthesis of circulating estrogen hormones after menopause, when the ovaries stop producing the

hormone, with consequent excessive hormonal stimulation on the mammary gland and increased breast cancer risk [Clemons M et al,. NEJM 2001].

- Moreover, several studies suggest that high BMI is associated with increased levels of insulin and insulin-like growth factors, which have been

associated with increased risk of breast cancer [Singletary SE et al., Ann Surg 2003].



A prospectively studied population of more than 900,000 US adults (404,576 men and 495,477 women) who

were free of cancer (women with median average of 57 years); 16-years follow-up.

Calle E et al., NEJM 2003
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• Compared to normal weight women, the risk of death from postmenopausal breast cancer

grows progressively with increasing BMI, doubling in women with severe obesity (BMI >40).

Body Mass Index

Mortality from breast cancer according to BMI



• The association between overweight/obesity and risk of breast cancer is stronger for

postmenopausal women.

• While in premenopausal metabolic factors can interfere with ovarian function by reducing

hormonal stimuli («obesity paradox»), in postmenopausal, metabolic and hormonal factors

increase and add up, leading to a higher risk of breast cancer [Trestini I et al., Eating and Weight

Disorders 2018]. Moreover, accumulation of body fat in this age group is usually abdominal and

abdominal obesity is strongly associated with hyperinsulinemia, a risk factor for breast cancer

[Stoll BA et al. Cancer Detect Prev 1999].

• These gains are also associated with large increases in the risk for diabetes (12-fold) and CVD 

(threefold)  metabolic syndrome [Colditz GA et al.,, Ann Intern Med 1995; Willett WC et al., JAMA 1995].

Obesity and menopausal state



Eliassen AH et al.,  JAMA 2006

• Compared with weight maintenance, women who gained 10 kg or more since menopause were at an increased risk of

breast cancer (RR 1.18; 95% CI, 1.03-1.35; p=0.002 for trend).

• Whereas those who have a 10% weight loss after menopause had a 50% reduction in risk of breast cancer compared

with weight-stable women (%% 0.43; 95% CI 0.21-0.86; p=0.04 for weight loss trend).

Relative RR of postmenopausal breast cancer according to weight change since menopause 



• A multi-center prospective cohort study designed to investigate the association between weight change in

middle adulthood (ie, women aged 40-50 years) and the risk of breast cancer before and after the age of 50.

• 205,723 women were included and 4,663 incident breast cancer cases were diagnosed during a median follow-

up of 7.5 years (from second weight assessment onward).

• The outcome of interest was first incident of primary invasive breast cancer diagnosed after the second weight

assessment.

• High weight gain in middle adulthood is positively associated with a slightly but statistically significant higher

breast cancer risk.

Emaus MJ et al.,  IJC 2014



• A meta-analysis including nine articles has been conducted to assess the association between adult weight

gain and postmenopausal breast cancer risk by ER and PR status.

• The association between adult weight gain and postmenopausal breast cancer risk is heterogeneous

according to ER/PR status (P for heterogeneity= 0.002) and stronger for ER and PR-positive than for ER

and PR-negative tumors.

Obesity and hormonal receptor status

Association between adult weight gain and ER and PR-positive (left)/ER and PR-negative (right) breast cancer risk

Vrieling A et al.,  Br Cancer Res Treat 2010 



Physical activity:

Potential anticancer effects of physical activity include:

• ↓ endogenous sex hormone concentrations

• ↓ insuline resistance

• ↓ chronic low-grade inflammation

• ↓ body weight

• ↓ LDL cholesterol and triglycerides

• ↑ HDL cholesterol

• ↓ oxidative stress

• ↑ immune system



• Several studies indicate that regular physical activity reduces risk of breast cancer.

• This association has been observed for both premenopausal and postmenopausal breast

cancer and for both ER-positive and ER-negative cancers.

Ballard-Barbash R et al., JNCI 2012

• It is important to note how this benefit is achieved through moderate but regular physical

activity  the American College of Sports Medicine recommends a total of 150 minutes per

week of moderate cardiorespiratory exercise to reduce all-cause mortality [Garber CE et al., Med Sci

Sports Exerc 2011].



• A total of 31 prospective studies with 63,786 breast

cancer cases were included.

• Physical activity is significantly associated

with reduced risk of breast cancer, with an

estimated 3% reduction in risk reduction

for every additional 180 minutes of

moderate intensity exerecise per week.

• The inverse association between physical activity

and breast cancer risk was consistent among all

subgroups analyses.

Wu Y et al., Breast Cancer Res Treat 2013



Dietary factors:

• A Mediterranean dietary pattern rich in vegetables, fruits, whole grains, fish and extra-

virgin olive oil and low in animal products and refined carbohydrated has been associated

with a decreased risk of breast cancer [Albuquerque RC et al., Nutr Rev 2014].

• Moreover, some evidence show that adherence to a Mediterranean diet was related to a

modest reduced risk of breast cancer in postmenopausal women, with a reduction in the risk

of breast cancer by 6% overall and by 7% in postmenopausal women [Buckland G et al., Int J

Cancer 2012; Cottet V et al., Am J Epidemiol 2009; Fung TT et al. J Nutr 2006].



Toledo E et al., JAMA 2015

Mediterranean diet and invasive breast cancer risk in the PREDIMED trial

• A RCT to evaluate the effect of 2 interventions with Mediterranean diet vs the advice to follow a low-fat diet (control) on BC incidence.

• From 2003 to 2009, 4282 women aged 60 to 80 years.

• After a median follow-up of 4.8 years, 35 confirmed incident cases of breast cancer were identified.

• Women allocated to the MeDiet+EVOO showed a 62% relatively lower risk of malignant breast cancer than those

allocated to the control diet (95% CI, 0.16-0.87)  a beneficial effect of a Mediterranean diet supplemented with extra-

virgin olive oil in the primary prevention of breast cancer.

Incidence of Invasive Breast Cancer, According to the Intervention Group



Fruit and vegetables

• Several evidences showed that a diet rich in fruits and, mostly, vegetables have an effect on

breast cancer risk reduction [Emaus MJ et al., Am J Clin Nutr 2016; Jung S et al., JNCI 2013].

• The World Cancer Research Fund (WCRF) recommends eating 400-600 gr of vegetables and

fruits per day to help prevent breast cancer.

• Notably, this association is stronger for oestrogen receptor negative breast cancer  inverse

correlation between carotenoids and oestrogen receptor negative beast cancer [Eliassen AH J Natl

Cancer Inst 2012].



Aune D. et al,  Ann Oncol 2012

Fiber

• Recent sistematic reviews and meta-analysis of prospective studies have linked fiber intake with

a lower risk of breast cancer, with a 5% risk reduction for every additional 10 gr of fiber

per day.

• Fiber may reduce risk by reducing the reabsorption of estrogen and androgens in the bowel and

hence their circulating levels.

• Soluble fiber appears to be the most protective, possible through its beneficial effects on insulin

sensitiivity.



Meat, fish and dairy foods

• A high dietary intake of saturated fat has been associated with an increased risk of oestrogen receptor

positive disease [Sieri S et al., J Natl Cance Inst 2014]. Women with a higher consuption of meat are at slightly

increased risk of breast cancer: each additional 100 gr of red meat per day increases risk by 4% (RR 1.04) and

each additional 30 gr of processed meat per day increases the rik by 3% (RR 1.03) [Alexander DD et al., Nutr Res

Rev 2010].

• Nutritive principles of fish [marine omega-3 fats, eicosapentaenoic acid (EPA) and docosahexaenoic acid

(DHA)] are associated with reduced breast cancer risk. Each additional 0.7 gr of marine omega-3

polynsaturated fat per week reduces risk by 5% [Zheng JS et al., BMJ 2013].

• Dairy foods are perceived to be a cause of breast cancer by many populist websites and patient advocacy

groups, but this idea concerns is not supported by evidence. A recent meta-analyses found a 16% lower rate of

breast cancer among high (3 servings/day) versus low (1 serving/day) dairy consumers. Risk reduction ma be

related to the content of calcium, conjugated linoleic acids or vitamin D [Dong JY et al., Breast Cancer Res Treat 2011].



• Eight out of 10 breast cancers are estrogen

dependent.

• Soy foods contain isoflavones, which have

weak estrogenic effect and anti-carcinogenic

properties.

Dong JY, et al. Breast Cancer Res Treat. 2011

• Meta-analysis summarized 14 studies involving 369,934 participants and 5,828 cases of breast cancer.

• Soy isoflavones intake is associated with a significant risk of breast cancer incidence

(RR = 0.89, 95% CI: 0.79-0.99).

• This effect was mainly seen within Asian, but not in Western populations!!!!

Soy foods and isoflavones

Protective or risk effect?



Alcohol: 

• WCRF recommends a maximum alcohol consumption equivalent of 10 gr of ethanol per

day to reduce the breast cancer risk.

• Several studies showed that alcohol consumption above this threshold is strongly correlated

with an increased breast cancer incidence in women. In fact, every additional 10 g of ethanol

daily is estimated to increase risk by 2% to 12% [Smith-Warner SA et al., JAMA 1998; Zhang SM et al.,

Am J Epidemiol 2007; Hamajima N et al., Br J Cancer 2002].

• The increased risk is thought to be related to acetaldehyde-induced DNA strand deletions,

chromosomal aberrations and DNA adducts, but also to downregulation of the tumor

suppressor gene BRCA1 and increased estrogen and prolactin receptor activity.

• Alcohol increases risk of breast cancer among both pre and postmenopausal women and for

both ER-positive and ER-negative disease.



Smoking:

• Current evidence was highly suggestive (but not sufficient) to infer a causal relationship

between active or passive smoking and breast cancer incidence [Reynolds P et al., J Mammary

gland Biol Neoplasia 2013].

• Smoking appears to have more consistent links with premenopausal breast cancer but has

also been linked to postmenopausal breast cancer [Reynolds P et al., J Mammary gland Biol Neoplasia

2013; Glantz SA et al., Cancer Epidemiol Biomarkers Prev 2014].

• The effect of smoking appears to be mainly linked to ER-positive cancers and among

individuals with polymorphisms in genes involved in the metabolism of tobacco products, such

as NAT2, although the current evidence is equivocal [Reynolds P et al., J Mammary gland Biol Neoplasia

2013].



Models for assessing breast cancer risk:

• Gail Model

• Claus Model

• Cuzick-Tyrer Model

• BRCAPRO

• BOADICEA

Microarray technology for developing a molecular portrait of genetic interactions to determine 

an individual’s risk for breast cancer. 



Thank you for attention!

alessandra.modena@sacrocuore.it


