
193

REVISTA DE INVESTIGACIÓN CLÍNICA

Contents available at PubMed
www.clinicalandtranslationalinvestigation.com

REVISTA DE INVESTIGACIÓN CLÍNICA

Rev Inves Clin. 2017;69:193-203 IN-DEPTH REVIEW

The Role of Diet, Physical Activity, Body 
Fatness, and Breastfeeding in Breast 

Cancer in Young Women: Epidemiological 
Evidence

I. Isabelle Romieu1,2*, A. Amadou3 and V. Chajes4

1Center of Research on Population Health, National Institute of Public Health, Cuernavaca, Mor., Mexico; 2Hubert 
Department of Global Health, Emory University, Atlanta, Georgia, USA; 3Molecular Pathology of Cancers and Biomarkers 
Group, Institute for Advanced Biosciences, University Grenoble Alpes, France; 4International Agency for Research on 
Cancer, Lyon, France

ABSTRACT
The incidence of breast cancer (BC) is rising worldwide, with an increase in aggressive neoplasias in young women. Traditionally, 
BC in young women has been thought to be etiologically driven, primarily by genetic/hereditary factors. However, these factors 
explain only a small proportion of BCs, pointing to a role of the environment. Suspected factors responsible for this increase include 
lifestyle changes, notably alcohol consumption, diet with high intake of refined carbohydrates and saturated fat and low intake of 
polyunsaturated fatty acids (PUFA), fiber and vitamins (such as folate, vitamin D, and carotenoids), low physical activity, and body 
fatness, all of which may act from childhood and adolescent years through adulthood. Despite limited data on BC in young women, 
evidence points to the importance of a healthy lifestyle, including high intake of vegetables, fruits, legumes, fish, and poultry, low 
intake of sugar and fat, daily physical activity, low alcohol consumption, steady weight, and breastfeeding in preventing BC in 
young women. Preventive efforts should begin in early life to provide important benefits much later in life by shifting the long-term 
trajectory of risk accumulation. Data from Latin America and developing regions are still sparse. There is a need to harmonize 
studies in a global effort to fight the rise of BC incidence in low- and middle-income countries, where the nutritional transition is 
occurring rapidly. The stratification of BC by specific tumor characteristics needs to be considered since risk factors may be more 
particularly associated with the promotion of, or protection from, a defined type of BC.
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INTRODUCTION

Occurrence and definition

Breast cancer (BC) is the second most common cancer 
worldwide, and by far the most frequent cancer among 
women, with an estimated 1.67 million new cancer 
cases diagnosed in 2012 (25% of all cancers)1. Of these 
cancers, it is estimated that one-third occurs before age 
50. This proportion varies according to geographic areas 

and socioeconomic status. In less developed countries, 
more than 20% of BC cases occur in women aged < 
45 years, while in developed countries, the correspond-
ing figure is only 12%. For example, in Latin America, the 
proportion of incident cases among women < 45 years 
is close to 20%, with some variation between countries, 
from 7% in Uruguay to 23% in Bolivia; while in North 
America and the European Union, this proportion is 
close to 7%, contrasting with sub-Saharan Africa and 
Asia (India), where the proportion approximates 23%2.
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BC is a heterogeneous disease. The presence or 
absence of estrogen and/or progesterone receptor 
(ER, PR) expression and the molecular pathological 
characteristics are essential to predict tumor clinical 
behavior and response to treatment modalities3. Five 
major BC subtypes have been identified: luminal A, 
luminal B, normal-cell like, human epidermal growth 
factor receptor-2 (HER2) overexpressing, and basal-
cell-like, which are routinely identified using a set of 
five immunohistochemistry biomarkers: ER, PR, HER2, 
epidermal growth factor receptor, and cytokeratins 
5/63. BC in young women has aggressive biological 
characteristics, in particular, a high proportion of tri-
ple-negative (TN) and HER2-positive cancers, and 
an elevated risk of local recurrence and contralateral 
BC4. In addition, BC among young women tends to 
be diagnosed at advanced stages, resulting in poorer 
outcomes than BC in older premenopausal and post-
menopausal women5, and with higher mortality rates 
compared to older women4,6.

Traditionally, BC in young women has been thought to 
be primarily etiologically driven by genetic/hereditary 
factors4. However, although it is more likely associ-
ated with increased familial risk, only a relatively small 
proportion of cases (10%) is attributable to inherited 
germline variations in the known familial BC risk genes 
(BRCA1/BRCA2)7, particularly in those women with a 
very strong family history of breast or ovarian cancer7. 
Other genomic factors, including mutations in tumor 
suppressor and oncogenes, copy number variation, 
and epigenetics, are likely implicated in cancer initia-
tion and progression among young women. However, 
these alterations do not fully explain the carcinogene-
sis and subsequent progression among young women8.

Given the magnitude of the problem of BC in young 
women and the growing epidemic in less developed 
countries, it is of major importance to evaluate the 
role of modifiable risk factors. Because of the incon-
sistency in the definition of “young women” in breast 
oncology, where most articles refer to women under 
35, 40, and 45  years or premenopausal as “young,” 
our definition of “young” will be inclusive using updated 
information on risk factors among women < 45 years 
old or premenopausal women.

MATERIALS AND METHODS

To review the epidemiologic literature regarding the 
association of diet, physical activity, body fatness, 

and breastfeeding with BC in young women, we con-
ducted a MEDLINE and PubMed search, including all 
publications, using diet, dietary intake, fatty acids, 
carbohydrate, glycemic index (GI), glycemic load 
(GL), B-vitamins, folate, vitamin D, carotenoids, soy, 
fiber, alcohol consumption, dietary patterns, physi-
cal activity, body fatness, height, weight, body mass 
index (BMI), waist circumference (WC), hip circumfer-
ence, waist-to-hip ratio (WHR), healthy lifestyle index, 
breastfeeding, early life, adolescence, premenopausal 
BC, BC in young women, case–control and cohort stud-
ies, Latin America and Mexico as keywords. We then 
examined the references from the identified articles, 
previous review and meta-analyses focusing specifi-
cally on BC in young women or premenopausal BC. Our 
review includes most recent references on the asso-
ciation between diet, physical activity, body fatness, 
and breastfeeding and BC in young/premenopausal 
women, with an additional focus on early life factors.

RESULTS

Several subtypes of BC have been identified as poten-
tially related to specific risk factors. However, only 
recently have studies focused on BC subtypes, in part 
because of sample size limitation for tumors with 
lower frequency.

The large body of literature on nutrition and BC has 
been reviewed by an international panel gathered 
by the World Cancer Research Fund (WCRF), and 
this has been updated in 20109. Among risk factors 
related to BC in premenopausal women, only alcohol 
consumption has been strongly linked (strong evi-
dence/probable) to an increase in BC. Body fatness, 
lactation and vigorous physical activity have also been  
strongly linked (strong evidence/probable) to a pro-
tective effect. The evidence that adult attained height 
is linked to BC has been rated as convincing (strong 
evidence/convincing) while greater birth weight to a 
probable (strong evidence/ probable) increased risk 
(Table 1). However, most of the studies reviewed 
were conducted in high-income countries, and data 
were in several cases insufficient to analyze the dif-
ferent subtypes of BC. In the following part of this 
paper, we review the recent literature associated to 
BC risk related to diet, physical activity, body fatness, 
and breastfeeding; we present results of studies con-
ducted in Latin America; we emphasize the role of 
early life exposure.
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Early life exposure

Early life, childhood, and adolescence appear to be 
important periods for exposure to BC risk because the 
breast has not yet completed cell differentiation. The 
US Institute of Medicine calls for priority research to 
include childhood and the critical window from men-
arche to first pregnancy to better guide future primary 
prevention strategies10. Higher peak height growth 
velocity and early age at menarche each increase the 
risk of premenopausal BC11.

Behavioral factors such as adolescent physical activ-
ity, alcohol consumption, and dietary intake are also 
important. Women who are active during childhood, 
adolescence, and young adulthood may have a lower 
risk of premenopausal BC9,12,13. The average reduction 
in BC risk associated with physical activity at different 
ages has been estimated to be 16% for adolescence, 
8% for early adulthood, 15% for middle adulthood, 
and 17% for women aged 50 years14.

Adolescent alcohol consumption has been directly 
related to the risk of premalignant and invasive BC 
in prospective cohort studies. In the Nurses’ Health 
Study II (NHS II), alcohol consumption between men-
arche and first full-time pregnancy (FFTP), adjusting 
for alcohol consumption after first pregnancy, was 
associated with an 11% increased risk for BC and a 

16% increase for benign breast diseases per 10 g of 
alcohol/day (one drink)15. In addition, a stronger effect 
was observed with a binge drinking pattern16. In the 
European Prospective Investigation into Cancer and 
Nutrition (EPIC), alcohol intake was associated with 
both pre- and post-menopausal cancer. However, BC 
risk was stronger among women who started drink-
ing before FFTP. An increase of 10  g of alcohol/day 
was related to an 8% (95% confidence interval [CI]: 
2-14) increased the risk of ER− tumors in women who 
start drinking before FFTP, while no association could 
be detected among women who start drinking after 
FFTP17.

The evidence on the contribution to BC risk of child-
hood and adolescent dietary exposure is less docu-
mented. Soy intake, particularly in childhood, has been 
related to a lower risk of BC18. Data from the NHS II19 
suggest that meat intake and fatty diet during adoles-
cence are related with an increase of premenopausal 
BC20,21. A  significant linear association was observed 
with every additional 100  g of red meat consumed 
per day during high school (20% increase in risk; 95% 
CI: 0-43). In addition, fat intake in the highest quintile 
(142  g/day) was associated with a 35% increase in 
risk when compared to fat intake in the lowest quin-
tile (105 g/day) (95% CI: 0-81). Fiber intake during 
adolescence was also related to the risk of BC; women 

Table 1. Risk factors of Breast Cancer in young women

Evidence Food, nutrition, physical activity and breast cancer (Premenopause) 

Decreases risk Increases risk

Strong evidence
Convincing Adult attained height*
Probable Vigorous physical activity

Body fatness
Lactation

Alcoholic drinks greater birth weight

Limited evidence
Limited – suggestive Non-starchy vegetables†

Dairy products
Food containing carotenoids‡

Diet high in calcium
Physical activity**

Limited – no conclusion Dietary fibre; non-starchy vegetables (ER+ BC) and fruits; pulses (legumes) soya and soya 
products; meat (red and processed); fish; poultry; eggs; fat and oils; total fat; vegetable 
fat; fatty acid composition; sugar; glycaemic index; folate; vitamin B6, vitamin B12, vitamin 
D; vitamin C; vitamin E; calcium supplements; iron; phytoestrogens; dietary patterns; adult 
weight gain; sedentary behaviour, energy intake

Substantial effect on risk 
unlikely

*Adult attained height is unlikely directly to modify the risk of cancer. It is a marker for genetic, environmental, hormonal, and 
also nutritional factors affecting growth during the period from preconception to completion of linear growth. †Evidence for an 
effect in ER- breast cancer only. ‡Evidence stronger in ER- breast cancer. **Physical activity of all types: occupational, household, 
transport and recreational Adapted from the World Cancer Research Fund/American Institute for Cancer Research9.
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in the highest quintiles (24 g/day) had 23% less risk 
of BC than women in the first quintile (12.2  g/day) 
(95% CI: −44 to −10). Regarding dietary patterns, a 
marginal inverse association was observed between a 
“prudent” dietary pattern, characterized by high intake 
of vegetables, fruits, legumes, fish and poultry, and 
premenopausal BC. Women in the fifth quintile had a 
16% lower risk of premenopausal BC compared with 
the first quintile (95% CI: −23 to 4). Scoring higher 
on the Alternative Healthy Eating Index, a measure 
of diet quality that assesses conformance to dietary 
guidelines for Americans, including information on 
unsaturated fat22, was inversely associated with pre-
menopausal BC and this association appeared to be 
stronger for ER−/PR− tumors. An overall healthy diet 
during adolescence, similar to the prudent dietary pat-
tern, or adherence to the Alternative Healthy Eating 
Index may contribute to reduce the risk of BC23. In 
addition to reducing the risk of early cancers, preven-
tion efforts that begin in early life may also provide 
important benefits much later in life by shifting the 
long-term trajectory of risk accumulation24.

Body fatness

Higher adiposity in childhood and adolescence has 
been inversely associated with premenopausal BC, in 
both hormone receptor-positive and hormone recep-
tor-negative. In addition, larger recalled body size in 
childhood and adolescence is inversely associated with 
subsequent BC risk, independently of current body 
size25,26. However, there is no clear explanation for this 
observation.

Diet, physical activity, and body fatness 
in early adulthood

Diet
A role for some specific nutrients in BC etiology has 
been suggested, based on associations reported in epi-
demiological studies and further supported by a bio-
logical plausibility, related to antioxidant properties of 
selected nutrients, influence on epigenetic processes, 
DNA repair, DNA adducts, inflammation, regulation 
of gene expression, stimulation of growth factors, or 
impact on circulating levels of endogenous hormones. 
Energy balance, the interplay of caloric intake, physical 
activity, BMI, and metabolic rate are other important 
factors that may impact BC development27.

Fatty acids
Some epidemiological studies indicate that rather than 
total fat intake, subtypes of fatty acids could be more 
determinant and diversely affect BC risk. However, 
most analyses have focused on postmenopausal 
women28. Data on premenopausal BC are still sparse.

A potential link between dietary fat and BC has been 
a focus of intense research; however, overall findings 
to date are conflicting29-31. A  high dietary intake of 
cis-monounsaturated fat, such as olive oil32 or long-
chain n-3 PUFAs from marine sources (fatty fish such 
as salmon, sardine, and mackerel)28 may reduce the 
BC risk. Conversely, a positive association has been 
reported between dietary intake of saturated fatty 
acids (SFA), such as butter and fat in meat and ER+ 
BC33. However, overall data on specific fatty acids are 
still discrepant. Epidemiological data on biomarkers of 
exposure to fatty acids and BC risk are also limited. 
Meta-analyses of prospective and case–control stud-
ies have suggested a protective effect of n-3 PUFA on 
BC risk28, while some SFA and monounsaturated fats 
have been associated with an increased risk of BC34. 
One prospective study showed a significant associ-
ation between high blood levels of industrial trans-
fatty acids, found in industrially processed foods, and 
increased risk of BC35. However, in general, prospective 
studies have not shown clear associations between 
patterns of fatty acids and risk of BC, overall and by 
hormonal receptor status36. More epidemiological pro-
spective studies that integrate reliable biomarkers of 
exposure to fatty acids are needed to investigate fur-
ther the contribution of different types of fatty acids 
to the etiology of BC, overall and by hormone receptor 
subtypes.

Due to their suspected preventive effect on BC, n-3 
PUFA may be a good target for nutritional prevention 
of BC; however, little is known regarding the relation-
ship between n-3 PUFA intake and BC risk among 
young women in less developed countries. In a popula-
tion-based case–control study conducted in Mexico, a 
decreased risk of BC was significantly associated with 
increasing n-3 PUFA intake and the ratio of N-3/N-6 
PUFA in premenopausal women. This effect was pres-
ent in obese women, but not in normal weight or over-
weight women37. These data suggested that obesity 
status may affect the association between n-3 PUFA 
intake and BC risk. In addition, the underlying mecha-
nisms may be related to decreased inflammation and 
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improved adipokine and estrogen levels induced by n-3 
PUFA in adipose tissue in obese women.

Carbohydrates, GI, and GL
Carbohydrates and carbohydrate quality could poten-
tially influence BC risk by affecting insulin resistance 
and plasma levels of insulin and glucose38.

Many factors influence how rapidly carbohydrates 
are digested and absorbed and hence what their gly-
cemic and insulinemic effects will be39. Refined carbo-
hydrate, such as pure sugar, is rapidly absorbed. This 
physiological response of carbohydrates can be quan-
tified by the GI, which compares the plasma glucose 
response to specific foods with that induced by the 
same amount of a standard carbohydrate source, usu-
ally white bread or pure glucose40. The GI is, therefore, 
a measure of carbohydrate quality. However, both the 
quality and quantity of dietary carbohydrates need to 
be considered in relation to metabolic effects; the GL 
of a specific food, calculated as the product of GI and 
the amount of dietary carbohydrates in a food item, 
has been proposed as a global indicator of the glucose 
response and insulin demand induced by a serving of 
food41.

A recent meta-analysis of prospective studies 
reported a significant positive association between GI 
and BC risk. In subgroup analyses by menopausal sta-
tus, the pooled relative risk (RR) was 1.05  (95% CI: 
0.83-1.33) for GI and 1.28  (95% CI: 0.94-1.75) for 
GL among premenopausal women42. Supporting this 
hypothesis, data from Mexico, where carbohydrates 
account for close to 64% of caloric intake for the pop-
ulation, showed a strong positive association between 
carbohydrate intake as well as GL and BC among pre-
menopausal women43. High intake of refined carbo-
hydrates may have stronger associations with BC risk 
in populations genetically susceptible to insulin resis-
tance, such as in Mexico, particularly when combined 
with obesity and physical inactivity44.

B vitamins, folate
Folate, originating mainly from green leafy vegetables 
and fruits, is an important B vitamin required for DNA 
synthesis, and it is also involved in the methionine 
metabolic pathway, which is crucial for DNA methyl-
ation. Thus, one-carbon metabolism can impact both 
genetic and epigenetic procarcinogenic processes, 
and these biological roles potentially make folate 

and other related B vitamins significant in cancer 
prevention45.

The associations between B vitamins and BC have 
been extensively studied in high-income countries, 
and the associations are complex. Epidemiological 
studies of the association between folate intake, 
estimated through questionnaires, and BC risk have 
provided mixed results46. Protective effects have 
been observed in populations with low folate status, 
in which vitamin supplementation is infrequent47, or 
in women with increased risk for BC because of high 
alcohol intake. In the EPIC study, a 14% reduction in 
BC risk was observed when comparing the highest 
with the lowest dietary folate tertiles in women hav-
ing a high (> 12 alcoholic drinks/week) alcohol intake 
(95% CI: −25 to −2)48. However, in a further analysis 
based on folate plasma levels, overall, folate and vita-
min B12 status were not clearly associated with pre-
menopausal BC risk49. The risk did seem to increase 
somewhat for women who had higher vitamin B12 
levels and either low plasma folate or increased alco-
hol consumption. This may involve nutrient-nutrient 
or gene-nutrient interactions, such as changes in DNA 
methylation, which require further investigation49. As 
for other dietary components, additional factors may 
impact the relationship between folate intake and 
BC risk, such as alcohol intake and polymorphisms in 
methylenetetrahydrofolate reductase, which codes 
for a key one-carbon metabolizing protein. Further, 
the impact of folate may be related with the tumor 
type.

Data from the National Mexican Health Survey show 
that folate intake in Mexican women is low as well as 
folate blood level50. In a population-based, case–con-
trol study conducted in Mexico, folate and vitamin B6 
were not significantly related to premenopausal BC 
(odds ratio [OR]: 0.73 [95% CI: 0.46-1.27] and 0.76 
[95% CI: 0.46-0.99], respectively); however, vita-
min B12 was inversely related to BC (OR: 0.54; 95% 
CI: 0.29-0.99)47.

Vitamin D
Vitamin D is important in many physiological pro-
cesses. Vitamin D is predominantly synthesized in 
the skin from cholesterol through exposure to ultra-
violet B radiation, and deficiency because of low sun-
light is not easily corrected by dietary intake alone in 
the absence of supplementation. A  growing body of 
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research currently supports vitamin D deficiency as 
a risk factor for BC51. The protective effects of vita-
min D have been shown to function mainly through 
the vitamin D receptor present in breast cells. Some 
studies have suggested that the effect of vitamin D 
in the breast might result from its effect on the insu-
lin growth factor signaling pathway52. However, epi-
demiological studies have had inconsistent results. 
In a recent large meta-analysis, the pooled RR of BC 
for the highest (>  500 IU/day, mean) versus lowest 
categories of vitamin D intake (< 148 IU/day, mean) 
was 0.95 (95% CI: 0.88-1.01), with no significant het-
erogeneity among the studies. The pooled RR of BC 
for the highest (> 31 ng/ml, mean) versus lowest cat-
egories of 25-hydroxy vitamin D levels (< 18 ng/ml, 
mean) provided similar results53. In addition, a recent 
review and meta-analysis of randomized controlled 
trials suggested that vitamin D supplementation was 
not associated with a reduced risk of BC54.

In contrast, among premenopausal Mexican women, 
a population with vitamin D deficiency, the protective 
effect of vitamin D was observed. Mexican women 
with serum vitamin D levels < 20  ng/ml (defined as 
cutoff value for deficiency) had a higher risk of BC than 
women with a level > 20 ng/ml. In addition, a significant 
inverse dose-response was observed at higher levels of 
vitamin D associated with lower risk of BC55. Similarly, 
higher serum levels of vitamin D (> 27.3 ng/ml) were 
significantly inversely associated with lower percent 
mammographic density among young Mexican women 
with BMI < 27 kg/m2 (median value), suggesting that 
some groups of women may benefit from  vitamin  D 
supplementation56. Further research is needed to 
determine the amount of vitamin D necessary to 
achieve a protective benefit against BC.

Carotenoids
A systematic review and meta-analysis of prospective 
studies of dietary intake and blood concentrations 
of carotenoids and BC risk reported stronger asso-
ciations with blood concentrations than with dietary 
estimates, probably because the measurement error 
in the dietary assessment of carotenoid intake from 
fruit (such as mango, orange, tangerine, melon, and 
papaya) and vegetables (such as carrots, pumpkin, 
tomato, kale, and sweet potato) may have attenuated 
associations with BC risk57. Of the six dietary carot-
enoids assessed, only intake of β-carotene was signifi-
cantly associated with a reduced BC risk. In contrast, 

blood concentrations of total carotenoids, β-carotene, 
α-carotene, and lutein were inversely associated with 
BC risk. However, no specific estimation was pro-
vided for premenopausal BC risk. In a recent report, 
an inverse association between plasma carotenoids 
and risk of premalignant breast diseases was found in 
younger women, consistent with inverse associations 
reported for invasive BC11. Carotenoids may play a role 
in BC early development. The relative levels of the dif-
ferent types of carotenoids are important to take into 
account as well as a potential influence from other life-
style factors58.

Soy
Soy foods and soy products are rich in phytoestro-
gens, naturally occurring hormone-like compounds 
with weak estrogenic effects. Despite inconsistencies 
in the available data, an inverse association between 
soy food consumption and BC is likely59. However, it 
seems that this association is more obvious in Asian 
populations where the consumption of soy is higher 
than in Western populations59. In a recent meta-anal-
ysis, no effect was observed among premenopausal 
BC. In addition, soy consumption during childhood and 
adolescence might be the most relevant period, and 
only studies in Asian populations have evaluated this 
association18. Thus, the impact of soy foods and soy 
products may depend on genetics, prior soy intake, 
timing of exposure, and level of soy intake.

Fiber
The WCRF review panel concluded that there is an 
insufficient level of evidence for the association 
between dietary fiber and BC risk9. A  systematic 
review and meta-analysis of prospective studies in 
high-income countries showed a significant inverse 
association between dietary fiber intake and risk of 
BC60. The estimate suggested a decrease of 5% in the 
risk of BC per 10 g/day (95% CI: −9 to −2). Dietary 
fiber source may be important since a recent prospec-
tive study showed that BC risk was inversely associ-
ated with intakes of dietary fiber from vegetables, 
but not with fiber from fruit, cereals, or other dietary 
sources61. Fiber intake has also been linked to play-
ing a role in modulating the adverse effect of alcohol 
consumption for fiber from vegetable sources62. It 
is unclear what specific biological mechanisms may 
underlie observed differences in associations of vege-
table versus fruit and cereal fibers with BC. Alcohol has 
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been shown to increase hormone levels, and a reduc-
tion of circulating hormones has been observed with 
fiber intake. Fiber may bind estrogens in the colon and 
increase excretion. Fiber may also reduce hydrolysis 
of conjugated estrogens, resulting in less absorption. 
The role of phytochemicals such as antioxidants and 
phytoestrogen in glycemic/insulin control has also 
been invoked62. Other dietary factors may be involved, 
as a combination of low-fat and high-fiber intake was 
associated with a significant reduction of risk of BC 
in premenopausal women61. In Mexico, results from 
a hospital-based case–control study showed a lower 
risk of BC in premenopausal women with a higher 
intake of total fiber63. In a population-based case-con-
trol study, fiber intake modulated the adverse effect 
of carbohydrate on the risk of BC. The relative risk 
(95% CI) of BC in the highest quartile of sucrose intake 
was 2.37 (1.58-3.55) among women who consumed 
low levels of insoluble fibers (≤ 22.2 g/day) and was 
1.07 (0.65-1.77) among women who consumed high 
levels of insoluble fibers (> 22 g/day). Similar results 
were observed for fructose and glucose intakes43.

Alcohol
The only dietary factor identified by the WCRF anal-
ysis for which there was strong evidence (probable) 
for its association with increased BC risk is alcohol 
consumption9,64. An overwhelming number of epide-
miological studies provide support for the positive 
relationship between alcohol and BC risk65. A dose-re-
sponse meta-analysis reported that an increase in 
alcohol consumption of 10 g of ethanol per day was 
associated with increased risks for all ER+, ER–, ER+PR+, 
and ER+PR–, but not ER–PR– tumors66. However, other 
studies have reported an increase in ER–/PR– tumors 
as well, and the evidence suggests that alcohol may 
increase the risk of premenopausal BC through dif-
ferent pathways67. In a large case–control study con-
ducted in Mexico, over one-half (57%) of cases and less 
than one-half of controls (45%) reported any lifetime 
alcohol consumption. Compared with never-drinkers, 
women reporting ever drinking had a greater risk of 
BC (adjusted OR: 1.25; 95% CI: 0.99-1.58). There was 
evidence for an interaction in the association between 
ever consuming any alcohol, BC, and folate intake (for 
interaction p  =  0.04), suggesting that women with 
lower folate intake had higher odds of BC (OR: 1.99; 
95% CI: 1.26-3.16) compared to women with higher 
folate intake (OR: 1.12; 95% CI: 0.69-1.83). Models 

were adjusted for menopausal status; therefore, there 
were no results specific for young women. However, 
based on international data, it is very likely that alco-
hol consumption has a strong adverse effect on BC 
among young women68.

Dietary patterns
In general, the dietary patterns investigated are a pru-
dent or healthy dietary pattern (high in vegetables 
and/or fruits, poultry, fish, low-fat dairy, and/or whole 
grains) as compared to the Western diet or so-called 
unhealthy diet (red or processed meats, refined 
grains, sweets, and/or high-fat dairy). In a review of 
the literature by the WCRF, there was no convincing 
evidence that a prudent pattern conferred protection 
from BC9. However, relatively few prospective studies 
have explored dietary patterns in relation to risk of BC 
in premenopausal women and results are, in general, 
non-significant, in part because of the lack of power of 
these studies, which included a small number of pre-
menopausal cancer cases. The EPIC-Potsdam study 
found that a dietary pattern characterized by high-
fat foods was associated with increased risk of BC in 
both pre-  and postmenopausal women69. In a recent 
meta-analysis, Brennan et al.70 observed a small pro-
tective effect of a “prudent dietary pattern” on BC risk. 
However, when data were stratified by menopausal 
status, results were non-significant. A recent study in 
Mexico supports the role of western dietary pattern in 
the serum concentration of free estradiol71, in particu-
lar, a diet with high content of chicken eggs and meat, 
which can therefore increase the risk of BC.

Physical activity

Regular physical activity reduces the risk of premeno-
pausal BC; however, the impact appears to be less 
than in postmenopausal women. Multiple interrelated 
biological pathways are likely to be involved, including 
adiposity, sex hormones, insulin resistance, adipokines, 
and chronic inflammation8. In a large meta-analysis of 
prospective studies, overall, dose-response suggests 
that the risk of BC decreased by 3% (95% CI: −5 to −2) 
for every 10 metabolic equivalent of task-hours/week 
increment in recreational activity (roughly equivalent 
to 4 h/week of walking at 2 miles/h)24. In a more 
recent meta-analysis including 49 studies among pre-
menopausal women, a statistically significant 20% 
lower risk for women in the highest versus lowest 
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categories of moderate/vigorous recreational activity 
(95% CI: −26 to −13) was observed. Effects were dis-
tinct by BC subtypes with a significant effect among 
ER+/PR+ and ER−/PR− or HER2− and p53− BC (40% 
and 50% lower risks of ER−/PR− and ER+/PR+ breast 
tumors, respectively, comparing the most versus the 
least active women)72. Physical activity at each stage 
of life from adolescence onward provides a benefit, 
but sustained activity throughout life may provide the 
greatest benefit14. In the NHS II, for example, a reduced 
risk of premenopausal BC was most apparent among 
women who engaged in high levels of activity during 
both youth (ages 12-22 years) and adulthood12, con-
sistent with earlier studies73.

Healthy lifestyle index

Healthy lifestyle index is an interesting approach to 
evaluate the potential decrease of BC risk associated 
with a healthy lifestyle and provides an overall estima-
tion of how much BC could be avoided with lifestyle 
modifications. In a study conducted in Mexico74, adher-
ence to a healthy lifestyle, including moderate and/or 
vigorous intensity physical activity, low consumption 
of fat, processed foods, refined cereals, complex sug-
ars, and the avoidance of tobacco smoking and alcohol 
consumption, was associated with a protective effect 
in premenopausal women (50% decrease in risk; 95% 
CI: −71 to −16) when comparing the highest to the 
lowest quartiles.

Body fatness

Overweight and obesity have been associated with a 
decreased risk of BC in premenopausal women26. In a 
meta-analysis including 20 studies, Renehan et al.75 
reported an overall decrease in risk of 8% (95% CI: −12 
to −3) for each increment of 5  kg/m2 in BMI. While 
BMI is a valid parameter for general adiposity, it does 
not reflect the visceral fat deposit and WC, and WHR 
provides a better proxy of abdominal adipose tissue, 
which appears to be more metabolically active than 
peripheral adipose tissue25,76. In a recent meta-analy-
sis, each 0.1 unit higher WHR was related to 8% higher 
risk of premenopausal BC77. Recent data from the NHS 
II reported a positive association between WC, WHR, 
and premenopausal BC. This association was stronger 
for ER−/PR− tumors78. Among Hispanic women living in 
the USA, high BMI at 30 years of age was associated 
to a decrease of premenopausal BC (64% decrease 

in risk; 95% CI: −75% to −26% for BMI > 30  vs. 
< 25  kg/m2)79. In a more recent study, with specific 
analysis of hormonal receptor status, young adult age 
and current BMI were inversely associated with the 
risk of BC among ER+/PR+ and ER−/PR− BC of close to 
50% among women with elevated young-adult BMI 
and current obesity. However, analyses of WC and 
WHR suggest a positive association with BC risk (close 
to doubling in risk when comparing WC < 79.5 versus 
> 91.4 and for WHR < 0.77 versus > 0.83)80.

Weight gain could have an important impact on BC. 
In the NHS II, weight gain from baseline to current 
weight (over 4 years) was related to an increased risk 
in premenopausal BC (38% increase; 95% CI: 13-69) 
for a 4-year weight gain of ≥ 15 lb versus no change 
(≤ 5 lb). The association was stronger for ER+/PR− 
and ER−/PR− BC81. The effect was significantly stron-
ger among those women who were normal weight at 
baseline (RR 1.65 vs. 1.02 for 25 lb weight change). 
In accordance with these results, in a study conducted 
among Mexican premenopausal women, women were 
asked to select the silhouette that best represented 
their body shape (using six pictograms representing 
body shapes ranging from lean to large) at six differ-
ent ages: Childhood (aged 6-11  years), adolescence 
(aged 12-18  years), aged 18-20  years, before first 
pregnancy, aged 25-35  years, and at current age. 
A strong increase in silhouette from childhood to cur-
rent silhouette was associated to an increased risk of 
BC increase (OR: 1.65; 95% CI: 0.98 -2.75). Still, the 
association of obesity with premenopausal BC remains 
unclear. While obesity has been related to anovulatory 
cycles, reducing exposure to hormone-dependent, 
tumor-promoting growth82, obesity has been asso-
ciated to inflammation and dysregulated metabo-
lism76,83 that can promote tumor growth. In addition, 
abdominal fat distribution (subcutaneous vs. visceral 
fat) may play an important role and needs to be fur-
ther studied.

Breastfeeding

Breastfeeding has been classified by WCRF as a pro-
tective factor for BC in both pre- and postmenopausal 
women. Research by the International Collaborative 
Group on Hormonal Factors in BC, based on individual 
data from over 50,000 women with BC in 30 different 
countries, has shown that breastfeeding has a protec-
tive effect estimated at a 4.3% risk reduction for every 
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12 months of cumulative breastfeeding (in addition to 
an estimated 7% reduction in risk for each birth) in both 
pre-  and post-menopausal women84. The meta-anal-
ysis performed by the Continuous Update Project 
of the WCRF estimated at 2% the decreased BC risk 
(pooled OR: 0.98; 95% CI: 0.97-0.98) for an increase 
of 5  months of total breastfeeding64. Relatively few 
studies made the distinction between exclusive breast-
feeding and mixed feeding. A  systematic review and 
meta-analysis including studies until 2015 concluded 
that exclusive breastfeeding reduced the risk by 28% 
compared to parous women who had never breast-
fed. Any mode of breastfeeding in premenopausal 
women was related to a reduction of 14%. In a recent 
meta-analysis, ever breastfeeding was significantly 
associated with a 10% reduced risk of ER–/PR– BC and 
a 20% reduced risk in TN BC, which are more frequent 
in young women. In addition, systematic reviews of risk 
factors of BC in BRCA1 and BRCA2 carriers showed 
an inverse association between breastfeeding and BC 
in BRCA1 carriers85, which are more likely to develop 
ER–/PR– and TN BC than in BRCA286. Several mecha-
nisms have been invoked87: Differentiation of breast 
epithelium, making the cells less susceptible to malig-
nant transformation, and prolonged breastfeeding, 
which may lower the periodic influence of estrogen/
progesterone on breast tissue and thus protect against 
BC. In addition, the strong exfoliation of breast tissue 
during lactation and the massive epithelial apoptosis at 
the end of breastfeeding could contribute to decrease 
the risk of cancer by excreting cells with initial DNA 
damage from the breast ductal tissue. These results 
are particularly important to young women for whom 
aggressive tumors are more likely and less responsive 
to treatment.

DISCUSSION

BC in young women has aggressive biological charac-
teristics and poorer outcome than BC in older women. 
There is a growing body of evidence that healthy 
lifestyle starting early on during childhood and ado-
lescence may have an important impact on the risk 
of premenopausal BC. Given the public health impor-
tance of BC in young women, and to fight its rise in 
less-developed countries where nutritional transition 
is occurring rapidly; it is of utmost importance to 
identify further modifiable factors associated to BC. 
Harmonization of study methodology and the stratifi-
cation of BC by specific characteristics of tumors need 

to be considered since specific risk factors might be 
more particularly associated with the promotion of, 
or protection from, a defined type of BC. The use of 
specific biomarkers of nutrient intake and metabolic 
pathways as well as genetic markers may clarify the 
mechanisms by which diet, physical activity, and body 
fatness affect the risk of premenopausal BC. Efforts 
ought to be placed on advising women to follow a 
healthy diet, practice daily physical activity, avoid 
gaining weight in adult life and breastfeed their child.
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