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Abstract Objective Because of its high incidence and

improving survival, breast cancer is currently the most pre-

valent cancer in the world. We reviewed the published

literature in our search for modifiable factors valuable as an

adjuvant health measure to surgery, radio and systemic

therapy for breast cancer. Methods We included material

which was identified from computerised searches of Pub-

Med (1966 to May, 2007). Published material was restricted

to prospective cohort studies and randomised clinical trials.

We reviewed the literature concerning the association

between physical activity, smoking, weight gain after the

diagnosis, diet and prognosis. Results and conclusion We

conclude that life style changes following standard breast

cancer therapy are highly recommended (although scientific

evidence is still lacking for some of inconsistency regarding

available data). They include physical activity, weight

control, high consumption of fruit and vegetables, and a

reduction of dietary fat intake.

Keywords Breast cancer � Life style � Prognosis

Introduction

Breast cancer is by far the most frequent cancer of women.

More than half of the cases occur in industrialized countries.

Although, the incidence is more modest in Eastern Europe,

South America, Southern Africa, and Western Asia, it is still

the most common female cancer in these geographic regions.

The rates are low in most parts of Africa (with the exception

of South Africa) and in most of Asia [1].

Most of the breast cancer risk factors described in the

literature are related to a woman’s life time exposure to

oestrogens: early menarche and late menopause, high total

numbers of menstrual cycles and use of oestro-progestons

increase the risk; while it is reduced by an early first birth

and early menopause [2]. Lactation protects against breast

cancer while alcohol increases the risk. The relationship of

body fatness with breast cancer risk is equivocal. It prob-

able decreases the risk of premenopause cancer while it

increases the risk for postmenopause cancer. Postmeno-

pausal breast cancer seems to be positively associated with

abdominal fatness and adult weight gain and negatively

with physical activity [3]. Data regarding the role of soy

remains conflicting, but adolescent exposure appears to be

protective [4]. Positive or negative effects of dietary

exposures may be limited to subgroups of women defined

by specific genetic characteristics [5]. Breast cancer risk is

positively associated with increased smoking during the

period between menarche and first childbirth, suggesting

that the sensitivity of the female breast to tobacco carcin-

ogens is increased during adolescence and early adulthood

[6].

The large variability in the clinical outcome of women

with morphological identical breast cancers receiving

comparable therapeutic strategies suggest the importance

of other life style changes. We therefore reviewed the
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available published literature in our search for modifiable

life style factors that may be useful as adjuvant treatment to

surgery, radio and systemic therapy for breast cancer.

Search strategy and selection criteria

Material included in this review was identified from com-

puterised searches of PubMed (1966 to February, 2008)

using the medical subject headings (MeSH) terms ‘‘breast

neoplasm ‘‘ OR ‘‘breast cancer’’, ‘‘AND prognosis’’ ‘‘AND

survival’’ ‘‘AND diet’’ ‘‘AND life style’’ ‘‘AND physical

activity’’ ‘‘AND smoking’’ ‘‘AND obesity’’ ‘‘AND phyto-

estrogenes’’ ‘‘AND dietary fat’’. Only peer-reviewed

English language papers were eligible for inclusion.

Additional information and studies were obtained by

checking the reference lists from retrieved papers. Only

prospective breast cancer cohort studies and randomised

clinical trials reporting on breast cancer recurrence and

survival were included. Currently, few such studies have

been designed with the objective to investigate the asso-

ciation between different lifestyle factors and breast cancer

prognosis. Most epidemiologic studies were designed to

examine aetiology and do therefore not answer whether or

not the studied population continued their original lifestyle

or altered it after the diagnosis of breast cancer which may

bias the results (Table 1).

The Life After Cancer Epidemiology (LACE) Study

consists of cohort of 2,321 early stage breast cancer

survivors and was designed to investigate how modifiable

behavioral risk factors such as diet and physical activity

affect quality of life and long-term survival [7].

The Health, Eating, Activity, and Lifestyle (HEAL)

Study is a population-based, multicenter prospective cohort

study that has enrolled 1,185 breast cancer patients to study

the influence of factors such as body weight, physical

activity and diet on prognosis [8].

The Shanghai Breast Cancer Survival (SBSS) Study

comprises 2,236 Chinese women with breast cancer and

collects information on lifestyle related factors and disease-

and treatment related factors [9].

The Women’s Healthy Eating and Living (WHEL)

Study is a multisite randomized controlled trial of the

effectiveness of a high-vegetable, low-fat diet, in reducing

additional breast cancer events and early death in women

with early-stage invasive breast cancer (within 4 years of

diagnosis). The study randomly assigned 3,088 women to

an intensive diet intervention or to a comparison group

[10].

The Women’s Intervention Nutrition (WINS) Study, a

randomized, prospective clinical trial of 2,437 assigned

women with resected, early-stage breast cancer, receiving

conventional therapy, to a dietary intervention group

receiving a program of individualized instruction for

reducing total fat intake or a dietary control group with

minimal dietary counselling. The dietary intervention aims

to reduce the percentage of calories with 15% of habitual

intake while maintaining nutritional adequacy [11].

Table 1 Overview of the prospective studies and randomized clinical studies investing the association between life style factors and breast

cancer prognosis

Country Breast cancer Major exposures of interest

Prospective cohort studies

Life After Cancer Epidemiology (LACE)

Study [7]

US Stage I & II invasive Diet

Physical activity

Quality of life

Health, Eating, and

Lifestyle (HEAL) Study [8]

US In situ breast carcinoma to stage IIIa breast

carcinoma

Diet

Physical activity

Weight

Shanghai Breast Cancer Survival (SBSS)

Study [9]

China Newly diagnosed Life-style

Disease- and treatment-related

factors

Quality of life

Randomized clinical trials

Women’s Healthy Eating

and Living (WHEL) Study [10]

US Stage I (C1 cm), II or IIIA invasive High-vegetable, low-fat diet

Women’s Intervention Nutrition (WINS)

Study [11]

US Invasive (exclusion for tumour size less than

1 cm with negative nodes; tumour size greater

than 5 cm with positive nodes; 10 or more nodes

positive)

Dietary fat reduction
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Results

Physical activity

A cohort study of 2,987 women in the Nurses’ Health Study,

diagnosed with stage I, II or III breast cancer found a pro-

tective effect of physical activity on cancer-related mortality.

The greatest benefit occurred in women who performed the

equivalent of walking 3–5 h per week at an average pace and

among women with hormone-responsive tumours [12].

Similar results were found by a cohort study of 4,482 invasive

breast cancer patients [13] and for two studies that investi-

gated the relationship between breast cancer mortality and

pre-diagnostic physical activity [14, 15]. Results from the

WHEL study indicated that the combination of consuming at

least five servings of vegetables-fruits and physical activity

(30 min of walking at moderate pace for 6 days a week) is

associated with an increase in survival in women with

estrogen-positive receptor tumours [16]. However, an Aus-

tralian cohort of 451 women with breast cancer found no

association. Likewise a cohort study in Canada of 603

women with incident breast cancer found no association

between physical activity and breast cancer mortality [17].

A trial that randomized sedentary, obese breast cancer

patients to a cardiovascular and strength training exercise

intervention or to a usual care control demonstrated that

exercise is associated with a decrease in insulin levels [18].

Biological mechanism

The literature remains controversial whether or not in post-

menopausal women, increased physical activity is associated

with decreased serum concentrations of oestradiol and

oestrone [19]. Nonetheless, a randomized clinical trial found

that exercise may decrease serum oestrogens levels in pre-

viously sedentary, obese postmenopausal women [20].

In premenopausal women, research indicates longer

menstrual cycles, and lower progesterone and oestradiol

levels in athletes compared with control subjects. A ran-

domized controlled trial concluded that a 12-week aerobic

exercise training intervention did not alter oestrogen

metabolism in premenopausal women [21].

High circulating levels of Insulin-Like Growth factor

(IGF)-1 may be positively associated with increased risk of

breast cancer. The current literature is not conclusive on

the relation between increasing physical activity and IGF-1

levels [19]. However, it was demonstrated that IGF-1 is a

mediator of estradiol mitogenic effects [22].

Smoking

A cohort study of 5,056 women in the Nurses’ Health

Study, diagnosed with breast cancer, found no association

between a history of smoking and breast cancer-related

mortality or an increased risk of breast cancer recurrence

[23]. Similar results were concluded by two other cohort

studies [24, 25]. In contrast, a Swedish cohort study con-

cluded that the breast cancer mortality was the lowest in

those who had never smoked, the highest in smokers, and

somewhere in between in ex-smokers [26].

Biological mechanism

Nicotine is the main immunosuppressive constituent of

cigarette smoke, which inhibits both the innate and adap-

tive immune responses [27]. Smoking may have an ‘anti-

oestrogenic’ effect although endogenous oestrogen levels

have not been found to differ significantly when comparing

current smokers with former smokers or non-smokers [28].

However, it should be noted that cigarette smoking is

inversely associated with the risk of endometrial cancer

among postmenopausal women, which is another oestrogen

dependent tumour [29].

Obesity and weight gain after the diagnosis

The majority of the existing literature indicates a negative

relationship between obesity and poor prognosis of breast

cancer in both pre- and post-menopausal women [30].

Weight gain after diagnosis has been reported frequently,

possibly through increased caloric intake, changes in

physical activity and change in host metabolic status [31].

Women who gained weight after diagnosis are found to be

at greater risk for breast cancer recurrence and death

compared to women with a lower body mass index (BMI)

[32].

Analyses from the Nurses’ Health Study showed that

weight and weight gain after the date of diagnosis were

related to higher rates of breast cancer recurrence and

mortality. These findings were especially apparent in

women who never smoked, among women with earlier

stage disease or those who were normal weight before

diagnosis [33]. In contrast, a collaborative effort

between the LACE study and the WHEL study, did not

observe an association between post-diagnosis weight

gain and recurrence risk in the first 5–7 years post-

diagnosis [34].

If circulating estrogen levels are the linking mechanism

between adiposity and breast cancer recurrence, weight

loss may no longer have an impact on recurrence or sur-

vival in postmenopausal women with estrogen-positve

receptors treated with the third generation aromitase

inhibitors (exemestane, anastrozole, letrozole). As these

drugs suppress estradiol levels in post-menopausal women

by 84% or more [35].

Breast Cancer Res Treat (2009) 114:13–22 15
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Biological mechanism

Increasing BMI is associated with increased oestradiol

levels. Hyperinsulinism has been associated with a poor

breast cancer prognosis, possibly mediated by the neuro-

endocrine hormone leptin that is produced by adipose

tissue [28]. Obese postmenopausal breast cancer survivors

have increased estrone, estradiol, free estradiol, levels and

decreased sex-hormone-binding globulin levels [36].

Furthermore, it has been suggested that obese women with

breast cancer may receive reduced doses of adjuvant che-

motherapy [37]. Higher BMI has been related to more

advanced stages of breast cancer at diagnosis in terms of

tumour size [38]. Obesity appears not to interfere with the

efficacy of tamoxifen in women with lymph-node negative,

oestrogen receptor-positive breast cancer [39].

Phytoestrogenes

Phytooestrogens are plant compounds that are structurally

similar to mammalian oestrogens. They possess oestro-

genic and antioestrogenic properties through binding on

oestrogen receptors. Some data from in vitro and animal

studies suggest that isoflavones, especially genistein, may

stimulate the growth of oestrogen-sensitive tumours. Fur-

ther research is therefore needed to determine effect of soy

foods or isoflavones on breast cancer risk in high-risk

women and on the survival of breast cancer patients [40].

Although, a Chinese study found no relationship between

soy food intake before diagnosis and survival [41], it is not

recommended to use soy to reduce menopausal symptoms

in breast cancer patients [4].

It has been suggested that phytooestrogenes may influ-

ence the effect of tamoxifen, a selective oestrogen receptor

modulator, in breast cancer treatment either in a antago-

nistic or synergistic way [4, 42]. However, a cross-

sectional study in Asian Americans with breast cancer who

were tamoxifen users found no relation between self-

reported intake of soy and serum levels of isoflavones [43].

It should be noted that estrogen therapy is contraindi-

cated after the diagnosis of breast cancer [44, 45].

Dietary fat

In women with oestrogen receptor positive breast cancer, a

positive association between treatment failure and high

intakes of total fat, saturated fat and polyunsaturated fatty

acid has been suggested [46]. The association between

dietary fat intake and reduced survival has been confirmed

in both postmenopausal and premenopausal breast cancer

patients [47–51]. Interim results of the WINS study suggest

a benefit of dietary fat reduction on relapse-free survival.

Secondary analyses suggested a stronger effect for dietary

fat reduction on breast cancer recurrence in women with

hormone receptor—negative cancers compared with

women whose cancers were hormone receptor positive

[52]. In contrast, the Nurses’ Health Study did not conclude

that a low fat diet after diagnosis leads to a survival

advantage [53]. The same conclusion was reached by a

prospective study of 213 breast cancer patients in Japan; it

should be remarked that Japanese women develop breast

cancer at an earlier age and consume relatively small

amounts of fat (mean dietary fat intake was about 23% of

calories) [54].

Biological mechanism

Experimental studies indicate that the polyunsaturated fatty

acids, rich in linoleic acid enhance the promotion and

progression of mammary cancer, whereas omega-3 fatty

acid-containing fish exert a protective effect [55]. Labo-

ratory and animal experimental evidence indicate that

dietary fat intake influences breast cancer growth through

changes in circulatory hormonal levels, changes in cell

membrane structure and function, changes in prostaglandin

and cytokine/monokine levels and altered regulatory gene

expression [31]. A high-fiber, low fat diet intervention has

been shown to be associated with reduced serum bioava-

liable oestradiol concentration in women diagnosed with

breast cancer [56].

Other dietary macro- and micronutrients

It has been shown that in post-menopausal women diag-

nosed with breast cancer, reduced fat and increased fiber,

vegetable and fruit intakes improves overall survival [48].

But analyses from the Nurses’ Health Study found that

adherence to a prudent dietary pattern (characterized by a

diet high in fruits, vegetables, whole grains, legumes,

poultry and fish) was not associated with breast-cancer

mortality but was negatively related to mortality from other

causes [57]. The WHEL randomized trial confirmed that

adherence to a diet very high in vegetables, fruit and fiber

and low in fat does not reduce breast cancer recurrence or

mortality [58]. In contrast, high consumption of b-carotene

and vitamin C seems to influence survival [59]. Supple-

ment use of vitamin C or E has been suggested to be

associated with an decrease in breast cancer recurrence or

breast-cancer related death [60]. Women, assigned to the

non-intervention group of the WHEL study, with high

plasma-carotenoid concentration, had a significantly

reduced risk for breast cancer recurrence [61]. Interest-

ingly, analyses of a cohort study of 477 breast cancer

patients found that the association between key dietary

variables with survival may be U-shaped and not linear.

Thus moderate, rather than low, fat intakes are associated

16 Breast Cancer Res Treat (2009) 114:13–22
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with optimal survival [62]. A randomized clinical trial of

fenretinide (a synthetic retinoid) showed a reduction of

second breast cancer, which was more apparent among

premenopausal women [63].

No evidence has been found that antioxidant vitamin

supplements reduce the toxicity associated with chemo-

therapy [64]. Some authors even advise against the use of

antioxidant supplements during chemotherapy or radio-

therapy [65].

High alcohol consumption may be associated with an

increase in breast cancer mortality [66].

Biological mechanism

The cancer-preventive capacities of carotenoids are

attributed to their anti-oxidant capacities and their effect on

gap junctional communication which play a role in the

regulation of cell growth, differentiation and apoptosis

[67]. It has been demonstrated that carotenoids influence

the proliferative capacity and differentiation of mammary

epithelial cells [68]. But the negative relationship between

prognosis and increased fruit and vegetable consumption

may partly due to the fact that a high fruit and vegetable

consumption is merely a marker for low dietary fat intake.

An increased estrogen concentration and a change in folate

metabolism are mentioned among the mechanisms linking

alcohol with breast cancer [69].

Discussion

Despite the wealth of etiologic studies on breast cancer

risk and the growing number of breast cancer survivors,

surprising little is known on the association between life

style changes made after the diagnosis of breast cancer

and the outcome. Currently, only two randomized control

trials are studying the relationship between lifestyle

related factors and prognosis [10, 11]. Both of them

restricted inclusion to early stage breast cancer. While

merely three large cohort studies of breast cancer patients

are collecting data [7–9].

Based on available literature, a multidisciplinary

approach regarding breast cancer is recommended and

should include physical activity, body weight control,

high consumption of fruit and vegetables, and a reduction

of dietary fat intake. Recent results from the WHEL study

suggested that a healthy lifestyle that combines high

levels of fruit and vegetables consumption with physical

activity is associated with an increase in survival [16].

Thus rather than one factor, a combination of lifestyle

behaviors may improve breast cancer survival [70].

Besides the beneficial effect on recurrence, a healthy diet

and regular exercise has the potential to reduce the risk of

co morbidity (such as other cancers, cardiovascular dis-

ease, diabetes, etc.) and improving the quality of life

(through a reduction of the risk on fatigue and depression)

[71]. The American Cancer Society has summarized the

best clinical practices related to optimal nutrition and

physical activity during treatment and recovery, living

after recovery from treatment and living with advanced

cancer [72]. An overview of other resources available

concerning information and health promotion to cancer

survivors is given elsewhere [71]. Although many patients

with cancer report healthier lifestyles after diagnosis,

these changes might be temporary. Few studies have

investigated the most appropriate intervention time

(at diagnosis or later), patients’ preferences about delivery

of interventions or the relative efficacy of different

methods (clinic versus home-based, face-to-face counsel-

ling, mailed interventions, telephone counselling, etc.)

[71]. The FRESH START trial which included newly

diagnosed breast or prostate cancer patients found that

tailored mailed interventions are more effective in pro-

moting healthful life styles (which included exercise,

consumption of fruit and vegetables, overall diet quality,

and decreasing intake of fat and saturated fat) than stan-

dardized materials [73]. More research is warranted.

Unfortunately, although cancer survivors may be suscep-

tible to health promotion, many health care providers may

miss opportunities to counsel survivors about healthy

behaviours [74]. Nevertheless, health care providers do

have an important educational role concerning modifiable

causes of cancer. A survey of cancer survivors’ beliefs

showed that the respondents underestimated the impor-

tance of behavioral factors (such as obesity and physical

inactivity) known to be related to be with increased

cancer risk, while overestimating the importance of stress

and environmental pollution [75].

More research is needed before conclusive advice can

be given to women with breast cancer. Intervention

studies should answer on what lifestyle changes may be

used as adjuvant therapy or as a modifier of tumor

growth and progression. Future studies on the association

between breast cancer prognosis and modifiable factors

need to obtain complete clinical, dietary, and lifestyle

information at moment of breast cancer diagnosis and

this should be updated regularly during follow up. Albeit

a challenge in designing, clinical trials are needed to

determine the effect of physical activity on the recur-

rence and mortality of breast cancer [76]. To date, the

WINS study is the first randomized trial that suggested

that a dietary intervention may reduce breast cancer

recurrence [52]. Future studies should investigate whe-

ther or not there is a threshold of dietary fat intake at

which an increase in tumour recurrence is observed

(Table 2).
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