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Worldwide, about 521,907 deaths occur from breast cancer 
each year (1,2). In the U.S., breast cancer accounts for 
more cancer deaths in women than any site other than lung 
cancer. An estimated 40,450 deaths from breast cancer 
will occur in 2016 (1). Breast cancer is the most commonly 
diagnosed invasive cancer in the U.S. for women of all racial 
and ethnic groups, with an estimated 246,660 new cases 
diagnosed in 2016 (1).

A variety of risk factors for breast cancer have been 
well-established by epidemiologic studies including race, 
ethnicity, family history of cancer, and genetic traits, as 
well as modifiable exposures such as increased alcohol 
consumption, physical inactivity, obesity after menopause, 
exogenous hormones, and certain female reproductive 
factors (1,2). Efforts to prevent breast cancer and other 
chronic illnesses have focused on promoting physical 
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activity, healthy diet and nutrition, and avoidance of 
excessive alcohol consumption (3-5).

About 58% of adults in the U.S. owned a smartphone 
in 2013 and the percentage is projected to surpass 90% by 
2020 (6,7). Smartphone applications (apps) offer a low-cost 
and effective strategy for breast cancer prevention in women 
through behavioral change. This includes educational and 
behavioral interventions for weight management, healthy 
eating (low calorie diet with adequate consumption of whole 
grains, fruit, and non-starchy vegetables and decreased 
saturated fat, red meat, processed meat, added sugars, and 
refined grains), limiting alcohol intake, physical activity, 
breastfeeding, and avoidance of carcinogenic exposures such 
as combined estrogen and progestin hormones and cigarette 
smoking. However, there are currently no research-tested 
smartphone apps for breast cancer prevention that are 
suitable for women with varying levels of health literacy and 
eHealth literacy.

In this perspective, we consider modifiable risk factors 
for breast cancer in women in relation to the development 
of smartphone apps to promote healthy behaviors associated 
with breast cancer-risk reduction. First, we provide a 
summary of breast cancer risk factors that are modifiable 
through behavioral change including their corresponding 
relative risk. Second, we discuss scientific issues related 
to the development of smartphone apps for the primary 
prevention of breast cancer and offer suggestions for further 
research in this area. Smartphone apps for preventing 
breast cancer should ideally be tailored for women at 
different life stages (e.g., young women, women who 
are post-menopausal, and older women). Topics such as 
breastfeeding and oral contraceptives are appropriate for 
younger women. Topics such as weight management, 
physical activity, the need to avoid cigarette smoking, 
and dispelling breast cancer myths are appropriate for 
women of all ages. As women age, topics such as hormone 
replacement therapy or comorbid health conditions become 
more important to address. 

Modifiable risk factors for breast cancer

Results from the Women’s Health Initiative randomized 
trial and epidemiologic studies indicate that hormone 
replacement therapy after menopause increases breast 
cancer risk (8-10). Use of a regimen that includes both 
estrogen and progesterone has been associated with a higher 
risk of breast cancer than the use of estrogen alone (11). Parity 
and older age at first full-term pregnancy may influence 

breast cancer risk through long-term effects on sex hormone 
levels or by other biological mechanisms. Breast feeding 
reduces a woman’s risk of breast cancer and is an important 
modifiable preventive behavior (12,13). Longer duration of 
breast feeding has been associated with a greater reduction 
in breast cancer risk.

The high prevalence of obesity in the U.S. population 
is a serious threat to women’s health because of causal 
linkages between obesity and cancer of the breast, colon, 
and other sites, and other adverse health consequences 
(14,15). Nutrition, physical activity, and energy balance are 
important determinants of weight loss and maintenance 
of healthy weight. However, approximately 35% of adults 
in the U.S. are obese (16). Based on data from the 2013 
Behavioral Risk Factor Surveillance Survey (BRFSS), only 
half of U.S. adults (50.2%) met guidelines for physical 
activity and an additional 11.7% only partially met the 
guidelines (Yoo et al., unpublished). Women are less likely 
than men to meet guidelines for physical activity (48.6% 
vs. 52.5%). Evidence from epidemiologic studies indicates 
that high levels of physical activity reduce breast cancer risk 
in women. The possible biological mechanisms include 
the influences of physical activity on body composition, 
insulin resistance, and circulating levels of sex steroid 
hormones (17). Eating non-starchy vegetables may also 
lower the risk of some breast cancers. A pooled analysis 
of data from 20 epidemiologic studies found that eating 
vegetables (comparing the highest vs. lowest vegetable 
intake) lowered the risk of estrogen receptor-negative breast 
cancers (18). Eating fruit may also lower breast cancer risk. 
A meta-analysis of data from 15 studies found that eating 
fruit (comparing the highest vs. lowest fruit intake) lowered 
the risk of breast cancer (19).

Recent studies indicate that long-term, heavy cigarette 
smoking may also increase breast cancer risk, particularly 
among women who start smoking before their first 
pregnancy (1). Shift work with disruption of circadian 
rhythm has been associated with higher breast cancer 
risk (20). Modifiable risk factors for breast cancer that 
could be addressed in a smartphone app for preventing 
breast cancer in women are shown in (Table 1). Based upon 
attributable risks, about 30–35% of breast cancers could 
potentially be prevented by addressing obesity, physical 
inactivity, alcohol consumption, and HRT (29,30).

 

Discussion

In order to reduce breast cancer risk through the adoption 
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and maintenance of healthy behaviors, multiple modifiable 
risk factors must be addressed as the increased risk 
associated with individual factors is modest. Established 
interventions for weight loss through healthy eating, 
caloric restriction, and physical activity, such as clinic-
based interventions, one-on-one education, and small 
group education, are resource-intensive, which limits 
their widespread dissemination. Smartphone apps provide 
a useful and low-cost way to disseminate information to 
the general population about weight loss through health 
eating, physical activity, and other behaviors associated with 
reduced risk of breast cancer and other chronic illnesses. 
Common behavioral change techniques used in apps 
for health promotion include providing feedback, goal-
setting, and self-monitoring (31). Although studies indicate 
that smartphone apps can be an effective intervention 
for smoking cessation, improving diet and nutrition, and 
encouraging physical activity (6,32,33), a breast cancer 
prevention app should ideally address multiple modifiable 
risk factors for breast cancer and be a part of overall healthy 
messages for promoting women’s health. However, it can be 
challenging to modify health behaviors, especially multiple 
behaviors at once. Culturally tailored cancer prevention 
apps are also needed for population subgroups. In addition, 
women who do not have a positive family history of breast 
cancer or a close friend who developed breast cancer may 
not see the need for modifying behaviors in order to reduce 
their risk of the disease. Therefore, it is likely that a variety 
of research-tested apps will be needed to meet the needs of 

all women.
Although many smartphone applications (apps) are 

available from major smartphone platforms (e.g., Android, 
iPhone, Windows phone) on breast cancer topics, few 
have been tested for acceptability or effectiveness (34,35). 
In addition, few of these apps are based on theories of 
health behavior change, most do not include evidence-
based features such as self-monitoring and reinforcement, 
and existing apps often do not provide evidence-based 
recommendations for breast cancer risk reduction 
(32,34,36).  Breast cancer apps commonly provide 
information about guidelines for the early detection of 
breast cancer. The U.S. Preventive Services Task Force 
(USPSTF) recommends screening mammography every 
two years as there is convincing evidence from randomized 
controlled trials that screening mammography reduces 
breast cancer mortality, with a greater absolute reduction for 
women aged 50 to 74 years than for younger women (37). 
For women who are aged 40 to 49 years (who are not 
at increased risk by virtue of a known genetic mutation) 
the USPSTF concludes that the decision to start regular, 
biennial screening mammography before the age of 50 
years should be an individual one and take patient context 
into account, including the patient’s values regarding 
specific benefits and harms. The American Cancer Society 
(ACS) has also provided recommendations for breast cancer 
screening (38).

A further issue is that many existing breast cancer apps are 
designed for use by women who have been diagnosed with 

Table 1 Modifiable risk factors for breast cancer with the corresponding estimated relative risk of breast cancer

Risk factor Relative risk (95% CI) (reference)

Obesity after menopause 1.27 (1.03–1.55) (21)

High consumption of vegetables Overall breast cancer: 0.99 (0.95–1.04);  
Estrogen receptor-negative breast cancer: 0.82 (0.74–0.90) (18)

High consumption of fruit 0.92 (0.86–0.98) (19)

High consumption of red meat 1.10 (1.02–1.19) (22)

High consumption of processed meats 1.08 (1.01–1.15) (22)

Higher alcohol consumption 1.22 (1.09–1.37) (23)

Physical activity 0.88 (0.85–0.91) (24)

Breast feeding 0.87 (0.77–0.98) (25)

Current use of oral contraceptives 1.29 (1.18–1.41) (26)

Hormone replacement therapy, estrogen plus progesterone 1.53 (–) (27)

Shiftwork with disruption of circadian rhythm 1.51 (1.36–1.68) (20)

Cigarette smoking before first life birth 1.12 (1.08–1.16) (28)
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breast cancer and are concerned about treatment issues or 
how best to avoid recurrence of their illness. However, there 
is overlap between healthy behaviors recommended for the 
primary prevention of breast cancer and those for reducing a 
women’s risk of breast cancer recurrence or mortality.

Smartphone apps for preventing breast cancer should 
ideally be tailored for women at different life stages (for 
example, young women, women who are post-menopausal, 
and older women). Topics such as breastfeeding and oral 
contraceptives are appropriate for younger women. Topics 
such as weight management, physical activity, the need to 
avoid cigarette smoking, and dispelling breast cancer myths 
are appropriate for women of all ages. As women age, topics 
such as hormone replacement therapy or comorbid health 
conditions become more important to address through apps 
intended for patients or health care providers. A smartphone 
app for breast cancer prevention may not be suitable for 
women with certain chronic health conditions. For example, 
people who have a history of myocardial infarction, angina, 
coronary artery bypass graft surgery, coronary angioplasty, 
or congestive heart failure should consult with their own 
physician before engaging in any physical activity regimen. 
Similarly, diabetic individuals should receive advice about 
diet and nutrition from a health care provider such as a 
physician or registered dietician.

Health promotion apps should be grounded in a 
behavioral theory or framework such as social cognitive 
theory (39). Elements of social cognitive theory include goal 
setting, self-assessment (e.g., food intake, food and beverage 
composition, and caloric intake), self-monitoring (e.g., 
minutes of physical activity per day), and reinforcement of 
positive behaviors. Self-monitoring is strongly associated 
with behavior change (40). By including educational 
information about modifiable causes of breast cancer (e.g., 
the potential benefits of weight loss through healthy eating, 
caloric restriction, limiting alcohol intake, and physical 
activity), an app intervention could also incorporate elements 
of the Health Belief Model (HBM) (41). The HBM posits 
that a person’s beliefs about a health concern such as breast 
cancer, their perceived benefits of an action (e.g., adopting 
a healthy diet, engaging in physical activity, breast feeding) 
and barriers to action, and self-efficacy explain engagement 
in health promoting behavior (41). The HBM suggests that 
a stimulus or cue to action must be present to trigger health-
promoting behavior. A smartphone app can provide triggers 
to promote healthy behaviors. For example, they can enable 
users to record minutes of physical activity per day in order 
to receive instant feedback on their energy expenditure. To 

increase self-efficacy, an app can provide information about 
practical steps that can be taken to maintain health such as 
healthy recipes and menu suggestions. Apps can also allow 
users to set a weight loss goal and to self-monitor daily 
energy intake toward achieving that goal and serve as a cue 
for action.

Dietary guidelines are available that were developed 
jointly by the U.S. Department of Agriculture (USDA) and 
the Department of Health and Human Services (HHS) (42). 
In addition, information about healthy eating can be based 
upon: (I) the ACS guidelines on nutrition and physical 
activity for cancer prevention (5), which were associated 
with a 22% lower risk of breast cancer in an analysis of 
data from the Women’s Health Initiative (43); and (II) 
the World Cancer Research Fund/American Institute 
for Cancer Research nutrition-related recommendations 
for cancer prevention (3), which were associated with a 
51% reduction in risk of breast cancer in epidemiologic  
studies (4). Apps can also utilize information and graphics 
from the USDA’s ChooseMyPlate program which provides 
practical information to help consumers build healthier 
diets with user-friendly nutrition information (44). Physical 
activity guidelines are available that were developed by 
HHS and ACS. The 2008 Physical Activity Guidelines 
for Americans emphasize that all adults should avoid  
inactivity (45). Some physical activity is better than none, 
and adults who participate in any amount of physical activity 
gain some health benefits. For substantial health benefits, 
adults should do at least 150 min (2 h and 30 min) a week 
of moderate-intensity, or 75 min (1 h and 15 min) a week of 
vigorous-intensity aerobic physical activity, or an equivalent 
combination of moderate- and vigorous-intensity aerobic 
activity. Aerobic activity should be performed in episodes 
of at least 10 min, and preferably, it should be spread 
throughout the week (45). Apps can include health messages 
about the importance of routine physical activity for weight 
management and the potential health benefits.

Smartphone apps for breast cancer prevention should 
be suitable for people with varying levels of health 
literacy. Cancer prevention messages are often written 
at advanced reading levels for individuals with marginal 
literacy skills (46). For mobile apps to be useful for 
encouraging healthy behaviors in diverse populations, they 
must be suitable for people with varying levels of health 
literacy and eHealth literacy (47-50).

Future developments in smartphone apps for breast 
cancer prevention should include apps that are tailored 
for specific cultural, racial, and ethnic groups. Substantial 
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disparities occur in breast cancer incidence and survival. 
In the U.S., age-standardized breast cancer incidence 
rates are higher among non-Hispanic white women than 
non-Hispanic black women, Asian and Pacific Islander, 
American Indian and Alaska Native, or Hispanic women, 
although black women have a higher breast cancer mortality 
rate than women from other racial groups (1). Black-
white differences in survival persist even after accounting 
for disease stage and tumor characteristics (51). Since 
1975, the 5-year relative survival rate for breast cancer has 
increased for both African American and white women (1). 
However, there remains a substantial racial difference (1). 
This disparity in breast cancer survival is due to both later 
stage at diagnosis and poorer stage-specific survival among 
African American women (1). In the U.S., black race and 
Hispanic ethnicity have been associated with later stage at 
breast cancer diagnosis.

In conclusion, smartphone apps for preventing breast 
cancer should be tailored for women at different life stages 
(e.g., young women, women who are post-menopausal, 
and older women). Topics such as breastfeeding and oral 
contraceptives are appropriate for younger women. Topics 
such as weight management, physical activity, the need to 
avoid cigarette smoking, and dispelling breast cancer myths 
are appropriate for women of all ages. As women age, 
topics such as hormone replacement therapy or comorbid 
health conditions become more important to address. Apps 
designed to provide continuing education to health care 
providers may also be helpful. In order to reduce breast 
cancer risk through the adoption and maintenance of 
healthy behaviors, multiple modifiable risk factors must be 
addressed. A smartphone app for breast cancer prevention 
may not be suitable for all women, e.g., those with certain 
chronic health conditions. Apps for breast cancer prevention 
should be grounded in a behavioral theory or framework 
and should be suitable for people with varying levels of 
health literacy. Future developments in smartphone apps 
for breast cancer prevention should include apps that are 
tailored for specific cultural, racial, and ethnic groups.
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