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Abstract

Although several modifiable risk factors have been independently associated with risk of breast 

cancer, few studies have investigated their joint association with breast cancer risk. Using a 

healthy lifestyle index (HLI) score, we assessed the association of a combination of selected 

modifiable risk factors (diet, alcohol, physical activity, BMI, and smoking) with risk of invasive 

breast cancer in the Women’s Health Initiative (WHI). This study comprised 131,833 

postmenopausal women, of whom 8,168 had breast cancer, who were enrolled in the WHI 
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Observational Study or the WHI clinical trials. Cox proportional hazards regression was used to 

estimate the HRs and 95% confidence intervals (CI) for the association of the score with the risk 

of developing breast cancer overall and according to specific breast cancer clinicopathologic 

characteristics. There was a 4% reduction in the risk of breast cancer per unit increase in the HLI 

score. Compared with those with an HLI score in the lowest quintile level, those in the highest 

quintile level had 30%, 37%, and 30% lower risk for overall, ER+/PR+, and HER2+ breast cancer, 

respectively (HR = 0.70; 95% CI, 0.64–0.76; 0.63, 0.57–0.69; and 0.70; 0.55–0.90, respectively). 

We also observed inverse associations between the score and risk of breast cancer irrespective of 

nodal status, tumor grade, and stage of the disease. Most individual lifestyle factors were 

independently associated with the risk of breast cancer. Our findings support the view that 

promoting healthy lifestyle practices may be beneficial with respect to lowering risk of breast 

cancer among postmenopausal women.

Introduction

Modifiable risk factors are believed to play an important role in breast carcinogenesis. In this 

regard, the Women’s Health Initiative (WHI) cohort, one of the largest prospective studies, 

to date, to investigate the role of lifestyle-related factors in the etiology of breast cancer, has 

demonstrated that obesity, moderate to high alcohol consumption, physical inactivity, and 

smoking are associated with increased risk of postmenopausal breast cancer (1–6). Other 

epidemiologic studies have also shown positive associations of postmenopausal obesity, 

alcohol consumption, physical inactivity, and smoking with risk of breast cancer (6–11). 

With regards to diet, there is limited evidence to suggest that it has a major effect on a 

woman’s risk of breast cancer. In the WHI dietary modification trial, a low-fat dietary 

pattern was weakly associated with decreased risk of breast cancer (5, 6), whereas other 

recent studies have found that certain dietary patterns, such as the prudent/healthy dietary 

pattern (characterized by high intake of high fiber foods such as cereals, fruits, and 

vegetables, no more than moderate alcohol consumption, and low amounts of red meat, 

poultry, and dairy products), are associated with reduced risk of breast cancer, thus 

suggesting that diet may also influence risk (12–14).

Although the independent associations of the aforementioned modifiable factors with risk of 

breast cancer have been widely studied, few studies have examined their joint association 

with risk of this disease. As an individual’s lifestyle behaviors typically cluster, it is likely 

that these risk factors act jointly rather than independently to influence the risk of breast 

cancer (15, 16). In support of this concept, several epidemiologic studies have shown that 

adherence to general cancer prevention guidelines (i.e., maintaining a healthy weight; 

exercising regularly; limiting consumption of energy-dense foods, red meats/processed 

meats, high sodium foods and alcoholic beverages; consuming a variety of vegetables, fruits, 

whole grains and legumes) is associated with reduced risk of breast cancer (8, 10, 17). Other 

studies have also sought to address the combined effect of modifiable risk factors on risk of 

breast cancer using a healthy lifestyle index (HLI) score, which is characterized as a 

combination of five recognized modifiable risk factors that are associated with chronic 

diseases, namely diet, alcohol, physical activity, body mass index (BMI) and smoking (18). 

To our knowledge, only four studies, two of which were cohort studies, have examined the 
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association between this score and risk of breast cancer, and, in keeping with the findings of 

studies based on World Cancer Research Fund/American Institute for Cancer Research 
(WCRF/AICR) guidelines, inverse associations were seen (18–21).

Studying the joint association of modifiable factors with risk of breast cancer is not only 

essential to improve our understanding of the etiology of the disease but, from a public 

health perspective, may also facilitate the development of breast cancer prevention strategies 

(15). Given the limited data from prospective studies on the joint association of the 

aforementioned modifiable factors with risk of breast cancer, we studied the association of a 

HLI score, as defined previously (18), with the risk of developing invasive breast cancer in 

the large, well-characterized WHI cohort. Furthermore, given that factors that influence risk 

of developing breast cancer have been suggested to have differential effects across breast 

tumor clinicopathologic characteristics (hormone receptor status, nodal status, grade, stage; 

refs. 22, 23), we examined the association between the HLI score and risk by levels of these 

characteristics. However, to date, to our knowledge, only one study has investigated the 

association between the HLI score and risk of breast cancer subtypes defined by various 

clinicopathologic characteristics (19). Therefore, we also assessed the association of score 

with breast cancer clinicopathologic characteristics (receptor status, lymph node, grade, 

stage).

Materials and Methods

Study population and design

A detailed description of the WHI design and study population has been published 

previously (24). Briefly, this large, multicenter study comprised 161,808 postmenopausal 

women ages 50 to 79, from major racial/ethnic groups, who were enrolled at 40 clinical 

centers throughout the United States between 1993 and 1998. The study was designed to 

include a Clinical Trial (CT) with three overlapping components [hormone therapy (2 trials), 

low-fat diet modification, and calcium-vitamin D supplementation; n = 68,132] and an 

Observational Study (OS) component (n = 93,676; ref. 24). For the current study, women 

from the dietary intervention group (n = 19,541), who were required to reduce their intake of 

energy-dense foods while increasing their intake of low-calorie foods (specifically fruits and 

vegetables and grain products), were excluded as their baseline diet measurements would not 

have captured those dietary changes (25). Women were also excluded if they did not have 

information on follow-up time (n = 443), if they had breast cancer in situ (n = 14), if their 

estimated energy intake was deemed to be implausible (<600 kcal/d or >5,000 kcal/d; n = 
4,602) or if they had a previous history of breast cancer (n = 5,375). After exclusion, our 

study comprised 131,833 (n = 84,476 and n = 47,357 from the OS and CT, respectively) 

postmenopausal women who were followed up until September 30, 2016.

Exposure and covariates ascertainment

Baseline information on demographic characteristics, menstrual history, reproductive 

history, exogenous hormone use, family history, medical history, and diet and lifestyle 

factors was collected from the study participants using self-administered questionnaires. 

Dietary intake was assessed using a food frequency questionnaire comprising 122 foods, 
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including alcohol, and food groups. Participants were asked to report their usual frequency 

of intake (from “never or less than once per month” to “2+ per day” for foods and “6+ per 

day” for beverages) and portion size (small, medium, or large compared with the stated 

medium portion size). The reliability of the FFQ was assessed by calculating intraclass 

correlation coefficients between the first and second administration of the questionnaire (i.e., 

at or before first clinic visit and after enrollment). The mean correlation coefficient for 

selected nutrients was 0.76 (26). With regards to smoking habits, participants were asked 

whether they had ever smoked. Current and former smokers reported age at smoking 

initiation, number of cigarettes smoked daily, years of smoking, and age at quitting smoking 

(former smokers only). Participants’ weight and height measurements were taken by trained 

staff at baseline. Weight was measured to the nearest 0.1 kg and height to the nearest 0.1 cm. 

BMI was computed as weight in kilograms divided by height in meters squared. Questions 

on physical activity level were designed to capture the participants’ usual activity or patterns 

of activity, including walking and sports. Metabolic equivalent (MET)-hours/week was then 

computed by multiplying the number of hours per week of leisure-time physical activity by 

the MET value of the activity and summing the products of all types of activities (3).

The HLI score

We created an a priori HLI score based on both existing scientific knowledge that suggests 

that diet, alcohol consumption, physical activity, BMI, and smoking influence cancer 

development and on public health recommendations for cancer prevention (6–11). Unlike 

scores based on the WCRF/AICR guidelines, which focuses on whether or not a person 

adheres to approximately ten general cancer prevention guidelines (10), this simple score is 

based on a combination of several levels (each individual HLI component had five 

categories) of five most common modifiable risk factors, which allowed us to assess dose–

response relationships between the exposures and the outcomes. The HLI score was 

calculated using information on five modifiable risk factors, namely diet, alcohol 

consumption, physical activity, BMI, and smoking, as described elsewhere (18). To generate 

the dietary component of the HLI score, we used information on intake of fruits and 

vegetables, grains, red and processed meat, the ratio of polyunsaturated to saturated fat, 

trans-fats, and glycemic load, to create a diet score. Specifically, to generate the score, the 

residuals from the linear regression models of each of the aforementioned dietary 

components on total energy intake were categorized into deciles and scored from 0 (lowest 

decile) to 9 (highest decile; vice versa for red/processed meat, trans-fat, and glycemic load). 

The individual scores were then totaled and categorized into quintiles (18). The HLI score 

was then constructed by summing the scores of diet (5th quintile = 4, 4th quintile = 3, 3rd 

quintile = 2, 2nd quintile = 1, 1st quintile = 0), and other lifestyle factors (smoking: never 

smoked = 4, ex-smokers quit ≤ 10 years = 3, ex-smokers quit > 10 years = 2, current 

smoking ≤ 15 cigarettes/day = 1, current smoking > 15 cigarettes/day = 0; alcohol intake (g/

day): none = 4, >0.0−4.9 = 3, >4.9−9.9 = 2, >9.9−19.9 = 1, >19.9 = 0; physical activity 

based on metabolic equivalent tasks [5th quintile = 4, 4th quintile = 3, 3rd quintile = 2, 2nd 

quintile = 1, 1st quintile = 0; and BMI (kg/m2): 18.5−24.9 = 4, <18.5 = 3, 25.0−29.9 = 2, 

30.0−34.9 = 1, 35+ = 0]. The final score ranged from 0 to 20 with 20 being the healthiest 

behavior. The healthiest behavior was characterized by consuming a healthy diet (5th 
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quintile), avoidance of smoking, no alcohol consumption, high physical activity level (5th 

quintile), and a healthy BMI (18.5–24.9 kg/m2).

Outcome ascertainment

Women were contacted semiannually in the CT groups and annually in the OS group, using 

in-person, mailed, or telephone questionnaires, to obtain information on clinical outcomes. 

Breast cancer cases were confirmed centrally by trained physician adjudicators who 

reviewed medical records and pathology reports. Coding of breast cancer characteristics 

(tumor hormone receptor status, histology, nodal involvement, grade, and stage) was 

performed using the NCI’s Surveillance Epidemiology and End Results coding system (27). 

A total of 8,168 incident invasive breast cancers were ascertained by the end of the follow-

up.

Vital status was collected through follow-up of participants and proxies and periodic 

searches of the National Death Index. Cause of death was determined by medical record and 

death certificate review.

Statistical analysis

Medians (interquartile range) and frequencies were calculated to summarize the 

characteristics of the population. We used Cox proportional hazards models to estimate HRs 

and 95% confidence intervals (CI) for the association between the HLI score and risk of 

invasive breast cancer. The outcome was time to diagnosis of invasive breast cancer. 

Participants were censored (noncases) if they died, withdrew from the study before the end 

of follow-up, or did not develop invasive breast cancer by the end of follow-up (September 

30, 2016). Cases contributed person-time to the study from their date of enrollment until the 

date of diagnosis of breast cancer, and noncases contributed person-time from their date of 

enrollment until date of death, date of withdrawal from the study or until the end of follow-

up, whichever came first. Similar analyses were conducted to examine the association of the 

HLI score with breast cancer risk within strata defined by clinicopathologic characteristics. 

For these latter analyses, we additionally censored the outcomes (i.e., ER+/PR+, ER+/PR−, 

ER−/PR, HER2+, HER−, well-differentiated, moderately differentiated, poorly differentiated, 

localized or regional/distant tumor, or tumors with positive or negative lymph node) that 

were not in the event group of interest. Our analyses did not include women with ER−/PR+ 

tumors due to the small number of women with this subtype. The association of the HLI 

score with risk of breast cancer by hormone therapy status, family history of breast cancer, 

and ethnicity was also assessed. All regression models (except for analyses stratified by risk 

factors) were adjusted for age at entry (continuous), ethnicity (white, black, other), height 

(continuous), education (high school or less/postsecondary or some college, graduate school 

or some graduate school), family history of breast cancer in first-degree relative (yes, no), 

age (years) at menarche (>12, 12–13, 14+), parity (never been pregnant or no term 

pregnancy, 1, 2, 3, 4+), breastfeeding (yes, no), history of mammograms (yes, no), age 

(years) at menopause (>45, 45–54, >55), hormone replacement therapy (HT) use (never, 

past, current), oral contraceptive use (yes, no), history of benign breast disease (yes, no), and 

nonalcohol energy intake (continuous); for the stratified analyses, the models included all of 

these variables except the stratification variable. To test whether the association of breast 
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cancer with the HLI score differed across breast cancer clinicopathologic characteristics, we 

performed likelihood ratio tests whereby we compared the likelihood ratios of Cox 

proportional hazards models with and without an interaction term (i.e., interaction between 

the exposure and breast cancer clinicopathologic characteristics; ref. 28). When the 

individual components of the HLI score were included as the main exposures, the models 

were also adjusted for the other individual components of the score. Tests for trend were 

performed by assigning an ordinal number to each of the categories of the HLI score, which 

was then modeled as a continuous variable, and Wald tests were used to assess statistical 

significance. The proportional hazards assumption was tested in the Cox regression models 

using Schoenfeld residuals. There was no evidence of violation of the proportional hazards 

assumption.

All statistical analyses were performed using Stata 14.1 (StataCorp). P values are two-sided.

Results

After a median follow-up duration of 16.9 years, the cumulative person-years for the total 

study population was 1,875,202.7. Table 1 provides a summary of the baseline 

characteristics of the study population. Compared with women without breast cancer, 

women who developed breast cancer had slightly higher median alcohol intake, physical 

activity level, and BMI, but were slightly less likely to report being current smokers than 

women without breast cancer (Table 1). The median age and HLI and diet scores were, 

however, similar in both groups.

The associations of the HLI score with risk of breast cancer overall and according to breast 

cancer characteristics are presented in Table 2. Compared with those in the lowest quintile 

level of the HLI score (≤9 points), women in the highest quintile (≥16 points) had a 30% 

reduced risk of breast cancer (HR= 0.70; 95% CI, 0.64–0.76). There was also a 4% 

reduction in risk of breast cancer per unit increase in the HLI score (HR = 0.96; 95% CI, 

0.95–0.97; Table 2). When considering breast cancer characteristics, inverse associations 

with hormone receptor double-positive, HER2+, and HER2− breast tumors, comparable in 

magnitude with that for all breast cancers combined, were also observed for the highest 

versus the lowest quintiles of the HLI score (HR = 0.63; 95% CI, 0.57–0.69; HR = 0.70; 

0.55–0.90, HR = 0.67; 95% CI, 0.61–0.73 for ER+/PR+, HER2+, and HER2− breast tumors, 

respectively). Furthermore, there were 5%, 5%, and 4% reductions in risk of hormone 

receptor double-positive, HER2+, and HER2− breast tumors, respectively, per unit increase 

in the HLI score. The HLI score was also inversely associated with risk of ER+/PR−, ER
−/PR− and triple-negative breast cancer breast tumors, although the associations were of 

borderline statistical significance. Furthermore, having a high HLI score (≥16 points) was 

associated with reduced risk irrespective of the nodal status, grade, and stage of the tumors.

In analyses stratified by HT status, for all categories (never, past, current), the inverse 

associations were evident when the HLI score was categorized by quintiles (HR = 0.66; 95% 

CI, 0.58–0.75, HR = 0.54; 95% CI, 0.43–0.67 and HR = 0.79: 95% CI, 0.70–0.88 for never, 

past, and current users, respectively; Table 3). There was also an inverse association when 

the continuous exposure was considered. The HLI score was inversely associated with risk 
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of breast cancer among all ethnicities, although the association was only statistically 

significant among white women. There was also an inverse association between the HLI 

score and risk among participants with and without a family history of breast cancer.

With respect to the individual components of the HLI score, having a relatively high 

physical activity level (>21.5 MET-hours/wk) was inversely associated with risk of breast 

cancer (HRq5 vs. q1 = 0.89; 95% CI, 0.83–0.96), whereas women with relatively high alcohol 

intake (>19.9 g/dy; HR = 1.17:95%CI, 1.07–1.27), overweight and obese women [HR = 

1.11; 95% CI, 1.05–1.17, 1.25; 1.17–1.34, 1.45; 1.33–1.57 for overweight (BMI > 25.0–29.9 

kg/m2), moderately obese (BMI = 30–34.9 kg/m2) and severely obese women (≥35 kg/m2), 

respectively], and those who currently smoked more than 15 cigarettes daily (HR = 1.15; 

95% CI, 1.04–1.27) had an increased risk of breast cancer (Table 4). A high diet score (>34) 

had a weak inverse association with risk of breast cancer [HRq5 vs. q1 = 0.95 (0.88–1.04); 

Ptrend = 0.12].

Discussion

In this large, well-characterized study population with long-term follow-up, we provide 

strong evidence that a healthy lifestyle is associated with reduced risk of invasive breast 

cancer overall, for most subtypes defined by hormone receptor and HER2 status, and 

irrespective of the nodal status, grade, or stage of the tumors. The inverse association 

between the HLI score and risk of breast cancer was also apparent irrespective of HT use, 

race/ethnicity, and family history of breast cancer.

Except for diet, all components of the HLI score were also associated with risk of breast 

cancer, consistent with previous findings from the WHI study that postmenopausal women 

who had relatively high alcohol intake, who were obese, or who smoked cigarettes, had an 

increased risk of breast cancer, whereas those with a relatively high physical activity level 

had a reduced risk (1–3, 29). Similar to the findings from the WHI dietary modification 

intervention study, an intervention study that aimed to evaluate the effect of a low-fat dietary 

pattern on health-related outcomes, including breast cancer, we observed that diet was only 

weakly associated with a reduced risk of breast cancer (5, 6). More robust evidence 

supporting an inverse association between a healthy dietary pattern and risk of breast cancer 

has been reported in several recent studies (13, 19, 20).

BMI is inversely associated with physical activity (30), and, not surprisingly, other studies 

also reported that a relatively high physical activity level was associated with reduced risk of 

breast cancer, whereas obesity has been associated with an increased risk (1, 3, 29, 31). 

Alcohol consumption has also been shown to be positively associated with risk of breast 

cancer in several epidemiologic studies (31). Although cigarette smoking is not currently an 

established risk factor for breast cancer, accumulating epidemiologic evidence also supports 

our finding of a positive association between smoking and risk of breast cancer, with risk 

varying with the intensity and duration of smoking (7, 11, 32).

The proportion of breast cancer attributable to modifiable risk factors is generally small, 

ranging from 2% to 13% (33–37), but studies have indicated that at least 25% to 30% of 
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breast cancer cases may be prevented from an overall healthy lifestyle (38). In keeping with 

this, our study showed an inverse association between an overall healthy lifestyle and risk of 

breast cancer. Two large prospective studies by Mc Kenzie and colleagues (18) and Dartois 

and colleagues (19, 21), and two case–control studies by McKenzie and colleagues (17) and 

Sánchez-Zamorano and colleagues (19) also found that women with a high lifestyle index 

score had a reduced risk of breast cancer. In keeping with this, other studies have reported 

that women who adhered to the World Cancer Research Fund/American Institute for Cancer 

Research (WCRF/AICR) and the American Cancer Society (ACS) recommendations 

(maintaining a healthy weight, being physically active daily, limiting consumption of 

energy-dense foods, red meats/processed meats, high sodium foods and alcoholic beverages, 

consuming a variety of vegetables, fruits, whole grains and legumes, and breastfeeding 

exclusively for up to 6 months) had reduced risk of breast cancer (17, 39–41).

Although some studies have demonstrated that individual components of the HLI score, such 

as obesity and alcohol consumption, have associations with breast cancer risk that vary by 

breast tumor characteristics (42, 43), our findings suggest that a healthy lifestyle may be 

associated with reduced risk of breast cancer irrespective of the tumor characteristics, 

although the associations were only of borderline statistically significance in some 

subgroups, perhaps reflecting the relatively small number of cases in those subgroups.

Similar to our study, McKenzie and colleagues demonstrated an inverse association between 

the HLI score and risk of ER+/PR+ tumors (19). The same study also showed that women 

with a high HLI score had reduced risk of ER−/PR− breast cancer (19). Although we also 

observed an inverse association between the score and this tumor subtype, our findings were 

statistically nonsignificant. In line with two other studies by Castelló and colleagues (41) 

and Romaguera and colleagues (40) that used healthy lifestyle scores based on adherence to 

WCRF/AICR nutritional guidelines, the current study demonstrated that an overall healthy 

lifestyle was also associated with a reduced risk of HER2+ tumors. Similar to our study, 

Romaguera and colleagues (40) also found a nonsignificant inverse association between a 

healthy lifestyle and risk of triple-negative breast cancer. Of note, in the current study, the 

inverse association was evident across all categories of tumor nodal status, grade, and stage. 

To the best of our knowledge, no other studies have assessed the association of an overall 

healthy lifestyle with these breast cancer characteristics. Therefore, our findings need 

confirmation.

We did not observe an interaction between the HLI score and HT status, race/ethnicity, or 

family history of breast cancer. This suggests that a healthy lifestyle may contribute to 

reduced risk of breast cancer among women irrespective of their HT status, ethnicity, and 

family history of breast cancer. To our knowledge, no study has assessed the association of 

an overall healthy lifestyle with risk of breast cancer by hormone status. Furthermore, there 

is a paucity of studies that were conducted to explore the potential modifying effect of 

ethnicity and family history. In keeping with our findings, Nomura and colleagues (39) and 

Akinyemiju and colleagues (44) reported that an overall healthy lifestyle was associated 

with reduced risk of breast cancer among white and black women. In another study by 

Nomura and colleagues (45), an inverse association was also observed among women 
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without a family history of breast cancer but not among women with a family history of 

breast cancer.

Biologically, exposures such as relatively high alcohol consumption, physical inactivity, 

obesity, cigarette smoking, and poor dietary habits (characterized by low intake of potential 

chemopreventive foods such as fruits and vegetables and high intake of potential cancer-

causing foods such as red/processed meat) have been shown to induce processes such as 

chronic inflammation and oxidative stress, which can subsequently lead to breast 

carcinogenesis by generating DNA mutations, and stimulating tumor cell growth and 

proliferation (31, 46). In addition, risk factors such as obesity and alcohol consumption have 

been associated with risk of hormone-sensitive molecular subtypes of breast cancer (42, 43), 

which represent the most prevalent hormone receptor subgroups (47). This reflects the fact 

that these risk factors increase levels of estrogen and insulin-like growth factor, both of 

which are postulated to influence breast carcinogenesis by stimulating tumor cell 

proliferation, and generating oxidative DNA damage (38, 48–50).

This study has several strengths. Specifically, it is one of the largest studies to date to 

investigate the association between a healthy lifestyle and risk of breast cancer overall, and 

for subgroups defined by clinicopathologic characteristics of breast cancer. In addition, all 

breast cancer cases were confirmed using medical records and pathology reports were 

centrally adjudicated. Other strengths include the use of standardized procedures to collect 

risk factor information, limited loss to follow-up, and a low proportion of missing data for 

most variables. However, some of the risk factor information was self-reported, and thus, 

recall and reporting bias may have led to measurement error. Furthermore, our study focused 

on recreational physical activity and did not take into account other measures of physical 

activity, including household and occupational activities; thus, potentially contributing to 

misclassification of physical activity level. Another limitation of the study is the fact the HLI 

score is not validated. However, this score was created on the basis of existing scientific 

knowledge and well-recognized public health recommendations. Furthermore, the findings 

of the studies using the HLI score, so far, are consistent with those from studies based on the 

WCRF/AICR guidelines. Self-reporting of cancer diagnosis by the subjects in the first stage 

of outcome ascertainment is another limitation of this study. Specifically, it is possible that 

some cancer cases were missed, as this method is dependent on a subject’s willingness to 

report their diagnosis. Finally, there was also only a small proportion of women from 

minority groups such as Hispanic and Asian women.

Overall, this large prospective study strongly supports the view that an overall healthy 

lifestyle may be associated with reduced risk of breast cancer among postmenopausal 

women. However, additional studies should be conducted to confirm our results, as this will 

provide further insight into the etiology of breast cancer and will be useful in the 

development of primary prevention strategies.

Acknowledgments

R. Arthur and T. Rohan are supported by a grant to T. Rohan from the Breast Cancer Research Foundation 
(BCRF-16–137). We thank the Women’s Health Initiative investigators, staff, and the trial participants for their 
outstanding dedication and commitment.

Arthur et al. Page 9

Cancer Prev Res (Phila). Author manuscript; available in PMC 2019 November 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Women’s Health Initiative Investigators are listed below:

Program Office: (National Heart, Lung, and Blood Institute, Bethesda, MD) Jacques Roscoe, Shari Ludlum, Dale 
Burden, Joan McGowan, Leslie Ford, and Nancy Geller

Clinical Coordinating Center: (Fred Hutchinson Cancer Research Center, Seattle, WA) Garnet Anderson, Ross 
Prentice, Andrea LaCroix, and Charles Kopperberg)

Investigators and Academic Centers: (Brigham and Women’s Hospital, Harvard Medical School, Boston, MA) 
JoAnn E, Manson; (MedStar Health Research Institute/Howard University, Washington, DC) Barbara V Howard; 
(Stanford Prevention Research Center, Stanford, CA) Marcia L. Stefanick; (The Ohio State University, Columbus, 
OH) Rebecca Jackson; (University of Arizona, Tucson/Phoenix, AZ) Cynthia A. Thompson; (University at Buffalo, 
Buffalo, NY) Jean Wactawski-Wende; (University of Florida, Gainesville/Jacksonville, FL) Marian Limacher; 
(University of Iowa, Iowa City/Davenport, IA) Robert Wallace; (University of Pittsburgh, Pittsburgh, PA) Lewis 
Kuller; (City of Hope Comprehensive Cancer Center, Duarte, CA) Rowan T. Chlebowski; (Wake Forest University 
School of Medicine, Winston-Salem, NC) Sally Shumaker

Women’s Health Initiative Memory Study: (Wake Forest University School of Medicine, Winston Salem, NC) 
Sally Shumaker

Additional information: A full list of all the investigators who have contributed to Women’s Health Initiative 
science appears at: https://www.whi.org/researchers/Documents%20%20Write%20a%20Paper/WHI
%20Investigator%20Long%20List.p.

References

1. Neuhouser ML, Aragaki AK, Prentice RL, Manson JE, Chlebowski R, Carty CL, et al. Overweight, 
obesity, and postmenopausal invasive breast cancer risk: a secondary analysis of the Women’s 
Health Initiative Randomized Clinical Trials. JAMA Oncol 2015;1:611–21. [PubMed: 26182172] 

2. Duffy CM, Assaf A, Cyr M, Burkholder G, Coccio E, Rohan T, et al. Alcohol and folate intake and 
breast cancer risk in the WHI Observational Study. Breast Cancer Res Treat 2009;116:551–62. 
[PubMed: 18785003] 

3. McTiernan A, Kooperberg C, White E, Wilcox S, Coates R, Adams-Campbell LL, et al. 
Recreational physical activity and the risk of breast cancer in postmenopausal women: The 
women’s health initiative cohort study. JAMA 2003;290:1331–6. [PubMed: 12966124] 

4. Luo J, Margolis KL, Wactawski-Wende J, Horn K, Messina C, Stefanick ML, et al. Association of 
active and passive smoking with risk of breast cancer among postmenopausal women: a prospective 
cohort study. BMJ 2011;342:d1016. [PubMed: 21363864] 

5. Prentice RL, Caan B, Chlebowski RT, Patterson R, Kuller LH, Ockene JK, et al. Low-fat dietary 
pattern and risk of invasive breast cancer: The women’s health initiative randomized controlled 
dietary modification trial. JAMA 2006;295:629–42. [PubMed: 16467232] 

6. Thomson CA, Van Horn L, Caan BJ, Aragaki AK, Chlebowski RT, Manson JE, et al. Cancer 
incidence and mortality during the intervention and postintervention periods of the Women’s Health 
Initiative Dietary Modification Trial. Cancer Epidemiol Biomarkers Prev 2014;23:2924. [PubMed: 
25258014] 

7. Catsburg C, Miller AB, Rohan TE. Active cigarette smoking and risk of breast cancer. Int J Cancer 
2015;136:2204–9. [PubMed: 25307527] 

8. Rossi RE, Pericleous M, Mandair D, Whyand T, Caplin ME. The role of dietary factors in 
prevention and progression of breast cancer. Anticancer Res 2014;34:6861–75. [PubMed: 
25503112] 

9. Thomson CA, McCullough ML, Wertheim BC, Chlebowski RT, Martinez ME, Stefanick ML, et al. 
Nutrition and physical activity cancer prevention guidelines, cancer risk, and Mortality in the 
Women’s Health Initiative. Cancer Prev Res 2014;7:42.

10. World Cancer Research Fund/American Institute for Cancer Research. Continuous Update Project 
Report Food, Nutrition, Physical Activity, and the Prevention of Breast Cancer. Arlington, VA: 
American Institute for Cancer Research; 2010 Available from: http://www.wcrf.org/sites/default/
files/Breast-Cancer-2010-Report.pdf.

Arthur et al. Page 10

Cancer Prev Res (Phila). Author manuscript; available in PMC 2019 November 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.whi.org/researchers/Documents%20%20Write%20a%20Paper/WHI%20Inv%20estigator%20Long%20List.p
https://www.whi.org/researchers/Documents%20%20Write%20a%20Paper/WHI%20Inv%20estigator%20Long%20List.p
https://www.whi.org/researchers/Documents%20%20Write%20a%20Paper/WHI%20Inv%20estigator%20Long%20List.p
http://www.wcrf.org/sites/default/files/Breast-Cancer-2010-Report.pdf
http://www.wcrf.org/sites/default/files/Breast-Cancer-2010-Report.pdf


11. Johnson KC, Miller AB, Collishaw NE, Palmer JR, Hammond SK, Salmon AG, et al. Active 
smoking and secondhand smoke increase breast cancer risk: the report of the Canadian Expert 
Panel on Tobacco Smoke and Breast Cancer Risk (2009). Tob Control 2010;20:e2.

12. Wu J, Zeng R, Huang J, Li X, Zhang J, Ho CJ, et al. Dietary protein sources and incidence of 
breast cancer: a dose-response meta-analysis of prospective studies. Nutrients 2016;8:730.

13. Catsburg C, Kim RS, Kirsh VA, Soskolne CL, Kreiger N, Rohan TE. Dietary patterns and breast 
cancer risk: a study in 2 cohorts. Am J Clin Nutr 2015;101:817–23. [PubMed: 25833979] 

14. Brennan SF, Cantwell MM, Cardwell CR, Velentzis LS, Woodside JV. Dietary patterns and breast 
cancer risk: a systematic review and meta-analysis. Am J Clin Nutr 2010;91:1294–302. [PubMed: 
20219961] 

15. Pronk NP, Anderson LH, Crain AL, Martinson BC, O’Connor PJ, Sherwood NE, et al. Meeting 
recommendations for multiple healthy lifestyle factors: Prevalence, clustering, and predictors 
among adolescent, adult, and senior health plan members. Am J Prev Med 2004;27(2 Suppl):25–
33. [PubMed: 15275671] 

16. Pronk NP, Peek CJ, Goldstein MG. Addressing multiple behavioral risk factors in primary care. 
Am J Prev Med 2004;27:4–17. [PubMed: 15275669] 

17. Kabat GC, Matthews CE, Kamensky V, HollenbeckAR, Rohan TE. Adherence to cancer 
prevention guidelines and cancer incidence, cancer mortality, and total mortality: a prospective 
cohort study. Am J Clin Nutr 2015;101:558–69. [PubMed: 25733641] 

18. McKenzie F, Ellison-Loschmann L, Jeffreys M, Firestone R, Pearce N, Romieu I. Healthy lifestyle 
and risk of breast cancer for indigenous and non-indigenous women in New Zealand: a case 
control study. BMC Cancer 2014;14:12. [PubMed: 24410858] 

19. McKenzie F, Ferrari P, Freisling H, Chajѐs V, Rinaldi S, de Batlle J, et al. Healthy lifestyle and risk 
of breast cancer among postmenopausal women in the European Prospective Investigation into 
Cancer and Nutrition cohort study. Int J Cancer 2015;136: 2640–8. [PubMed: 25379993] 

20. Sánchez-Zamorano L, Flores-Luna L, Angeles-Llerenas A, Romieu I, Lazcano-Ponce E, Miranda-
Hernández H, et al. Healthy lifestyle on the risk of breast cancer. Cancer Epidemiol Biomarkers 
Prev 2011;20:912–22 [PubMed: 21335508] 

21. Dartois L, Fagherazzi G, Boutron-Ruault M, Mesrine S, Clavel-Chapelon F. Association between 
five lifestyle habits and cancer risk: results from the E3N cohort. Cancer Prev Res (Phila) 2014; 
7:516. [PubMed: 24574508] 

22. Mueller CB. Stage II breast cancer is not simply a late stage I. Surgery 1988;104:631–8. [PubMed: 
3175861] 

23. Li CI, Uribe DJ, Daling JR. Clinical characteristics of different histologic types of breast cancer. Br 
J Cancer 2005;93:1046–52. [PubMed: 16175185] 

24. Prentice R, Rossouw J, Furberg C, Johnson S, Henderson M, Cummings S, et al. Design of the 
Women’s Health Initiative Clinical Trial and Observational Study. Control Clin Trials 1998;19:61–
109. [PubMed: 9492970] 

25. Ritenbaugh C, Patterson RE, Chlebowski RT, Caan B, Fels-Tinker L, Howard B, et al. The 
women’s health initiative dietary modification trial: overview and baseline characteristics of 
participants. Ann Epidemiol 2003;13:S87–97. [PubMed: 14575941] 

26. Patterson RE, Kristal AR, Tinker LF, Carter RA, Bolton MP, Agurs-Collins T. Measurement 
characteristics of the Women’s Health Initiative Food Frequency Questionnaire. Ann Epidemiol 
1999;9: 178–87. [PubMed: 10192650] 

27. Curb JD, Mctiernan A, Heckbert SR, Kooperberg C, Stanford J, Nevitt M, et al. Outcomes 
ascertainment and adjudication methods in the women’s health initiative. Ann Epidemiol 
2003;13:S122–8. [PubMed: 14575944] 

28. Xue X, Kim MY, Gaudet MM, Park Y, Heo M, Hollenbeck AR, et al. A comparison of the 
polytomous logistic regression and joint cox proportional hazards models for evaluating multiple 
disease subtypes in prospective cohort studies. Cancer Epidemiol Biomarkers Prev 2013;22:275. 
[PubMed: 23292084] 

29. Kwan K, Chlebowski R, McTiernan A, Rodabough R, La Monte M, Martin L, et al. Walking 
speed, physical activity, and breast cancer in postmenopausal women. Eur J Cancer Prev 
2014;23:49–52. [PubMed: 23669264] 

Arthur et al. Page 11

Cancer Prev Res (Phila). Author manuscript; available in PMC 2019 November 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



30. Reiner M, Niermann C, Jekauc D, Woll A. Long-term health benefits of physical activity âe″ a 
systematic review of longitudinal studies. BMC Public Health 2013;13:813. [PubMed: 24010994] 

31. World Cancer Research Fund/American Institute for Cancer Research. Continuous Update Project 
Report Food, Nutrition, Physical Activity, and the Prevention of Breast Cancer. Arlington, VA: 
American Institute for Cancer Research; 2017 Available from: wcrf.org/breast-cancer-2017.

32. Dossus L, Boutron-Ruault M, Kaaks R, Gram IT, Vilier A, Fervers B, et al. Active and passive 
cigarette smoking and breast cancer risk: results from the EPIC cohort. Int J Cancer 
2014;134:1871–88. [PubMed: 24590452] 

33. Tseng M, Weinberg CR, Umbach DM, Longnecker MP. Calculation of population attributable risk 
for alcohol and breast cancer (United States). Cancer Causes Control 1999;10:119–23. [PubMed: 
10231160] 

34. Tamimi RM, Spiegelman D, Smith-Warner S, Wang M, Pazaris M, Willett WC, et al. Population 
attributable risk of modifiable and nonmodifiable breast cancer risk factors in postmenopausal 
breast cancer. Am J Epidemiol 2016;184:884–93. [PubMed: 27923781] 

35. Neutel CI, Morrison H. Could recent decreases in breast cancer incidence really be due to lower 
HRT use? Trends in attributable risk for modifiable breast cancer risk factors in Canadian women. 
Can J Public Health 2010;101:405–9. [PubMed: 21214057] 

36. van den Brandt PA, Schulpen M. Mediterranean diet adherence and risk of postmenopausal breast 
cancer: results of a cohort study and meta-analysis. Int J Cancer 2017;140:2220–31. [PubMed: 
28260236] 

37. Barnes BBE, Steindorf K, Hein R, Flesch-Janys D, Chang-Claude J. Population attributable risk of 
invasive postmenopausal breast cancer and breast cancer subtypes for modifiable and non-
modifiable risk factors. Cancer Epidemiol 2011;35:345–52. [PubMed: 21159569] 

38. Harvie M, Howell A, Evans DG. Can diet and lifestyle prevent breast cancer: what is the evidence? 
Am Soc Clin Oncol Educ Book 2015;35:e66–73.

39. Nomura SJO, Dash C, Rosenberg L, Yu J, Palmer JR, Adams-Campbell LL. Adherence to diet, 
physical activity and body weight recommendations and breast cancer incidence in the Black 
Women’s Health Study. Int J Cancer 2016;139:2738–52. [PubMed: 27578546] 

40. Romaguera D, Gracia-Lavedan E, Molinuevo A, de Batlle J, Mendez M, Moreno V, et al. 
Adherence to nutrition-based cancer prevention guidelines and breast, prostate and colorectal 
cancer risk in the MCC-Spain case–control study. Int J Cancer 2017;141:83–93. [PubMed: 
28380695] 

41. Castelló A, Martín M, Ruiz A, Casas AM, Baena-Cañda JM, Lope V, et al. Lower breast cancer 
risk among women following the World Cancer Research Fund and American Institute for Cancer 
Research Lifestyle Recommendations: EpiGEICAM Case-Control Study. PLoS One 
2015;10:e0126096. [PubMed: 25978407] 

42. Garcia-Closas M, Brinton LA, Lissowska J, Chatterjee N, Peplonska B, Anderson WF, et al. 
Established breast cancer risk factors by clinically important tumour characteristics. Br J Cancer 
2006;95:123–9. [PubMed: 16755295] 

43. Li CI, Chlebowski RT, Freiberg M, Johnson KC, Kuller L, Lane D, et al. Alcohol consumption and 
risk of postmenopausal breast cancer by subtype: The Women’s Health Initiative Observational 
Study. JNCI 2010;102:1422–31. [PubMed: 20733117] 

44. Akinyemiju T, Wiener H, Pisu M. Cancer-related risk factors and incidence of major cancers by 
race, gender and region; analysis of the NIH-AARP diet and health study. BMC Cancer 
2017;17:597. [PubMed: 28854891] 

45. Nomura SJO, Inoue-Choi M, Lazovich D, Robien K. WCRF/AICR recommendation adherence 
and breast cancer incidence among postmenopausal women with and without non-modifiable risk 
factors. Int J Cancer 2016;138:2602–15. [PubMed: 26756307] 

46. Martin A, Weber BL. Genetic and hormonal risk factors in breast cancer. JNCI 2000;92:1126–35. 
[PubMed: 10904085] 

47. Dai X, Xiang L, Li T, Bai Z. Cancer hallmarks, biomarkers and breast cancer molecular subtypes. J 
Cancer 2016;7:1281–94. [PubMed: 27390604] 

48. Yager JD, Davidson NE. Estrogen carcinogenesis in breast cancer. N Engl J Med 2006;354:270–
82. [PubMed: 16421368] 

Arthur et al. Page 12

Cancer Prev Res (Phila). Author manuscript; available in PMC 2019 November 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://wcrf.org/breast-cancer-2017


49. Folkerd E, Dowsett M. Sex hormones and breast cancer risk and prognosis. Breast 2013;22(Suppl 
2):S38–43. [PubMed: 24074790] 

50. Bernstein L. Epidemiology of endocrine-related risk factors for breast cancer. J Mammary Gland 
Biol Neoplasia 2002;7:3–15. [PubMed: 12160084] 

Arthur et al. Page 13

Cancer Prev Res (Phila). Author manuscript; available in PMC 2019 November 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Arthur et al. Page 14

Ta
b

le
 1

.

C
ha

ra
ct

er
is

tic
s 

of
 w

om
en

 f
ro

m
 th

e 
W

om
en

’s
 H

ea
lth

 I
ni

tia
tiv

e 
St

ud
y,

 1
99

3–
20

16
 (

N
 =

 1
31

,8
33

)

B
re

as
t 

ca
nc

er

Y
es

 (
n 

= 
8,

16
8)

N
o 

(n
 =

 1
23

,6
65

)

A
ge

 a
t e

nt
ry

 [
yr

s.
; m

ed
ia

n 
(I

Q
R

)]
63

 (
57

–6
9)

63
 (

57
–6

8)

E
th

ni
ci

ty
: n

 (
%

)

 
W

hi
te

 (
no

t o
f 

H
is

pa
ni

c 
or

ig
in

)
72

28
 (

88
.5

)
10

2,
87

0 
(8

3.
2)

 
B

la
ck

 o
r 

A
fr

ic
an

-A
m

er
ic

an
48

0 
(5

.9
)

10
,3

94
 (

8.
4)

 
O

th
er

44
4 

(5
.4

)
10

,0
91

 (
8.

2)

 
M

is
si

ng
16

 (
0.

2)
31

0 
(0

.3
)

H
ei

gh
t [

cm
; m

ed
ia

n 
(I

Q
R

)]
16

2.
6 

(1
58

.4
–1

66
.6

)
16

1.
8 

(1
57

.5
–1

66
.0

)

E
du

ca
tio

n:
 n

 (
%

)

 
H

ig
h 

sc
ho

ol
 o

r 
le

ss
3,

70
3 

(4
3.

6)
48

,6
93

 (
39

.4
)

 
Po

st
se

co
nd

ar
y/

so
m

e 
co

lle
ge

2,
94

3 
(3

6.
1)

46
,3

81
 (

37
.5

)

 
G

ra
du

at
e 

sc
ho

ol
/s

om
e 

gr
ad

ua
te

 s
ch

oo
l

1,
46

3 
(1

7.
9)

27
,6

56
 (

22
.4

)

 
M

is
si

ng
59

 (
0.

7)
93

5 
(0

.8
)

Fa
m

ily
 h

is
to

ry
 o

f 
br

ea
st

 c
an

ce
r 

in
 f

ir
st

-d
eg

re
e 

re
la

tiv
e:

 n
 (

%
)

1,
86

4 
(2

2.
8)

20
,9

26
 (

16
.9

)

A
ge

 a
t m

en
ar

ch
e 

(y
):

 n
 (

%
)

 
<

12
1,

89
4 

(2
3.

2)
26

,8
87

 (
21

.7
)

 
12

–1
3

4,
53

8 
(5

5.
6)

67
,7

32
 (

54
.8

)

 
≥1

4
1,

70
4 

(2
0.

9)
28

,5
46

 (
23

.1
)

 
M

is
si

ng
32

 (
0.

4)
50

0 
(0

.4
)

Pa
ri

ty
: n

 (
%

)

 
N

ev
er

 b
ee

n 
pr

eg
na

nt
/n

o 
te

rm
 p

re
gn

an
cy

1,
10

7 
(1

3.
6)

14
,5

23
 (

11
.7

)

 
1

71
4 

(8
.7

)
10

,7
60

 (
8.

7)

 
2

2,
12

9 
(2

6.
1)

30
,7

44
 (

24
.9

)

 
3

1,
97

4 
(2

4.
2)

29
,6

81
 (

24
.0

)

 
4+

2,
19

1 
(2

6.
8)

37
,1

45
 (

30
.0

)

 
M

is
si

ng
53

 (
0.

7)
81

2 
(0

.7
)

B
re

as
tf

ed
: n

 (
%

)
4,

17
2 

(5
1.

1)
62

,9
62

 (
50

.9
)

A
ge

 a
t m

en
op

au
se

 (
y)

: n
 (

%
)

Cancer Prev Res (Phila). Author manuscript; available in PMC 2019 November 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Arthur et al. Page 15

B
re

as
t 

ca
nc

er

Y
es

 (
n 

= 
8,

16
8)

N
o 

(n
 =

 1
23

,6
65

)

 
<

45
1,

64
2 

(2
0.

1)
29

,4
69

 (
23

.8
)

 
45

–5
4

4,
74

9 
(5

8.
1)

69
,1

03
 (

55
.9

)

 
≥5

5
1,

05
9 

(1
3.

0)
13

,2
86

 (
10

.7
)

 
M

is
si

ng
71

8 
(8

.8
)

11
,8

07
 (

9.
6)

E
ve

r 
ha

d 
m

am
m

og
ra

m
: n

 (
%

)
8,

04
1 

(9
8.

5)
12

0,
83

1 
(9

7.
7)

H
T

 u
se

: n
 (

%
)

 
N

ev
er

3,
16

6 
(3

8.
8)

53
,7

70
 (

43
.5

)

 
Pa

st
1,

12
8 

(1
3.

8)
19

,5
17

 (
15

.8
)

 
C

ur
re

nt
3,

86
6 

(4
7.

3)
50

,2
68

 (
40

.7
)

 
M

is
si

ng
8 

(0
.1

)
11

0 
(0

.1
)

O
ra

l c
on

tr
ac

ep
tiv

e:
 n

 (
%

)
3,

53
7 

(4
3.

3)
50

,9
04

 (
41

.2
)

H
is

to
ry

 o
f 

be
ni

gn
 b

re
as

t d
is

ea
se

: n
 (

%
)

2,
17

1 
(2

6.
6)

25
,2

43
 (

20
.4

)

N
on

al
co

ho
l e

ne
rg

y 
in

ta
ke

 [
kc

al
/d

y;
 m

ed
ia

n 
(I

Q
R

)]
1,

50
8.

1 
(1

,1
70

.5
–1

,9
18

.8
)

1,
48

0.
0 

(1
,1

37
.5

–1
,9

03
.4

5)

H
L

I 
sc

or
e 

[m
ed

ia
n 

(I
Q

R
)]

9 
(1

2–
14

)
10

 (
12

–1
4)

D
ie

t s
co

re
 [

un
its

; m
ed

ia
n 

(I
Q

R
)]

26
 (

22
–3

2)
26

 (
21

–3
2)

A
lc

oh
ol

 [
g/

dy
; m

ed
ia

n 
(I

Q
R

)]
1.

4 
(0

.0
–7

.4
)

1.
0 

(0
.0

–6
.5

)

Ph
ys

ic
al

 a
ct

iv
ity

 [
M

et
-h

ou
rs

/w
ee

k;
 m

ed
ia

n 
(I

Q
R

)]
9.

0 
(2

.5
–1

8.
0)

8.
8 

(2
.5

–1
8.

5)

B
M

I 
[k

g/
m

2 ;
 m

ed
ia

n 
(I

Q
R

)]
27

.0
 (

23
.8

–3
1.

2)
26

.7
 (

23
.6

–3
0.

8)

Sm
ok

in
g 

st
at

us
: n

 (
%

)

 
N

ev
er

3,
88

4 
(4

7.
6)

62
,2

19
 (

50
.3

)

 
E

x-
sm

ok
er

s 
qu

it 
≥1

0 
y

3,
11

4 
(3

8.
1)

42
,8

60
 (

34
.7

)

 
E

x-
sm

ok
er

s 
qu

it 
<

10
 y

54
9 

(6
.7

)
8,

37
6 

(6
.8

)

 
C

ur
re

nt
 ≤

 1
5 

ci
gs

/d
ay

39
 (

0.
5)

72
8 

(0
.6

)

 
C

ur
re

nt
 >

 1
5 

ci
gs

/d
ay

47
9 

(5
.9

)
7,

85
7 

(6
.4

)

 
M

is
si

ng
10

3 
(1

.3
)

1,
62

5 
(1

.3
)

A
bb

re
vi

at
io

ns
: I

Q
R

, i
nt

er
qu

ar
til

e 
ra

ng
e;

 M
et

, m
et

ab
ol

ic
 e

qu
iv

al
en

t.

Cancer Prev Res (Phila). Author manuscript; available in PMC 2019 November 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Arthur et al. Page 16

Ta
b

le
 2

.

A
ss

oc
ia

tio
ns

 b
et

w
ee

n 
he

al
th

y 
lif

es
ty

le
 s

co
re

 a
nd

 r
is

k 
of

 b
re

as
t c

an
ce

r 
am

on
g 

w
om

en
 f

ro
m

 th
e 

W
om

en
’s

 H
ea

lth
 I

ni
tia

tiv
e 

St
ud

y,
 1

99
3–

20
16

Q
ui

nt
ile

s

≤9
10

–1
1

12
–1

3
14

–1
5

≥1
6

N
o.

 o
f 

ca
se

s

H
R

 
(9

5%
 

C
l)

N
o.

 o
f 

ca
se

s
H

R
 (

95
%

 
C

l)
N

o.
 o

f 
ca

se
s

H
R

 (
95

%
 

C
l)

N
o.

 o
f 

ca
se

s
H

R
 (

95
%

 
C

l)
N

o.
 o

f 
ca

se
s

H
R

 (
95

%
 

C
l)

P
tr

en
d

P
he

te
ro

-g
en

ei
tv

C
on

ti
nu

ou
s 

(p
er

 
un

it
 I

nc
re

as
e 

In
 

sc
or

e)

A
ll 

br
ea

st
 c

an
ce

r 
ca

se
s

1,
82

5
1.

00
1,

66
2

0.
93

 (
0.

87
–

1.
00

)
1,

76
1

0.
85

 (
0.

80
–

0.
91

)
1,

74
6

0.
75

 (
0.

70
–

0.
81

)
1,

36
9

0.
70

 (
0.

64
–

0.
76

)
<

0.
01

0.
96

 (
0.

95
–0

.9
7)

R
ec

ep
to

r 
st

at
us

 
E

R
+

/P
R

+
1,

23
3

1.
00

1,
08

5
0.

89
 (

0.
82

–
0.

97
)

1,
16

7
0.

82
 (

0.
76

–
0.

89
)

89
6

0.
72

 (
0.

65
–

0.
78

)
65

9
0.

63
 (

0.
57

–
0.

69
)

<
0.

01
0.

95
 (

0.
94

–0
.9

6)

 
E

R
+

/P
R

−
20

5
1.

00
21

3
1.

05
 (

0.
87

–
1.

28
)

20
4

0.
87

 (
0.

71
–

1.
06

)
19

7
0.

95
 (

0.
78

–
1.

16
)

15
9

0.
92

 (
0.

74
–

1.
14

)
0.

26
0.

99
 (

0.
97

–1
.0

1)

 
E

R
−

/P
R

−
21

2
1.

00
20

2
1.

03
 (

0.
85

–
1.

25
)

22
2

1.
02

 (
0.

84
–

1.
24

)
15

9
0.

85
 (

0.
69

–
1.

05
)

13
3

0.
86

 (
0.

69
–

1.
09

)
0.

09
0.

40
0.

98
 (

0.
96

–1
.0

1)

H
E

R
2

 
Po

si
tiv

e
19

1
1.

00
17

6
0.

95
 (

0.
78

–
1.

17
)

16
6

0.
78

 (
0.

63
–

0.
96

)
14

1
0.

75
 (

0.
60

–
0.

94
)

11
2

0.
70

 (
0.

55
–

0.
90

)
<

0.
01

0.
95

 (
0.

93
–0

.9
8)

 
N

eg
at

iv
e

1,
19

7
1.

00
1,

08
1

0.
92

 (
0.

85
–

1.
00

)
1,

16
2

0.
86

 (
0.

79
–

0.
93

)
89

5
0.

75
 (

0.
69

–
0.

82
)

66
5

0.
67

 (
0.

60
–

0.
73

)
<

0.
01

0.
47

0.
96

 (
0.

95
–0

.9
7)

T
ri

pl
e 

ne
ga

tiv
e

12
5

1.
00

11
8

1.
02

 (
0.

79
–

1.
32

)
13

9
1.

08
 (

0.
85

–
1.

39
)

93
0.

85
 (

0.
64

–
1.

12
)

71
0.

78
 (

0.
58

–
1.

07
)

0.
07

0.
96

 (
0.

95
–1

.0
0)

Po
si

tiv
e 

ly
m

ph
 

no
de

 
Y

es
62

9
1.

00
56

3
0.

92
 (

0.
82

–
1.

03
)

55
5

0.
79

 (
0.

71
–

0.
89

)
44

4
0.

73
 (

0.
64

–
0.

82
)

36
8

0.
73

 (
0.

64
–

0.
83

)
<

0.
01

0.
96

 (
0.

95
–0

.9
8)

 
N

o
1,

17
2

1.
00

1,
08

3
0.

94
 (

0.
87

–
1.

02
)

1,
17

4
0.

88
 (

0.
81

–
0.

96
)

91
3

0.
77

 (
0.

71
–

0.
85

)
69

0
0.

70
 (

0.
63

–
0.

77
)

<
0.

01
0.

29
0.

96
 (

0.
95

–0
.9

7)

G
ra

de

 
W

el
l-

di
ff

er
en

tia
te

d
44

3
1.

00
41

8
0.

94
 (

0.
82

–
1.

07
)

49
0

0.
93

 (
0.

82
–

1.
07

)
37

7
0.

80
 (

0.
70

–
0.

92
)

27
2

0.
68

 (
0.

58
–

0.
80

)
<

0.
01

0.
95

 (
0.

95
–0

.9
8)

 
M

od
er

at
el

y 
di

ff
er

en
tia

te
d

73
1

1.
00

70
6

0.
98

 (
0.

88
–

1.
09

)
70

7
0.

85
 (

0.
76

–
0.

94
)

55
6

0.
76

 (
0.

67
–

0.
85

)
47

0
0.

76
 (

0.
67

–
0.

86
)

<
0.

01
0.

97
 (

0.
95

–0
.9

8)

 
Po

or
ly

 
di

ff
er

en
tia

te
d

43
3

1.
00

36
7

0.
90

 (
0.

78
–

1.
03

)
38

2
0.

83
 (

0.
72

–
0.

95
)

30
0

0.
75

 (
0.

64
–

0.
87

)
20

8
0.

63
 (

0.
53

–
0.

75
)

<
0.

01
0.

29
0.

96
 (

0.
94

–0
.9

7)

St
ag

e

Cancer Prev Res (Phila). Author manuscript; available in PMC 2019 November 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Arthur et al. Page 17

Q
ui

nt
ile

s

≤9
10

–1
1

12
–1

3
14

–1
5

≥1
6

N
o.

 o
f 

ca
se

s

H
R

 
(9

5%
 

C
l)

N
o.

 o
f 

ca
se

s
H

R
 (

95
%

 
C

l)
N

o.
 o

f 
ca

se
s

H
R

 (
95

%
 

C
l)

N
o.

 o
f 

ca
se

s
H

R
 (

95
%

 
C

l)
N

o.
 o

f 
ca

se
s

H
R

 (
95

%
 

C
l)

P
tr

en
d

P
he

te
ro

-g
en

ei
tv

C
on

ti
nu

ou
s 

(p
er

 
un

it
 I

nc
re

as
e 

In
 

sc
or

e)

 
L

oc
al

1,
30

5
1.

00
1,

21
5

0.
94

 (
0.

87
–

1.
02

)
1,

30
2

0.
87

 (
0.

80
–

0.
94

)
1,

04
0

0.
79

 (
0.

72
–

0.
85

)
79

0
0.

71
 (

0.
65

–
0.

78
)

<
0.

01
0.

97
 (

0.
96

–0
.9

7)

 
R

eg
io

na
l/d

is
ta

nt
 

m
et

as
ta

tic
47

1
1.

00
42

0
0.

94
 (

0.
82

–
1.

07
)

41
2

0.
81

 (
0.

71
–

0.
93

)
30

2
0.

68
 (

0.
59

–
0.

79
)

25
2

0.
69

 (
0.

59
–

0.
81

)
<

0.
01

0.
69

0.
96

 (
0.

94
–0

.9
7)

N
O

T
E

: A
dj

us
te

d 
fo

r 
ag

e 
at

 e
nt

ry
, e

du
ca

tio
n,

 n
on

al
co

ho
l e

ne
rg

y 
in

ta
ke

, e
th

ni
ci

ty
, a

ge
 a

t m
en

ar
ch

e,
 p

ar
ity

, b
re

as
tf

ee
d,

 h
is

to
ry

 o
f 

m
am

m
og

ra
m

s,
 H

T
 s

ta
tu

s,
 o

ra
l c

on
tr

ac
ep

tiv
e 

us
e,

 a
ge

 a
t m

en
op

au
se

, f
am

ily
 

hi
st

or
y,

 a
nd

 h
is

to
ry

 o
f 

B
B

D
.

Cancer Prev Res (Phila). Author manuscript; available in PMC 2019 November 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Arthur et al. Page 18

Ta
b

le
 3

.

A
ss

oc
ia

tio
ns

 b
et

w
ee

n 
th

e 
H

L
I 

sc
or

e 
an

d 
ri

sk
 o

f 
br

ea
st

 c
an

ce
r 

by
 e

th
ni

ci
ty

, a
nd

 f
am

ily
 h

is
to

ry
 a

m
on

g 
w

om
en

 f
ro

m
 th

e 
W

om
en

’s
 H

ea
lth

 I
ni

tia
tiv

e 
St

ud
y,

 

19
93

–2
01

6

H
T

 u
se

E
th

ni
ci

ty
F

am
ily

 h
is

to
ry

N
ev

er
P

as
t

C
ur

re
nt

W
hi

te
B

la
ck

O
th

er
Y

es
N

o

C
on

tin
uo

us
 (

pe
r 

un
it 

sc
or

e)
 Q

ui
nt

ile
s

0.
96

 (
0.

93
–1

.0
0)

0.
96

 (
0.

95
–0

.9
8)

0.
96

 (
0.

95
–0

.9
7)

0.
96

 (
0.

95
–0

.9
7)

0.
98

 (
0.

95
–1

.0
0)

0.
96

 (
0.

93
–1

.0
0)

0.
96

 (
0.

95
–0

.9
8)

0.
96

 (
0.

95
–0

.9
8)

 
≤9

 p
oi

nt
s

 
 

N
o.

 o
f 

ca
se

s
81

3
30

5
70

6
1,

59
9

15
2

72
39

0
88

1

 
 

H
R

 (
95

%
 C

l)
1.

00
1.

00
1.

00
1.

00
1.

00
1.

00
1.

00
1.

00

 
10

–1
1 

po
in

ts

 
 

N
o.

 o
f 

ca
se

s
64

8
23

0
78

2
1,

47
5

10
7

79
39

4
74

3

 
 

H
R

 (
95

%
 C

l)
0.

89
 (

0.
81

–0
.9

9)
0.

80
 (

0.
68

–0
.9

6)
1.

02
 (

0.
92

–1
.1

3)
0.

93
 (

0.
86

–1
.0

0)
0.

92
 (

0.
72

–1
.1

8)
1.

03
 (

0.
75

–1
.4

3)
1.

00
 (

0.
87

–1
.1

5)
0.

90
 (

0.
82

–1
.0

0)

 
13

–1
4 

po
in

ts

 
 

N
o.

 o
f 

ca
se

s
65

9
22

9
85

7
1,

54
4

92
10

5
39

1
73

0

 
 

H
R

 (
95

%
 C

l)
0.

84
 (

0.
75

–0
.9

3)
0.

70
 (

0.
58

–0
.8

3)
0.

92
 (

0.
83

–1
.0

2)
0.

83
 (

0.
78

–0
.9

0)
0.

86
 (

0.
66

–1
.1

3)
1.

04
 (

0.
77

–1
.4

2)
0.

88
 (

0.
76

–1
.0

2)
0.

84
 (

0.
74

–0
.9

1)

 
14

–1
5 

po
in

ts

 
 

N
o.

 o
f 

ca
se

s
49

2
15

9
71

6
1,

22
0

62
83

32
0

54
4

 
 

H
R

 (
95

%
 C

l)
0.

76
 (

0.
68

–0
.8

6)
0.

57
 (

0.
47

–0
.6

9)
0.

82
 (

0.
74

–0
.9

1)
0.

75
 (

0.
69

–0
.8

1)
0.

78
 (

0.
57

–1
.0

6)
0.

84
 (

0.
60

–1
.1

7)
0.

79
 (

0.
67

–0
.9

2)
0.

75
 (

0.
67

–0
.8

4)

 
≥1

6 
po

in
ts

 
 

N
o.

 o
f 

ca
se

s
35

2
12

0
58

8
93

6
40

83
23

6
39

2

 
 

H
R

 (
95

%
 C

l)
0.

66
 (

0.
58

–0
.7

5)
0.

54
 (

0.
43

–0
.6

7)
0.

79
 (

0.
70

–0
.8

8)
0.

70
 (

0.
64

–0
.7

6)
0.

74
 (

0.
53

–1
.0

9)
0.

76
 (

0.
54

–1
.0

7)
0.

69
 (

0.
58

–0
.8

2)
0.

72
 (

0.
63

–0
.8

1)

P t
re

nd
<

0.
01

<
0.

01
<

0.
01

<
0.

01
0.

05
0.

05
<

0.
01

<
0.

01

P i
nt

er
ac

tio
n

0.
74

0.
78

0.
76

N
O

T
E

: A
dj

us
te

d 
fo

r 
ag

e 
at

 e
nt

ry
, e

du
ca

tio
n,

 n
on

al
co

ho
l e

ne
rg

y 
in

ta
ke

, e
th

ni
ci

ty
, a

ge
 a

t m
en

ar
ch

e,
 p

ar
ity

, b
re

as
tf

ee
d,

 h
is

to
ry

 o
f 

m
am

m
og

ra
m

s,
 H

T
 s

ta
tu

s,
 o

ra
l c

on
tr

ac
ep

tiv
e 

us
e,

 a
ge

 a
t m

en
op

au
se

, f
am

ily
 

hi
st

or
y,

 a
nd

 h
is

to
ry

 o
f 

B
B

D
.

Cancer Prev Res (Phila). Author manuscript; available in PMC 2019 November 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Arthur et al. Page 19

Table 4.

Associations between HLI score, the HLI components, and risk of breast cancer among women from the 

Women’s Health Initiative Study, 1993–2016

No. of cases n = 8,168 HR (95% CI)

Diet score
a

 1st quintile 1,660 1.00

 2nd quintile 2,058 1.04 (0.97–1.12)

 3rd quintile 1,634 1.02 (0.95–1.10)

 4th quintile 1,542 0.99 (0.92–1.07)

 5th quintile 1,274 0.95 (0.88–1.04)

Ptrend 0.12

Alcohol (g/dy)

 None 1,516 0.99 (0.93–1.05)

 >0–4.9 4,021 1.00

 >4.9–9.9 943 0.99 (0.92–1.07)

 >9.9–19.9 992 1.06 (0.99–1.14)

 >19.9 698 1.17 (1.07–1.27)

Ptrend <0.01

Physical activity (MET-hours/wk)
a

 1st quintile 1,610 1.00

 2nd quintile 1,460 1.00 (0.93–1.07)

 3rd quintile 1,588 0.99 (0.92–1.06)

 4th quintile 1,635 0.99 (0.92–1.06)

 5th quintile 1,514 0.89 (0.83–0.96)

 Missing 361

Ptrend 0.01

BMI (kg/m2)

 <18.5 43 0.63 (0.46–0.85)

 18.5–24.9 2,712 1.00

 25.0–29.9 2,821 1.11 (1.05–1.17)

 30.0–34.9 1,533 1.25 (1.17–1.34)

 35+ 995 1.45 (1.33–1.57)

 Missing 64

Ptrend <0.01

Cigarette smoking

 Never 3,884 1.00

 Ex-smokers quit ≤ 10 years 3,114 1.13 (1.07–1.18)

 Ex-smokers quit > 10 years 549 0.99 (0.91–1.09)

 Current ≤ 15 cigarettes/day 39 1.01 (0.73–1.39)

 Current> 15 cigarettes/day 479 1.15 (1.04–1.27)

 Missing 103
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No. of cases n = 8,168 HR (95% CI)

Ptrend <0.01

NOTE: Adjusted for age at entry, education, non-alcohol energy intake, ethnicity, age at menarche, parity, breastfeed, history of mammograms, HT 
status, oral contraceptive use, age at menopause, family history, history of BBD, diet, alcohol intake, physical activity, and BMI smoking unless 
included as main exposure.

Abbreviation: MET = metabolic equivalent.

a
Cut-off points: Diet score: 0–20, 21–25, 26–29, 30–34, >34; physical activity (MET-hours/wk): ≤1.5, >1.5–6, >6–12, >12–21.5, >21.5.
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