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Abstract

Meat consumption has been postulated to increase the risk of breast cancer, but this association has
not been consistently seen. We examined the association between consumption of different types
of meat, meat mutagens, and incident invasive breast cancer. Information on consumption of
different meat categories and meat cooking practice behaviors was obtained from 42,012 Sister
Study participants who completed a Block 1998 food frequency questionnaire at enroliment
(2003-2009) and satisfied eligibility criteria. Exposure to meat type and meat mutagens was
calculated, and associations with invasive breast cancer risk were estimated using multivariable
Cox proportional hazards regression. During follow-up (mean, 7.6 years), 1,536 invasive breast
cancers were diagnosed at least 1 year after enrollment. Increasing consumption of red meat was
associated with increased risk of invasive breast cancer (HRpjgnhest vs. lowest quartile:1.23, 95% CI:
1.02-1.48, Preng =0.01). Conversely, increasing consumption of poultry was associated with
decreased invasive breast cancer risk (HR pighest vs. lowest quartile: 0-85; 95% CI: 0.72-1.00; Preng =
0.03). In a substitution model with combined red meat and poultry consumption held constant,
substituting poultry for red meat was associated with decreased invasive breast cancer risk (HR
highest vs. lowest quartile: 0-72, 95% CI: 0.58-0.89). No associations were observed for cooking
practices, estimated heterocyclic amines, or heme iron from red meat consumption with breast
cancer risk. Red meat consumption may increase the risk of invasive breast cancer, whereas
poultry consumption may be associated with reduced risk. Substituting poultry for red meat could
reduce breast cancer risk.
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INTRODUCTION

Breast cancer is the most common cancer in women in the U.S. and internationally 1.
Disparities in the rate of breast cancer across different countries are likely to arise from
lifestyle and environmental factors, including diet 2. In 2015, the International Agency for
Research on Cancer (IARC) evaluated the carcinogenicity of red meat consumption and
announced that it is “probably carcinogenic to humans” (Group 2A) 3. Meat consumption
has been indicated to increase the risk of breast cancer in ecological studies, but in several
cohort studies, this association has not been consistent 2 4-6,

Cooking methods and doneness of meat are likely to modify or mediate the magnitude of
this association 7. Certain cooking practices may be associated with higher risks of cancer,
primarily through the exposure of mutagenic compounds such as polyaromatic hydrocarbons
and heterocyclic amines related to meat preparation practices 8. Few studies have examined
general meat and poultry consumption, cooking methods, and doneness together in relation
to breast cancer risk to examine potential effect modification or mediation of cooking
methods or meat doneness on meat and poultry consumption °.

Breast cancer has a heterogeneous etiology varied by hormone receptor status and
menopausal status. Past studies are limited in the extent of information for tumor
characteristics such as estrogen receptor status 8. Furthermore, past studies were unable to
account for changes in menopausal status after baseline €. To examine this relationship in a
comprehensive manner, we investigated the relationship of general meat and poultry
consumption as well as meat cooking methods, doneness, and meat mutagens to breast
cancer incidence utilizing data from the Sister Study, a large, U.S.-based prospective cohort
study.

MATERIALS AND METHODS

Study population

The Sister Study is a U.S. and Puerto Rico-based nationwide prospective cohort study that
evaluates environmental and genetic risk factors for breast cancer. The enroliment period
was between 2003-2009; eligible participants were 35 to 74-year old women who had no
previous diagnosis of breast cancer and are sisters or half-sisters of women diagnosed with
breast cancer. A total of 50,884 women completed the extensive baseline enrollment process,
which consisted of comprehensive interview and self-completed questionnaires covering
medical and family cancer history as well as lifestyle and demographic characteristics,
including diet and a home exam during which height, weight, and weight and hip
circumference were measured. Details of the study design, data collection, and outcome
measurements are described elsewhere 1011, The Sister Study was approved by National
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Institute of Environmental Health Services/NIH and Copernicus Group Institutional Review
Boards, and all participants provided written informed consent.

Exposure measurement

Dietary data were collected at baseline from a modified version of validated 110-item 1998
Block Food Frequency Questionnaire (FFQ) 1213, The FFQ asked participants to report their
average frequency and serving size—small, medium, or large - of each food and beverage
item listed, with a supplemental page visually representing the different serving sizes for
reference. Based on the information obtained by FFQ, food groups were created using the
Food Patterns Equivalents Database (FPED) 2011-2012, developed by the USDA 14, Red
meat consumption consists of the meat FPED component (beef, veal, pork, lamb, and game
meat). White meat includes the poultry FPED component (chicken, turkey, Cornish hens,
duck, goose, quail, and pheasant/game birds), the seafood high in 7-3 fatty acids FPED
component, and the seafood low in /-3 fatty acids FPED component!4. Cured/processed
meat consists of frankfurters, sausages, corned beef, cured ham and luncheon meat made
from beef, pork, or poultry. All mentioned food categories have units of ounce-equivalents
and were categorized into quartiles 4.

Cooking practices were determined from the participant’s responses to multiple-choice
questions on the FFQ for individual meat items. For example, participants were asked
“When you eat steak, how is it usually cooked” with options “Don’t eat steak”, “Pan Fried”,
“Oven broiled”, and “Grilled or barbecued” for usual cooking method, and “When you eat
steak how well done is it usually cooked” with options “Don’t eat steak”, “Rare”, “Medium
rare”, “Medium”, “Medium well done”, “Well done”, “Very well done”, and “Charred” for
usual doneness.

Meat mutagens were estimated using the Computerized Heterocyclic Amines Resource for
Research in Epidemiology of Disease (CHARRED) version 1.7 (https://dceg.cancer.gov/
tools/design/charred). Estimations of HCAs 2-amino-3,4,8-trimethyl-imidazo[4,5-
Alquinoxaline (DiMelQx), 2-amino-1-methyl-6-phenyl-imidazo[4,5- f]pyridine (PhIP), and
2-amino-3,8-dimethyl-imidazo[4,5- flquinoxaline (MelQx), in addition to polycyclic
aromatic hydrocarbon (PAH) exposure marker benzo[a]pyrene (B[4]P) were calculated with
CHARRED based on self-reported cooking methods from the FFQ for steak, hamburger, and
pork chop 15. Heme iron estimations based on steak, hamburger, and pork chop doneness
and cooking methods were calculated from the NCI heme iron database 1°.

Assessment of breast cancer

Breast cancer diagnoses were self-reported during annual follow-ups. Women who reported
a breast cancer diagnosis were contacted for additional information about tumor
characteristics and permission to retrieve medical records, which were obtained for 82% of
cases. We did not systematically collect information on reasons why some women did not
provide medical record authorization. Anecdotally, some women indicated that they did not
see the need for medical records after providing the information themselves. Others had
concerns about bothering their providers. Agreement between self-reported breast cancer
diagnosis and medical records was high (positive predictive value over 99% for overall,
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invasive, and estrogen receptor-positive breast cancer; 83% for estrogen receptor-negative
disease) and confirmation rates were not systemically different by demographic factors such
as race/ethnicity or age.1! Therefore, self-reported information was used when medical
records were not obtained. Follow-up was through August 14, 2015 (data release 5.0.2).

Statistical analysis

Participants were excluded from the study if they had missing FFQs (N=1,145), missing
covariate data (N=3,481), a previous cancer diagnosis (N=2,757), extreme caloric
consumption (<600 or >3,500 kcal/day, N=1,469), extreme body mass index (BMI) (<15 or
>50 kg/m2, N=284), or were pregnant at baseline (N=20), or less than one-year of follow-up
(N=458), resulting in a total sample of 42,012 with 275,922 person-years of follow-up in the
analysis after excluding first year of follow-up after enrollment to reduce bias from reverse-
causality related to undetected tumors present at baseline (Supplemental Figure 1). Person-
time was calculated from the age one year after enrollment until the age of breast cancer
diagnosis or until death, last follow-up or when they dropped out of the study. Participants
diagnosed with /n situ breast cancer were censored at the time of diagnosis. If a participant
was diagnosed with one type of breast cancer, they were censored for all other types of
breast cancer at the time of diagnosis (i.e. if participant is diagnosed with ER+, she is
censored for ER-).

Multivariable Cox proportional hazard models were implemented to estimate hazard ratios
and 95% confidence intervals for total invasive breast cancer. Potential confounders were
identified a prioribased on literature review and presumed causal relationships among the
covariates:18 race/ ethnicity (non-Hispanic white, non-Hispanic black, other), household
income (< $49,999, $50,000 to $99,999, = $100,000), educational attainment (high school
degree or less, some college, college degree or higher), baseline menopausal status (binary),
BMI (continuous), interaction term between baseline menopausal status and BMI, waist-to-
hip ratio (continuous), total energy intake (kcal/day), consumption of vegetables (quintiles),
consumption of fruit (quintiles), percent calories from fat (quartiles), dairy consumption
(quartiles), number of relatives diagnosed with breast cancer before the age of 50 (0, 1, =2),
lifetime duration of breastfeeding (none and tertiles among women with any breastfeeding),
hormone therapy (none, estrogen only, both estrogen and progesterone), parity (0, 1, 2, =3
births), birth control pill use (never, former, current), alcohol consumption (never drinker,
former drinker, current drinker <1 drink/day, current drinker 1-1.9 drinks/day, current
drinker =2 drinks/day), total MET-hours of leisure-time physical activity per week
(quintiles), and smoking status (=20 pack years, <20 and =10 pack years, < 10 and > 0 pack
years, never smoker). The proportional hazards assumption was checked utilizing Martingale
residuals and there was no significant departure from proportionality in hazards over time.
For all analyses, age was used as the primary time scale.

Potential effect modification was analyzed with likelihood ratio tests for time varying
menopausal status, physical activity, family history of breast cancer, and race/ethnicity.
Time-varying menopausal status contributed to follow-up time at risk for either
premenopausal or post-menopausal breast cancer and was considered for both incident cases
and non-cases. A case-only analysis was applied to determine differences in the association
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between meat consumption and invasive breast cancer by ER status. A case-only analysis is
often used to explore etiological heterogeneity with respect to the risk factor under study.
17-19 Tests for linear trend across quartiles of meat consumption were performed by
modeling the median value of each quatrtile.

Addition models were implemented to investigate the effect of an independent increase in
consumption of each type of meat with other meats held constant, and each type of meat was
mutually adjusted for other meat categories 20. To disentangle the breast cancer risk with the
various nested sub-categories of meat, four addition models were utilized with sequentially
more specific meat categories. The categories were the following: sum of all meat categories
(poultry, seafood, red meat, and cured meat) (Model 1), white meat (combination of poultry
and seafood) and sum of red and cured meat (Model 2), red meat, white meat, and cured
meat (Model 3), and red meat, poultry, seafood, and cured meat (Model 4). Model 4, as it
includes all individual meat categories, can be considered the most appropriate for inference.
Substitution models were utilized to estimate hazard ratios for the substitution effects of one
type of meat for the other type of meat while keeping consumption of two types of meat
constant. 20-22 Here, consumption of two types of meat was held constant, such that an
increase in one type of meat intake is offset by an equal decrease in the other type of meat.
For example, in the substitution model including poultry and combined consumption of red
meat and poultry, the regression coefficient for poultry consumption provides the estimate
for the effect of substituting poultry for red meat.

In a sensitivity analysis, we repeated our main analyses after excluding BMI and waist-to-
hip ratio in all models, since obesity might be both a confounder and mediator of
associations between diet and breast cancer risk. In addition, we performed an additional
adjustment for Healthy Eating Index (HE1)-2015 23 to explore the effect of overall diet
quality that may be related to a healthier lifestyle. Statistical significance was evaluated with
two-sided tests, with the level of significance at 0.05. All statistical analyses were conducted
using SAS 9.4 (SAS Institute Inc., Cary, NC, USA).

Descriptive characteristics of study participants by quartile of total meat consumption are
shown in Table 1. In general, women who had higher consumption of meat were younger,
had higher BMI, less physical activity, higher consumption of calories, vegetables, and dairy,
higher percent calories from fat, shorter lifetime duration of breastfeeding, and were more
likely to have smoked or consumed alcohol. Characteristics by quartile of red meat
consumption and quartile of poultry consumption are shown in Supplemental Table 1. Study
participants with higher red meat consumption had worse health behaviors overall and
stronger family history of breast cancer compared to those with lower red meat
consumption. In terms of poultry consumption, study participants with higher poultry
consumption had more years of education and had stronger family history compared to those
with lower poultry consumption.

A total of 1,536 cases of invasive breast cancer cases were diagnosed during follow-up from
1 year after enrollment (mean, 7.6 years including first year of follow-up). Associations
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between categories of meat consumption and risk of invasive breast cancer are displayed in
Table 2 and Supplemental Table 3. Increased consumption of all meat was positively
associated with risk of invasive breast cancer in age-adjusted model (Supplemental Table 2),
but the significant association disappeared after multivariable-adjustment (Table 2).
Covariates that accounted over a 10% change in the regression coefficient of the highest
quartile of all meat intake from unadjusted and multivariable-adjusted models include: total
calorie intake (kcal), vegetable consumption, percent of calories from fat, and BMI. In
models including red and white meat (Model 2) and also cured meats (Model 3), higher
consumption of red meat was associated with invasive breast cancer: Model 3

(HRhighest to lowest quartile = 1.22, 95% CI: 1.01-1.46, Pyeng = 0.02) and Model 4

(HRnighest to lowest quartile =1.23, 95% CI: 1.02-1.48, Pyeng = 0.04). White meat consumption
was not associated with invasive breast cancer (Models 2 and 3), however when white meat
from poultry and seafood were considered separately (Model 4), poultry consumption was
found to be inversely associated with invasive breast cancer (HRhighest to lowest quartile = 0-85,
95% CI: 0.73-1.00, Pyreng = 0.02).

Associations between red meat and poultry and total invasive breast cancer risk and by
estrogen receptor status as well as time-varying menopausal status with substitution and
addition models are displayed on Table 3 and Supplemental Table 3. From the substitution
models, substituting red meat for poultry increased total breast cancer risk when total
consumption of red meat and poultry is held constant (HRpighest to lowest quartile =1.29, 95%
Cl: 1.03-1.61, Pyeng = 0.01). Substituting poultry for red meat was found to have an inverse
association with breast cancer when holding total red meat and poultry consumption fixed
(HRhighest to lowest quartile = 072, 95% CI: 0.58-0.89, Pyreng = 0.002). Overall, associations
with meat and poultry consumption did not differ significantly by estrogen receptor status.
For postmenopausal invasive breast cancer, red meat consumption was positively associated
(HRhighest to lowest quartile = 1.28, 95% CI: 1.04-1.56, Pyeng = 0.006), whereas poultry
consumption was inversely associated. (HRpighest to lowest quartile = 0.80, 95% CI: 0.66-0.96,
Pirend = 0.005). Premenopausal breast cancer was not significantly associated with meat
consumption patterns. Patterns were also similar in substitution models for postmenopausal
breast cancer.

Stratified analyses (by ethnicity, family history, and physical activity) for the association
between meat and invasive breast cancer are shown in Supplemental Table 4. The positive
association between meat and breast cancer was more pronounced among women with more
relatives that were diagnosed with breast cancer before the age of 50

(HRhighest to lowest quartile= 1.40, 95% CI: 1.20-1.78), whereas the inverse association
between poultry consumption and invasive breast cancer risk was more pronounced in
women who did not have a relative that was diagnosed with breast cancer before the age of
50 (HRhighest to lowest quartile = 0-80, 95% CI: 0.61-1.03), although significant interactions
were not observed. We also found a significant interaction of physical activity on the
association between red meat consumption and invasive breast cancer risk (Pinteraction=
0.004), indicating that among women with high physical activity, increasing red meat
consumption contributed to a greater risk of invasive breast cancer (Pgeng = 0.001) compared
to women with lower physical activity (Ptreng = 0.9).
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The association of cooking method, doneness, estimated heterocyclic amines, and estimated
heme iron from red meat consumption with total invasive breast cancer is shown in Table 4.
Grilled red meat (combined consumption of steak, pork chop, and hamburger in grams per
day) and at least well/very well done red meat were not associated with invasive breast
cancer risk. Consumption of both grilled and at least well/very well done red meat was not
associated with invasive breast cancer risk. Levels of DiMelQx, MelQx, PhIP, and B[4]P
were not associated with invasive breast cancer risk. There was no significant pattern of
association between increasing quartiles of heme iron and invasive breast cancer risk. No
differences were observed by ER status or by menopausal status (data not shown). When we
analyzed the data after excluding BMI and waist-to-hip ratio in all models, findings were not
materially changed (data not shown). Sensitivity analyses with an additional adjustment for
the HEI-2015 did not materially change the overall results (Supplemental Table 5).

DISCUSSION

In this large prospective cohort study, we found that red meat consumption increased the risk
of invasive breast cancer, whereas poultry consumption was associated with reduced risk,
particularly for postmenopausal invasive breast cancer. These associations were more
pronounced in substitution models, indicating that substituting poultry for red meat
decreases breast cancer risk when the total consumption of red meat and poultry is fixed and
substituting red meat for poultry increases breast cancer risk when total consumption of red
meat and poultry is fixed.

There are inconsistent findings across previous epidemiological studies of the association
between red meat consumption and breast cancer. Anderson et al. reported no association
between red meat consumption and breast cancer risk in a meta-analysis of 11 prospective
cohorts, whereas Farvid et al. reported borderline significant positive associations between
red meat consumption and breast cancer risk in a meta-analysis of 13 cohort, 3 nested case—
control and 2 clinical trial studies > 24. An association between red meat and breast cancer
may be due to dietary heme iron, fat, and A-glycolylneuraminic acid as these compounds
found in red meat are indicated to possibly increase tumor formation 25. However, we did
not find significant association between quartiles of heme iron and breast cancer risk in the
present study (Table 4). Another plausible explanation for this association may be the
carcinogenic byproducts resulting from the high-heat cooking practices of meat such as
polycyclic aromatic hydrocarbons and heterocyclic amines & 2% 26 As we found that
cooking practices were not associated with breast cancer in our analyses, there is a need for
further studies on the possible explanations of the association.

We observed a significant inverse association between poultry consumption and risk of
breast cancer in the present study. Many studies found non-significant associations between
poultry and breast cancer risk % 27-29 and non-significant inverse associations 8 30. 31
whereas a few studies found significant inverse associations of poultry and white meat
consumption with breast cancer 32-3%, One study found a significant inverse association with
poultry and white meat consumption only among Hispanic women 33, another found a
significant inverse association with white meat among Uruguayan women 34 35_ A study of
Californian women found that white meat and chicken consumption were significantly
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protective of breast cancer risk 32. The inconsistencies between past findings for poultry and
breast cancer risk may relate to whether diets captured poultry with or without skin to
examine this association 34. Basing poultry consumption on the lean portion only (i.e.
without skin and extra fat) may contribute to the inverse association with breast cancer found
in our study 4. This association may also be due, in part, to residual confounding, as those
who reported higher consumptions of poultry had generally healthier dietary patterns
compared to those with lower consumptions of poultry. Individuals who consume higher
amounts of poultry may also have healthier lifestyle patterns compared to those who
consume lower amounts of poultry, although we accounted for such differences in our
models. The fact that the inverse association with poultry was more pronounced in the
substitution analysis suggests that association between poultry and breast cancer risk may
arise from differences between red meat and poultry, such as saturated fat content or heme
iron 21, Past literature suggests that poultry consumption, in comparison to red meat
consumption, may promote lower levels of mutagenic activity, oxidative stress, and DNA
damage 21 36, Further research should examine possible mechanisms for a protective effect
of poultry consumption on risk of breast cancer.

As breast cancer risk differs by menopausal status, the association between red meat
consumption and breast cancer risk could differ between premenopausal and
postmenopausal women 37, Some studies have found that associations were similar for
premenopausal and postmenopausal women 7: 9. 33. 38 \whereas others found differences in
the association by menopausal status 24 28. 34,39, 40 jn \which postmenopausal women
generally had larger effect sizes for all meat types compared to premenopausal women. In
this study, we found greater associations of red meat consumption and poultry consumption
among postmenopausal women compared to premenopausal women. However, we did not
find significant interaction with menopausal status, perhaps because of substantially lower
power for premenopausal analyses.

To our knowledge, four cohort studies 27+ 29: 37, 41, 42 and one pooled case-control analysis 33
examined meat consumption and breast cancer risk by estrogen receptor status with most
finding no significant differences by estrogen receptor status °. Our findings are consistent
with past literature as we found that there was no significant heterogeneity in meat-
associated breast cancer risk by estrogen receptor status.

Although we did not find a significant association between red meat cooking practices and
breast cancer risk, there is some evidence in the literature indicating a positive association
between certain meat cooking practices, notably those that utilize high temperatures/
smoking, and cancer risk, but the associations between breast cancer and meat cooking
practices are not conclusive 8 26: 43,44 A study found that there was an association between
consumption of well-done red meat and breast cancer risk, but it is unclear what components
of well-done red meat are associated with this increase in breast cancer risk 26: 32, In our
study there were no overall associations between degree of meat doneness or cooking
methods and breast cancer risk.

We also found that an association between red meat and breast cancer was more apparent
among women with a strong family history of breast cancer whereas the converse was true
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for poultry. Our cohort includes women who all have a family history of breast cancer.
Women with a sister with breast cancer may have a higher prevalence of gene variants
related to breast cancer risk, including those related to metabolic factors associated with
meat and poultry consumption. Thus, to the extent that there are gene and diet interactions,
associations between specific types of meat and breast cancer may be easier to detect in this
sister-based cohort 42, Having two or more relatives with breast cancer may indicate a higher
genetic risk for breast cancer as compared to women with only a single affected relative.
Nonetheless, the exclusion of women with no family history of breast cancer from our
cohort makes it more difficult to find interactions between family history and diet patterns in
relation to breast cancer risk.

Strengths of the present study include large sample size, comprehensive baseline risk factor
assessment, and ability to account for time-varying menopausal status and to explore impact
of family history and other behavioral and lifestyle factors. The Sister Study also is
prospective in design with high retention rates among participants 19. Potential limitations
include the use of a single food-frequency questionnaire administered at baseline. This will
result in some errors in quantifying meat consumption as well as other dietary confounders.
Another concern would be non-differential misclassification of exposure due to the self-
report nature of the FFQ, which may have led to the null results observed. Furthermore, the
questionnaire for cooking practices may also be unable to accurately capture complete meat
mutagen information in this population of women, possibly resulting in the lack of
association found between meat mutagens and breast cancer risk.

In summary, the findings from this prospective cohort of women with a first-degree history
of breast cancer support the hypothesis that red meat may increase the risk of breast cancer.
It may be beneficial to replace red meat with poultry to reduce the overall risk of breast
cancer. Further investigation is needed to understand the possible reasons behind the
protective association of poultry on breast cancer risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and Impact:

Meat consumption and certain meat cooking practices may increase the risk of breast
cancer, and few epidemiologic studies have examined different categories of meat in
conjunction to meat cooking practices and meat mutagens. This study examines these
associations to overall invasive breast cancer risk and also by time-varying menopausal
status and estrogen receptor status. Red meat consumption may increase the risk of breast
cancer, whereas poultry consumption may be protective against breast cancer risk.
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Table 1.

Baseline characteristics of participants by quartile of total meat” consumption

Total meat consumption

Quartile 1 Quartile 2 Quartile 3 Quartile 4
0-48.69  >48.6-750g >75.0-1108g  >110.8g
Characteristic N =10,497 N=10,507 N=10,504 N=10,504
Total person-years minus first year follow-up 68,316 69,133 69,149 69,322
Mean (SD)
Age at baseline, y 56.0 (9.1) 55.5 (9.0) 55.0 (8.8) 54.7 (8.6)
Body mass index, kg/m? 26.5(5.5) 27.1(5.6) 27.8(5.8) 28.9 (6.3)
Waist-to-hip ratio 0.80(0.08) 0.80(0.08)  0.81(0.08)  0.82(0.08)
Total energy intake, kcal/d 1,251 (427) 1,469 (430) 1,681 (453) 2,072 (537)
Total MET-h/wk of leisure-time physical activity 15.6 (18.9) 14.5 (16.9) 14.0 (17.1) 13.7 (17.1)
Vegetable consumption, cup eq. 1.6 (1.2) 19(1.2) 22(1.2) 2.6(1.4)
Fruit consumption, cup eq. 1.4 (1.0) 1.4 (1.0) 1.4 (1.0) 1.4(1.0)
Dairy consumption, cup eq. 1.3(1.0) 1.4 (1.0) 1.5(1.0) 1.6 (1.0)
Percent calories from fat, % 35.0 (7.7) 36.6 (7.0) 37.6 (6.6) 39.0 (6.4)
Lifetime duration of breastfeeding, wk b 68.6 (76.2) 66.2 (74.1) 65.6 (71.3) 64.1(70.9)
Proportions (%)
Race/ethnicity
Non-Hispanic White 78.8 85.0 87.1 88.5
Non-Hispanic Black 8.5 7.4 7.8 8.0
Other 8.8 6.7 6.4 7.0
Household income
< $49,999 28.9 24.4 22.5 22.7
$50,000-$99,999 40.3 40.9 414 415
>$100,000 30.8 34.7 36.1 35.8
Educational attainment
High school degree or less 17.8 15.7 135 12.6
Some college 325 335 33.2 33.8
College degree or higher 51.2 51.4 52.8 52.1
No. of relatives diagnosed with breast cancer before the age of 50
0 43.7 42.9 42.4 40.6
1 51.0 51.8 52.2 53.9
22 53 5.2 5.4 55
Smoking status
=20 pack-y 111 11.6 11.6 13.8
<20 and =10 pack-y 8.4 8.9 9.4 9.6
<10 and > 0 pack-y 218 219 21.8 22.3
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Total meat consumption

Quartile 1 Quartile 2 Quartile 3 Quartile 4
0-48.6g  >48.6-75.09 >75.0-110.8g  >110.8g
Characteristic N =10,497 N=10,507 N=10,504 N=10,504
Never 58.7 57.7 57.1 54.4
Use of hormone therapy
None 56.8 57.2 58.7 59.4
Estrogen only 20.2 18.9 19.2 185
Both estrogen and progesterone 23.0 239 221 22.1
Parity
0 19.4 17.7 16.9 19.0
1 14.3 141 14.4 15.0
2 35.1 37.0 39.0 37.2
23 31.2 31.2 29.8 28.9
Use of birth control pill
Never 17.8 15.4 14.3 13.6
Former 78.9 80.8 82.2 83.0
Current 3.4 3.7 3.6 3.4
Alcohol consumption
Current alcohol consumption
22 drinks/d 4.0 4.6 51 5.7
1-1.9 drinks/d 7.2 8.9 9.0 10.3
<1 drink/d 66.3 68.9 69.2 67.5
Former 17.3 14.2 135 13.7
Never 51 3.4 3.3 2.8
Menopause 66.8 64.8 63.0 62.2

Presented as mean (SD) and proportion (%).

Abbreviations: MET, metabolic equivalent; kcal, kilocalories; cup eq., cup equivalent.

a I Lo .
Total meat: combination of all meat consumption including poultry, red meat, organ meat, cured meat, and seafood.

bAmong women who ever breastfed (n =24,222).
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