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Abstract

Purpose Dairy and meat consumption may impact breast
cancer risk through modification of hormones (e.g., estro-
gen), through specific nutrients (e.g., vitamin D), or
through products formed in processing/cooking (e.g., het-
erocyclic amines). Results relating meat and dairy intake to
breast cancer risk have been conflicting. Thus, we exam-
ined the risk of breast cancer in relation to intake of dairy
and meat in a large prospective cohort study.

Methods In the Black Women’s Health Study, 1,268
incident breast cancer cases were identified among 52,062
women during 12 years of follow-up. Multivariable (MV)
relative risks (RRs) and 95 % confidence intervals (ClIs)
were calculated using Cox proportional hazards models.
Results Null associations were observed for total milk
MV RR =105 95% CI 0.74-1.46 comparing
>1,000-0 g/week) and total meat (MV RR = 1.04, 95 %
CI 0.85-1.28 comparing >1,000 < 400 g/week) intake and
risk of breast cancer. Associations with intakes of specific
types of dairy, specific types of meat, and dietary calcium
and vitamin D were also null. The associations were not
modified by reproductive (e.g., parity) or lifestyle factors
(e.g., smoking). Associations with estrogen receptor (ER)
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positive (4), ER negative (—), progesterone receptor (PR)
+, PR—, ER+/PR+, and ER—/PR— breast cancer were
generally null.

Conclusions This analysis of African-American women
provides little support for associations of dairy and meat
intake with breast cancer risk.
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Introduction

An estimated 226,870 new cases of invasive breast cancers
and 39,500 deaths from breast cancer occurred in women in
the United States in 2012 [1]. African-American women,
compared to white women, have a higher incidence rate of
breast cancer prior to age 45, a higher incidence of estrogen
receptor negative (ER—) breast cancers, and are more
likely to die from breast cancer at every age [1]. Under-
standing modifiable and preventive factors, particularly
related to premenopausal and ER— breast cancer risk,
which both have a worse prognosis, is important to
reducing these disparities.

Reproductive risk factors, such as higher parity and later
age at menarche, may reduce breast cancer risk by influ-
encing lifetime exposure to estrogen. Dietary factors, such
as dairy products and meat, may also impact breast cancer
risk through modification of estrogen and other hormones
levels (e.g., insulin-like growth factor [2—4]). In addition,
other components found within dairy foods (e.g., vitamin D
[5-12], calcium [5-9], and dietary fat) and meats (e.g.,
heme iron) or resulting from meat processing or prepara-
tion (e.g., heterocyclic amines, N-nitrosamines) [13—-15]
have been hypothesized to modify breast cancer risk.
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To date, a large number of studies have examined the
association between dairy intake, meat intake, and breast
cancer risk; results have been inconsistent [16-20]. A review
sponsored by the World Cancer Research Fund (WCRF)
and American Institute of Cancer Research (AICR) of 24
cohort and 56 case—control studies in 2007 concluded that
the available evidence is insufficient to establish associa-
tions between dairy and meat intake and premenopausal or
postmenopausal breast cancer risk [16]. Although many
studies have examined total and postmenopausal breast
cancer, fewer studies have examined premenopausal breast
cancer and specific types of breast cancer (e.g., ER—),
particularly among African-American women.

The Black Women’s Health Study, a large prospective
cohort study of African-American women, provided an
opportunity to examine associations between dairy and
meat intake and risk of breast cancer, particularly breast
cancer among younger women and ER— breast cancer. We
examined intake of dairy, calcium, vitamin D, and meat
with risk of total breast cancer and specific types of breast
cancer (e.g., premenopausal, ER+ breast cancer). We
further explored whether the associations between intake of
dairy, calcium, vitamin D and meat and breast cancer risk
are modified by known or suspected risk factors.

Methods
Population

The Black Women’s Health Study (BWHS) is con-
ducted among 59,027 African-American women, aged
21-69 years at baseline in 1995 [21]. Women who were
subscribers to Essence magazine, members of several
professional organizations, and friends and relatives of
early respondents enrolled by completing health question-
naires on diet, lifestyle factors, medical and reproductive
history, and medication use. Every 2 years thereafter,
questionnaires were mailed to update information on
potential risk factors and to identify new cases of disease.
Study participants reside in more than 17 states. The
Institutional Review Board of Boston University Medical
Center approved the study protocol.

Exposure assessment

Usual frequency of consumption of dairy foods (total milk,
whole milk, low-fat milk, hard cheese, yogurt, and ice
cream) and meat (total meat, red meat, processed meat,
white meat, and fish) during the past year was estimated
from a 68-item modified Block Food Frequency Ques-
tionnaire (FFQ) completed at baseline in 1995 [22]. In
2001, a modified version of the 1995 FFQ which asked
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about 85 food items was administered to collect updated
dietary information. For each FFQ item, individuals
selected from the following: ‘never’ to ‘2+ per day’ and
‘never’ to ‘6 or more per day’ for the frequency of intake of
foods and beverages, respectively. Individuals selected the
appropriate portion size of ‘small,” ‘medium,” and ‘large’
for each food item on the 1995 questionnaire; the 2001
questionnaire added the category of “super.” A medium
portion size was defined for each item (e.g., 8-oz glass of
milk), and small and large servings were weighted as 0.5
and 1.5 times a medium serving size, respectively. In 2001,
the ‘super’ portion was equivalent to two times the size of
medium. The 1995 FFQ ascertained intake of 8 dairy and
13 meat items; the 2001 FFQ asked about 9 dairy and 15
meat items. There was moderate to high correlation among
intakes of various dairy foods. Using the food frequency
data, the Pearson correlation coefficients (energy-adjusted
and corrected for intra-person variation) for total milk with
skim milk was 0.65 and for total milk with whole milk was
0.48. All dairy and meat items were analyzed in gram units.
We converted the frequency data to grams consumed per
day based on the frequency and serving size for each food
item. All dairy and meat items were analyzed in gram units
for consistency and comparability across studies; an aver-
age serving size of milk is 250 g, while an average serving
of meat is approximately 100 g. Nutrient estimates for
calcium and vitamin D from the FFQ were calculated using
the food composition method [23] using National Cancer
Institute’s DietCalc software [24]. Energy-adjusted nutrient
intakes have been calculated for each nutrient using the
residual method [23]. Use of multivitamins and single
supplements, including calcium, was also ascertained.

Other covariates

On the 1995 baseline questionnaire, BWHS participants
provided demographic data and information that included
medical and reproductive history, smoking and alcohol use,
physical activity, current weight and weight at age 18,
waist and hip circumference, adult height, medication use,
and use of medical care. The biennial follow-up ques-
tionnaires all obtained updated information on weight,
physical activity, smoking, alcohol use, and other factors.
The 1995 and 1999 questionnaires included questions
about family history of cancer. Body mass index (BMI)
was calculated as weight in kilograms divided by squared
height in meters. Women who reported a hysterectomy but
retained one or both ovaries were classified as premeno-
pausal if their current age was less than the 10th percentile
of age at natural menopause in the BWHS (43 years), as
postmenopausal if their age was greater than the 90th
percentile of age at natural menopause in the cohort



Cancer Causes Control (2013) 24:675-684

677

(56 years), and as uncertain menopausal status at ages
43-56 years.

Outcome assessment

Participants were followed from entry into the study in
1995 until date of diagnosis of incident breast cancer
(defined by ICD-9 code 174.9 [25] or ICD-10 code C50
[26]), date of death, or end of follow-up (through 2007),
whichever came first. Follow-up of the baseline cohort has
exceeded 80 %. We obtained medical record or cancer
registry data for 85 % of cases, and of these, 99.4 % were
confirmed. Given the high confirmation rate, we included
all self-reported cases, except those that were disconfirmed.
We learned of deaths from family members, the US Postal
Service, and searches of the National Death Index for non-
respondents. Information on breast tumor characteristics,
including estrogen receptor (ER) and progesterone receptor
(PR) status, was obtained through abstraction of pathology
records and cancer registry data and was available for 59 %
of the cases. Breast cancer risk factors (e.g., age, education,
and lifestyle, and reproductive factors) among cases for
which receptor status data were available were similar to
those among cases for which receptor status was not
obtained [27]. In addition, the two groups were similar with
regard to the variables assessed in the present paper; for
example, for women with known and unknown receptor
status, respectively, the proportions consuming 500 g or
more of milk per week were 35.7 and 38.7 %, and the
proportions consuming 800 g or more of meat per week
were 41.2 and 43.9 %.

Analytic sample

Women were excluded from the analyses if they had a prior
cancer diagnosis at baseline (n = 1,475). In addition,
women who had missing or implausible total energy intake
(<500 kcal/day or >3,800 kcal/day; n = 3,536) or were
missing more than 10 items on the baseline FFQ (n = 1,954)
were excluded [23], leaving 52,062 women for the analysis.

Statistical analysis

Dietary exposures were modeled both as continuous and as
categorical variables according to absolute cut points based
on serving sizes and quantiles. Relative risks (RRs) and 95 %
confidence intervals (Cls) were calculated by Cox propor-
tional hazards models separately for each individual dairy and
meat intake (e.g., total milk intake, and red meat intake).
Person-years of follow-up were calculated from the date of
baseline questionnaire until the date of breast cancer diagno-
sis, death, loss to follow-up, or end of follow-up, whichever
came first. The model included stratification by age at baseline

(in I-year intervals) and questionnaire cycle and treated the
follow-up time (in years) as the time scale, resulting in a time
metric that simultaneously accounts for age, calendar time,
and time since entry into the study. Multivariable (MV) RRs
were adjusted for energy intake (quintiles), age at menarche
(years <12, 12—13, >14), body mass index (BMI, kg/mz, <25,
25-29, >30), family history of breast cancer (mother or sis-
ter), years of education (<12, 1315, >16), parity and age at
first live birth (nulliparous, parity 1-2 and age at first birth
<25 years, parity 1-2 and age at first birth 25-29 years, parity
1-2 and age at first birth >30 years, parity >3 and age at first
birth <25 years, parity >3 and age at first birth 25-29 years,
parity >3 and age at first birth >30 years), oral contraceptive
use (yes/no), menopausal status (postmenopausal, premeno-
pausal, and uncertain), age at menopause (years <35, 35-39,
4044, 45-49, 50-54, >55), menopausal hormone use (yes/
no), hours/week of vigorous physical activity (none, <2, >2),
smoking status (never, former, and current), and drinks/week
of alcohol (none, 1-3,4-6, >7). Parity, oral contraceptive use,
menopausal status, menopausal hormone use, vigorous
activity, smoking status, and alcohol intake were treated as
time-dependent variables in the analysis. The proportion of
participants with missing data for the covariates was generally
low (24 %); an indicator variable was used for missing
responses [28].

Two different methods were applied to analyze the asso-
ciation between breast cancer risk and dairy and meat intake:
the use of baseline diet data only and a cumulative average
approach [23, 29]. In analyses using baseline data only, we
assessed the 1995 food and nutrient intake data in relation to
breast cancer risk from 1995 to 2007. The cumulative average
approach reduces within-person variation and better repre-
sents long-term diet: dietary data from the baseline ques-
tionnaire were used for follow-up from 1995 to 2001, and an
average of the dietary intakes from baseline and 2001 ques-
tionnaire was used for follow-up from 2001 to 2007. Results
from the multivariable-adjusted models based on cumulative
average dietary data were similar to those from models that
adjusted only for age and models using baseline FFQ data
only. Thus, only multivariable models based on cumulative
dietary intake are presented.

To test whether there was a linear trend in the risk of
disease with increasing intake, a continuous variable with
values corresponding to the median value for each exposure
category was included in the model, and the coefficient for
that variable was evaluated using the Wald test. Further
analyses were conducted to examine whether the associa-
tion between meat intake and breast cancer risk varied by
hormonal and other breast cancer risk factors [e.g., parity
(parous, nulliparous), alcohol intake (ever, never), smoking
status (ever, never), BMI (<30, >30 kg/mz), and hormone
use (ever, never)]; for these analyses, the stratification
variable was excluded from the model. We additionally
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stratified by menopausal status for all analyses; those with
uncertain menopausal status were excluded from these
analyses (7¢a5es = 175).To test for multiplicative interac-
tion, the main effect terms for the dietary and stratification
factors, along with the cross-product term, were included in
the model. The coefficient for the cross-product term was
evaluated for statistical significance by the Wald test. To
examine the possible presence of a time lag effect, we
excluded the first 2 years of follow-up from the analysis.

Separate analyses were also conducted by hormone
receptor status among cases with known ER status
(n = 761) or PR status (n = 746), using the following
categories: (1) ER+, (2) ER—, (3) PR+, (4) PR—, (§)
ER+/PR+, and (6) ER—/PR—. Due to small number of
cases, we were unable to assess ER+/PR— and ER—/PR+
breast cancers. Statistical analyses were done with SAS
9.2. All statistical tests were based on a two-sided p value.
Tests with p values <0.05 were considered statistically
significant.

Results

Baseline cohort characteristics by total milk intake and
total meat intake are summarized in Table 1. Women who
consumed greater amounts of milk were heavier, less
educated, and less likely to be nulliparous. Individuals who
had higher meat consumption were heavier, more likely to
smoke, drink, and be parous, and less likely to exercise
more than 2 h/week. The median intake of total milk and
total meat was 384.5 and 714.4 g/week, respectively.

As shown in Table 2, no statistically significant asso-
ciations with breast cancer were observed for total milk
intake (MVRR = 1.05, 95 % CI = 0.74-1.46 comparing
>1,000-0 g/week). In addition, no statistically significant
association for breast cancer was observed for whole milk
or 2 % milk intakes. There were non-significant, modest
inverse associations between skim milk, hard cheese,
yogurt, and ice cream intakes and risk of breast cancer.
Results did not differ by menopausal status.

Dairy products are major contributors to dietary calcium
and dietary vitamin D intake. Dietary calcium intake
(MVRR = 1.10,95 % CI = 0.79-1.53 comparing >1,000 to
<200 mg/day; p trend = 0.51) and dietary vitamin D intake
(MVRR = 1.08, 95 % CI = 0.79-1.47 comparing >6 to
<1 pg/day; p trend = 0.89) were not associated with breast
cancer risk. No statistically significant association with breast
cancer was observed for use of calcium supplements com-
pared to non-use (MVRR = 1.09, 95 % CI = 0.96-1.24).
Results did not differ by menopausal status.

No statistically significant associations with breast can-
cer were observed for intakes of total meat (MVRR = 1.04,
95 % CI = 0.85-1.28 comparing >1,000 to <400 g/week)
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(Table 3). In addition, no statistically significant associa-
tion for breast cancer was observed for intakes of red meat,
processed meat, white meat, or fish. Menopausal status did
not modify the associations between intakes of red meat,
processed meat, white meat, fish, and breast cancer risk
(Table 3).

As shown in Table 4, no statistically significant associa-
tions were observed between total milk intake and breast
cancer risk by hormone receptor status (ER+, PR+, ER—,
PR—, ER+/PR+, and ER—/PR — breast cancers). However,
whole milk intake was inversely associated with ER— breast
cancer (MVRR = 0.33, 95 % CI = 0.13-0.84) and PR—
breast cancer (MVRR = 0.49, 95 % CI = 0.24-0.99;
p trend = 0.11) for >250 g/week compared to 0 g/week. In
addition, yogurt intake was inversely associated with ER—
breast cancer (MVRR = 0.45, 95 % CI = 0.22-0.89;
ptrend <0.01) and PR— breast cancer MVRR = 0.56,95 %
CI = 0.32-0.98; p trend <0.01) for >454 g/week relative to
0 g/week. Intake of ice cream was inversely associated with
ER+ breast cancer MVRR = 0.62, 95 % CI = 0.41-0.94;
p trend = 0.01) and PR— breast cancer (MVRR = 0.62,
95 % CI = 0.38-1.00; p trend = 0.04) for >66 g/week
compared to 0 g/week. Associations did not differ by hor-
mone receptor status for other specific types of dairy intake.

There were no statistically significant associations of
total meat intake with breast cancer risk by hormone
receptor status (Table 4). Associations did not differ by
receptor status for red meat, processed meat, and white
meat. Fish intake was positively associated with ER-+
breast cancer (MVRR = 1.25, 95 % CI = 0.99-1.59;
p trend = 0.05) and PR+ breast cancer (MVRR = 1.33,
95 % CI = 1.02-1.74; p trend = 0.03) when comparing
>200 to <100 g/week.

In addition, the association between dietary calcium and
dietary vitamin D intake with breast cancer risk did not differ
according to receptor status (data not shown). Similar esti-
mates to the overall findings for the association between
dairy, dietary calcium, dietary vitamin D and meat intake and
breast cancer risk were observed within strata of hormone
use, parity, smoking status, and BMI (data not shown).

Cases that occurred close in time to the completion of
the FFQ may have altered their diet due to factors such as
prediagnostic disease symptoms. In sensitivity analyses
that excluded cases diagnosed during the first and second
year of follow-up, estimates were similar to the overall
estimates (data not shown).

Discussion
In this large prospective cohort of African-American

women, null associations were observed for intakes of milk
(total, whole, and 2 %), other specific types of dairy
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Table 1 Age-standardized means and proportions of baseline cohort characteristics by total milk and meat intake

Total milk intake (g/week)

Total meat intake (g/week)

0 >1,000 <400 >1,000

Total n 3,471 13,787 10,370 14,760
n (cases) 293 279 229 338
Age (years) 39.0 38.7 38.7 38.5
BMI (kg/m?) 26.8 28.6 26.5 29.3
Education (%)

<12 years 15.8 18.5 17.3 19.1

13-15 years 31.5 36.3 35.1 37.1

>16 years 52.6 452 474 43.6
Smoking (%)

Never 63.9 65.0 68.9 61.7

Former 20.7 194 17.9 19.9

Current 153 154 13.1 18.2
Alcohol (%)

Non-drinker 74.1 75.8 88.1 81.6

1-3 drinks/week 11.1 12.4 2.3 2.7

>4 drinks/week 143 11.1 8.7 14.8
Family history 6.7 6.1 6.6 6.6
Breast cancer (%)
Age at menarche (years) 12.3 12.3 12.3 12.3
Age at first live birth (years) 223 224 223 22.1
Nulliparous (%) 432 34.1 39.5 347
Menopausal status® (%)

Premenopausal 76.6 76.7 76.6 77.4

Postmenopausal 16.8 17.1 17.2 16.9
Strenuous physical activity (%)

None 324 29.7 29.1 334

<2 h/week 34.1 38.1 36.6 37.9

>2 h/week 30.1 28.5 30.8 25.2

Directly age standardized to the age distribution of the analytic cohort

% Unknown status not shown

products, dietary calcium, and dietary vitamin D with
breast cancer risk. No statistically significant associations
were observed for total meat and types of meat and breast
cancer risk. The findings were similar for premenopausal
and postmenopausal breast cancer. While associations were
also generally null for subtypes of breast cancer, defined by
hormone receptor status, a few inverse associations were
noted with intake of select dairy products. Results were
generally similar within strata of hormone use, parity,
smoking status, and BMI.

Our results are generally similar to the summary find-
ings from the 2007 report by the WCRF and AICR; the
WCRF/AICR panel determined that evidence for an asso-
ciation of dairy or meat with total, premenopausal, or
postmenopausal breast cancer is limited [16]. In addition,

null associations between dairy and meat intake and breast
cancer risk were reported from two recent large European
prospective cohort studies, the Swedish Mammography
Cohort [19] and the EPIC cohort study [17]. A recent meta-
analysis conducted by Dong et al. [18] on total milk con-
sumption and risk of breast cancer in 18 prospective cohort
studies found a non-statistically significant inverse associ-
ation of total milk consumption with breast cancer risk
(RR =0.90, 95 % CI = 0.80-1.02) comparing highest to
lowest categories. There was a stronger inverse association
of low-fat dairy intake with breast cancer risk [18]. How-
ever, there was significant heterogeneity between studies
(p value, test for between studies heterogeneity = 0.003).

Other studies have suggested different etiologies
may be associated with different breast cancer subtypes
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Table 2 Multivariable-adjusted relative risk (MVRR) and 95 % confidence interval (CI) of breast cancer by menopausal status by categories of

intake of dairy foods

Dairy foods

Type of breast cancer

(g/week)?
Total Premenopausal Postmenopausal
Neases  Person-years MVRR (95 % CI)  nguses  Person-years MVRR (95 % CI)  ng,ees Person-years MVRR (95 % CI)

Total milk
0 293 152,373 1.00 (REF) 97 68,239 1.00 (REF) 133 40,151 1.00 (REF)
1-69.9 159 70,027 1.18 (0.83-1.68) 88 46,632 1.50 (0.88-2.53) 53 16,259 0.92 (0.52-1.60)
70-124.9 77 34,711 1.06 (0.70-1.61) 27 23,033 1.07 (0.57-2.01) 45 8,031 1.35 (0.73-2.47)
125-249.9 129 65,353 1.05 (0.73-1.52) 64 45,242 1.07 (0.61-1.86) 44 13,420 1.12 (0.64-1.96)
250-499.9 142 78,194 0.89 (0.62-1.28) 72 54,282 0.98 (0.57-1.69) 57 16,083 0.88 (0.50-1.55)
500-749.9 70 34,776 0.88 (0.57-1.35) 33 22,733 1.10 (0.58-2.05) 25 8,323 0.68 (0.33-1.37)
750-999.9 119 55,421 1.02 (0.69-1.50) 50 37,948 0.82 (0.44-1.51) 52 12,258 1.27 (0.72-2.23)
>1,000 279 126,373 1.05 (0.74-1.46) 141 86,473 1.24 (0.74-2.08) 112 28,056 1.00 (0.60-1.67)
Ptrend 0.54 0.55 0.92

Whole milk
0 1,026 479,660 1.00 (REF) 433 283,121 1.00 (REF) 445 118,955 1.00 (REF)
1-249.9 134 74,892 1.08 (0.85-1.36) 80 54,716 1.26 (0.94-1.70) 36 12,950 0.89 (0.58-1.36)
>250 108 62,276 0.96 (0.73-1.26) 59 46,745 1.08 (0.75-1.54) 40 10,676 0.86 (0.54-1.37)
Ptrend 0.83 0.23 0.37

2 % Milk
0 886 430,888 1.00 (REF) 378 254,580 1.00 (REF) 380 104,712 1.00 (REF)
1-249.9 177 87,775 1.11 (0.90-1.38) 87 62,579 1.08 (0.80-1.46) 60 16,468 1.04 (0.72-1.49)
>250 205 98,565 1.08 (0.87-1.33) 107 67,423 1.16 (0.87-1.54) 81 21,401 1.09 (0.78-1.52)
Prend 0.37 0.30 0.59

Skim milk
0 879 443,389 1.00 (REF) 413 280,517 1.00 (REF) 340 97,092 1.00 (REF)
1-249.9 138 67,740 0.80 (0.60-1.05) 62 41,932 0.75 (0.50-1.11) 63 16,129 0.94 (0.61-1.42)
>250 251 106,099 0.86 (0.69-1.07) 97 62,133 0.80 (0.58-1.11) 118 29,360 0.90 (0.65-1.25)
Ptrend 0.09 0.10 0.52

Hard cheese
0 529 253,179 1.00 (REF) 199 129,699 1.00 (REF) 245 68,459 1.00 (REF)
1-24.9 239 106,063 1.01 (0.81-1.25) 107 68,291 1.15 (0.84-1.58) 96 26,468 0.80 (0.57-1.12)
25-49.9 179 81,871 0.85 (0.66-1.10) 88 55,794 0.93 (0.64-1.32) 69 17,695 0.78 (0.52-1.16)
50-74.9 95 50,161 0.91 (0.67-1.23) 54 35,860 1.02 (0.67-1.54) 32 9,544 0.90 (0.56-1.44)
>75 226 125,954 0.88 (0.68-1.12) 32 9,544 0.90 (0.63-1.26) 79 20,415 0.79 (0.53-1.17)
Duend 0.19 0.38 0.25

Yogurt
0 709 349,251 1.00 (REF) 304 205,272 1.00 (REF) 295 81,191 1.00 (REF)
1-56.9 69 30,127 1.12 (0.81-1.53) 36 20,158 1.29 (0.85-1.95) 24 6,886 0.96 (0.56-1.65)
57-113.9 114 58,794 1.03 (0.79-1.32) 46 39,970 0.74 (0.49-1.12) 54 12,816 1.34 (0.92-1.93)
114-226.9 114 56,100 1.04 (0.80-1.35) 58 38,136 1.10 (0.76-1.57) 46 12,384 0.98 (0.64-1.51)
227-453.9 84 41812 0.91 (0.66-1.25) 42 27,840 1.05 (0.68-1.60) 32 9,678 0.75 (0.44-1.27)
>454 178 81,144 0.91 (0.71-1.17) 86 53,206 1.00 (0.70-1.41) 70 19,626 0.74 (0.49-1.12)
Ptrend 0.46 0.99 0.16

Ice cream
0 554 257,752 1.00 (REF) 218 134,326 1.00 (REF) 246 67,580 1.00 (REF)
1-16.9 82 35,428 0.88 (0.62-1.23) 34 23,352 0.74 (0.44-1.23) 34 8,132 0.98 (0.59-1.64)
17-32.9 186 101,014 0.84 (0.66-1.07) 106 70,976 0.90 (0.65-1.25) 63 20,461 0.89 (0.61-1.31)
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Table 2 continued

Dairy foods
(g/week)*

Type of breast cancer

Total Premenopausal Postmenopausal

Person-years MVRR (95 % CI) ngues Person-years MVRR (95 % CI) nc,s Person-years MVRR (95 % CI)

Neases

33-65.9 227 114,197 1.02 (0.81-1.27) 115 81,837 0.99 (0.72-1.35) 83 22,049 1.02 (0.71-1.46)
>66 219 108,837 0.87 (0.68-1.10) 99 74,091 0.83 (0.59-1.17) 95 24,359 0.91 (0.63-1.30)
Ptrend 0.43 0.51 0.69

Multivariable relative risks were adjusted for energy intake (quintiles), age at menarche (<12, 12-13, >14 years), body mass index (<25, 25-29,
>30 kg/mz), family history of breast cancer (mother or sister), education (<12, 13-15, >16 years), parity and age at first live birth (nulliparous,
parity 1-2 and age at first birth <25 years, parity 1-2 and age at first birth 25-29 years, parity 1-2 and age at first birth >30 years, parity >3 and
age at first birth <25 years, parity >3 and age at first birth 25-29 years, parity >3 and age at first birth >30 years), oral contraceptive use (yes/
no), menopausal status (postmenopausal, premenopausal, and uncertain), age at menopause (<35, 35-39, 4044, 45-49,50-54, >55 years),
menopausal hormone use (yes/no), vigorous physical activity (none, <2, >2 h/week), smoking status (never, former, current), and alcohol intake
(none, 1-3, 4-6, >7 drinks/week)

# Milk: 18 oz serving is equivalent to 245 g; hard cheese: 1 oz serving is equivalent to 28 g; cottage cheese: 10.5 cups serving is equivalent to

105 g; yogurt: 1 cup serving is equivalent to 227 g; ice cream: 10.5 cups serving is equivalent to 66 g

[16, 30, 31]. When we examined subtypes of breast cancer
by hormone receptor status, we observed similar estimates
for intake of meat items as those reported for all breast
cancers. In the Swedish Mammography cohort, red meat
was not associated with ER+/PR+, ER+/PR— and ER—/
PR— breast cancers [19]. However, in the Nurses’ Health
Study II, higher red meat intake was associated with an
almost twofold higher risk of ER+/PR+ breast cancers, but
not ER—/PR— breast cancers [20].

For dairy intake, there were a few statistically significant
trends in the risk estimates according to hormone receptor
status—inverse associations of whole milk with ER— and
PR— breast cancer, yogurt with ER— and PR— breast
cancer, and ice cream with ER+ and PR— breast cancer.
Dairy foods have been hypothesized to have pro- and anti-
carcinogenic effects. Dairy foods contain nutrients such as
calcium, vitamin D, and conjugated linoleic acids [32, 33].
Calcium, vitamin D, and conjugated linoleic acids have
been shown to have effects on cell proliferation, differen-
tiation, and/or inhibit tumor development [32-35]. Vitamin
D also has been shown to interrupt insulin and insulin-like
growth factor 1(IGF-1) activity, which may lower carcin-
ogenic risk as insulin stimulates a rise in free IGF-1, which
may promote cell cycle progression and angiogenesis, and
is anti-apoptotic [36—42]. Therefore, it is plausible that
dairy consumption may reduce breast cancer risk. How-
ever, applying a 5 % false-positive rate to our findings, we
would estimate that approximately 9 or 10 significant
findings may be due to chance; confirmation by other
studies of the inverse associations found in our study is
needed.

Since diet was measured prior to diagnosis of breast
cancer, it is unlikely that the reporting of meat and dairy
intake would be systematically biased. Misclassification of

meat and dairy intake would likely be non-differential, and
such misclassification would have attenuated the relative
risk estimates for the relation between intakes of meat and
dairy and risk of breast cancer. The use of baseline dietary
information only might result in greater misclassification of
usual consumption versus diet information from multiple
assessments throughout follow-up. In our analyses, mea-
surement of dietary intake was updated during the follow-
up so that measurement error was potentially reduced; the
results were similar when we examined baseline only or
cumulative updated dietary data. We were also not able
to assess the potentially carcinogenic compounds that
are found in meats, including N-nitroso compounds, het-
erocyclic amines, or polycyclic aromatic hydrocarbons
[13—15] as information on items such as cooking methods
was not collected. Further, an appreciable proportion of
African-Americans, with estimates ranging from 24 to
80 %, have reported having physical discomfort after eat-
ing dairy products or have stated they are lactose-intolerant
[43, 44]. There was no information in the BWHS on this
problem. However, we were able to examine large varia-
tion in intakes of the foods under study.

Strengths of the present study include the prospective
design, large population, high follow-up rate [27], and high
accuracy of self-report of breast cancer [27]. It is possible
that individuals who were diagnosed close in time to
baseline may have changed their diets due to prediagnostic
symptoms. However, in analyses where we excluded the
first 2 years of follow-up, the results were similar to the
overall results.

In conclusion, no statistically significant associations
were observed for intakes of meat, types of meat, milk,
types of dairy, dietary calcium, and dietary vitamin D with
risk of total, premenopausal, and postmenopausal breast
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Table 3 Multivariable-adjusted relative risk (MVRR) and 95 % confidence interval (CI) of breast cancer by menopausal status by categories of
intake of meat

Meats (g/ Type of breast cancer
week)?
Total Premenopausal Postmenopausal
Neases  Person- MVRR (95 % Neases  Person- MVRR (95 % Neases  Person- MVRR (95 %
years CD) years CD) years CD)

Total meat
<400 229 100,331 1.00 (REF) 103 64,221 1.00 (REF) 103 25,443 1.00 (REF)
400-599.9 262 110,340 1.02 (0.85-1.23) 119 71,461 0.99 (0.75-1.29) 110 26,730 1.01 (0.76-1.32)
600-799.9 241 105,897 1.01 (0.83-1.22) 102 70,534 0.85 (0.63-1.13) 94 24410 0.95 (0.71-1.28)
800-999.9 198 82,818 1.08 (0.88-1.33) 87 55,375 0.94 (0.69-1.28) 79 18,611 1.05 (0.76-1.44)
>1,000 338 156,820 1.04 (0.85-1.28) 162 107,936 0.94 (0.69-1.27) 134 33,012 1.04 (0.76-1.42)
Prend 0.60 0.64 0.75

Red meat
<100 492 197,620 1.00 (REF) 203 124,977 1.00 (REF) 223 51,235 1.00 (REF)
100-199.9 335 141,125 1.00 (0.86-1.15) 151 91,843 1.01 (0.83-1.22) 140 34,124 0.96 (0.77-1.19)
200-299.9 172 84,530 0.90 (0.75-1.09) 75 57,437 0.90 (0.70-1.14) 67 18,367 0.86 (0.65-1.15)
300-399.9 102 49,674 0.95 (0.76-1.19) 49 34,543 0.98 (0.73-1.31) 38 10,036 0.92 (0.64-1.32)
>400 167 83,257 1.02 (0.83-1.24) 95 60,727 1.01 (0.78-1.30) 52 14,444 0.86 (0.62-1.20)
Duend 0.83 0.89 0.39

Processed meat
<100 851 364,025 1.00 (REF) 366 237,164 1.00 (REF) 177 44,973 1.00 (REF)
100-199.9 265 116,477 1.01 (0.87-1.17) 130 78,958 1.16 (0.96-1.40) 159 39,485 0.97 (0.77-1.22)
>200 152 75,704 0.99 (0.82-1.20) 77 53,405 0.92 (0.72-1.18) 184 43,748 0.93 (0.69-1.27)
Ptrend 0.96 0.97 0.64

White meat
<100 225 96,243 1.00 (REF) 104 62,246 1.00 (REF) 97 23951 1.00 (REF)
100-199.9 268 124,886 0.92 (0.77-1.10) 125 81,639 0.90 (0.71-1.13) 105 29,725 0.89 (0.67-1.18)
200-299.9 238 100,044 1.02 (0.84-1.23) 110 66,692 1.02 (0.80-1.29) 99 22,857 1.08 (0.81-1.44)
300-399.9 143 66,033 0.90 (0.72-1.11) 63 43,551 0.90 (0.67-1.20) 61 15,689 0.95 (0.68-1.33)
>400 394 169,000 1.05 (0.87-1.25) 171 115,399 0.90 (0.72-1.13) 158 10,046 1.12 (0.85-1.47)
Prend 0.45 0.47 0.25

Fish
<100 453 222,891 1.00 (REF) 217 156,109 1.00 (REF) 177 44973 1.00 (REF)
100-199.9 407 162,947 1.10 (0.95-1.26) 179 105,715 1.05 (0.87-1.25) 159 39,485 1.00 (0.80-1.25)
>200 408 170,368 1.03 (0.89-1.19) 177 107,703 0.97 (0.80-1.17) 184 43,748 1.04 (0.83-1.30)
Prend 0.69 0.77 0.71

Multivariable relative risks (MVRRs) were adjusted for energy intake (quintiles), age at menarche (<12, 12-13, >14 years), body mass index
(<25, 25-29, >30 kg/mz), family history of breast cancer (mother or sister), education (<12, 13-15, >16 years), parity and age at first live birth
(nulliparous, parity 1-2 and age at first birth <25 years, parity 1-2 and age at first birth 25-29 years, parity 1-2 and age at first birth >30 years,
parity >3 and age at first birth <25 years, parity >3 and age at first birth 25-29 years, parity >3 and age at first birth >30 years), oral
contraceptive use (yes/no), menopausal status (postmenopausal, premenopausal, and uncertain), age at menopause (<35, 35-39, 40-44,
45-49,50-54, >55 years), menopausal hormone use (yes/no), vigorous physical activity (none, <2, >2 h/week), smoking status (never, former,
current), and alcohol intake (none, 1-3, 4-6, >7 drinks/week)

* Red meat: 1 (3-6 oz) serving is equivalent to 85-143 g; processed meat: 1 (e.g., 1 oz, 1 slice, 1 hotdog) serving is equivalent to 20-45 g; white
meat: 1 (4-6 oz) serving is equivalent to 112-140 g; and fish: 1 (3-5 oz) serving is equivalent to 98-112 g

cancer. Further, there was little evidence of association = whose dietary patterns differ from those of white women,
with breast cancer classified according to hormone receptor  strengthen confidence that dairy and meat are not important
status. These null results in African-American women, factors in breast cancer incidence.
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Table 4 Multivariable-adjusted RR (MVRR) and 95 % CI of breast cancer by receptor status for categories of intake of total milk and meat

Type of breast cancer

ER+ ER— PR+ PR— ER+/PR+ ER—/PR—
Neases MVRR Neases MVRR Neases MVRR Neases MVRR Neases MVRR Neases MVRR
(95 % CI) 95 % CI) 95 % CI) 95 % CI) 95 % CI) 95 % CI)
Total milk (g/week)
0 110 1.00 73 1.00 81 1.00 96 1.00 78 1.00 69 1.00
(REF) (REF) (REF) (REF) (REF) (REF)
1-69.9 65 0.96 36 1.30 55 1.04 46 1.26 54 1.25 36 1.04
(0.55-1.66) (0.57-2.96) (0.56-1.92) (0.62-2.58) (0.86,1.79) (0.67,1.59)
70-1249 30 0.65 17 1.32 21 0.53 24 1.34 21 0.97 17 0.97
(0.31-1.36) (0.52-3.36) (0.21-1.28) (0.59-3.00) (0.59,1.58) (0.55,1.68)
125-2499 47 0.65 26 0.84 39 0.65 33 0.88 38 1.00 25 0.79
(0.34-1.20) (0.34-2.07) (0.32-1.32) (0.40-1.92) (0.66,1.49) (0.48,1.27)
2504999 52 0.70 33 0.84 41 0.69 43 0.93 38 0.84 29 0.76
(0.39-1.25) (0.35-2.01) (0.36-1.34) (0.44-1.94) (0.56,1.26) (0.48,1.20)
500-749.9 27 0.56 15 0.96 21 0.56 20 0.94 21 1.00 15 0.84
(0.26-1.19) (0.35-2.58) (0.23-1.32) (0.39-2.23) (0.61,1.64) (0.47,1.50)
750-999.9 45 0.71 27 1.08 37 0.69 35 1.14 35 1.08 25 0.90
(0.37-1.34) (0.44-2.63) (0.33-1.43) (0.52-2.45) (0.71,1.63) (0.55,1.46)
>1,000 106 0.85 52 0.88 84 0.80 70 1.01 81 1.16 48 0.78
(0.50-1.44) (0.39-1.99) (0.44-1.47) (0.50-2.02) (0.83,1.63) (0.52,1.16)
Dirend 0.45 0.34 0.32 0.65 0.73 0.14
Total meat (g/week)
<400 91 1.00 47 1.00 68 1.00 70 1.00 68 1.00 47 1.00
(REF) (REF) (REF) (REF) (REF) (REF)
400-599.9 93 0.94 64 1.20 85 1.15 69 0.87 81 1.09 60 1.37
(0.70-1.27) (0.81-1.75) (0.83-1.59) (0.62-1.22) (0.78,1.52) (0.74,2.51)
600-799.9 98 1.12 54 1.06 77 1.19 71 0.95 73 1.13 48 0.78
(0.83-1.52) (0.70-1.59) (0.84-1.68) (0.67-1.34) (0.79,1.59) (0.38,1.59)
800-999.9 77 1.20 42 1.05 56 1.18 62 1.08 54 1.13 40 0.93
(0.86-1.67) (0.67-1.64) (0.80-1.72) (0.74-1.56) (0.77,1.66) (0.44,1.95)
>1,000 123 1.20 72 0.99 93 1.22 95 0.93 90 1.18 69 0.91
(0.86-1.66) (0.63-1.54) (0.84-1.78) (0.64-1.36) (0.80,1.73) (0.44,1.86)
Dtrend 0.13 0.71 0.35 0.91 0.41 0.65

Multivariable relative risks (MVRRs) were adjusted for energy intake (quintiles), age at menarche (<12, 12-13, >14 years), body mass index
(<25, 25-29, >30 kg/mz), family history of breast cancer (mother or sister), education (<12, 13-15, >16 years), parity and age at first live birth
(nulliparous, parity 1-2 and age at first birth <25 years, parity 1-2 and age at first birth 25-29 years, parity 1-2 and age at first birth >30 years,
parity >3 and age at first birth <25 years, parity >3 and age at first birth 25-29 years, parity >3 and age at first birth >30 years), oral
contraceptive use (yes/no), menopausal status (postmenopausal, premenopausal, and uncertain), age at menopause (<35, 35-39, 40-44,
45-49,50-54, >55 years), menopausal hormone use (yes/no), vigorous physical activity (none, <2, >2 h/week), smoking status (never, former,
current), and alcohol intake (none, 1-3, 4-6, >7 drinks/week)
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