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Abstract

Purpose We examined the associations between intake of meat and fish by preparation methods and breast cancer in the
Carolina Breast Cancer Study, a racially diverse population-based case—control study.

Methods African American (AA) and European American (EA) women aged 20-74 years with a first diagnosis of invasive
or in situ breast cancers were frequency matched by race and age group to controls identified through the North Carolina
Division of Motor Vehicles and Medicare lists [AA: 548 cases, 452 controls; EA: 858 cases, 748 controls]. Participants
self-reported meat preparation methods and intake frequencies. Adjusted odds ratios (OR) and 95% confidence intervals
(CIs) were calculated using multivariable logistic regression adjusted for age, race, alcohol intake, body mass index, fam-
ily income, lactation, marital status, use of oral contraceptives, postmenopausal hormone use, smoking status, and offsets.

Results Positive associations with breast cancer were observed for intakes of grilled/barbecued hamburger (> once/week,
OR: 1.28; 95% CI 1.01, 1.63), and pan-fried/oven-broiled beef steak (>once/week, OR: 1.36; 95% CI 1.08, 1.72). Inverse
associations were observed for pan-fried fish (> once/week, OR: 0.77; 95% CI 0.60, 0.98), and for grilled/ barbecued pork
chops (>0 time/week OR: 0.81, 95% CI 0.68, 0.97). Associations tended to be stronger among EA women than among AA
women.

Conclusion More frequent consumption of beef prepared with high temperature methods was associated with higher odds
of breast cancer while more frequent consumption of pan-fried fish or grilled/barbecued pork chops was associated with
lower odds of breast cancer.
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Introduction

Breast cancer is the most common cancer and the second
leading cause of cancer deaths among women in the USA
[1]. Several dietary factors including red meat are sug-
gested to contribute to the risk of breast cancer [2, 3].
Processed meat may contain N-nitroso compounds (NOCs)
and preparing meat at high temperatures such as grilling
or pan-frying could increase the production of heterocy-
clic amines (HCAs) and polycyclic aromatic hydrocar-
bons (PAHs), which are implicated in breast carcinogen-
esis [4-6]. In addition, advanced glycation end-products
formed from non-enzymatic reaction of sugars and pro-
teins or lipids have been implicated in oxidative stress and
inflammation [7], and high levels have been detected in
food cooked at high temperatures, particularly meat and
animal products [8] and associated with increased risk of
breast cancer [9, 10].

Several studies have reported an increase in breast can-
cer risk with high intake of red meat [3, 11, 12] especially
meat prepared at high degrees of temperature or doneness
[2, 13—-15]. However, not all findings have been supportive
[16, 17]. A meta-analysis from 2018 combining data from
up to 15 prospective studies found increased breast cancer
risk with consumption of processed meat and a nonsig-
nificant increased risk for consumption of red meat [18].
AA women were reported to have higher total meat intake
compared to EA women [19]. Studies on the association
between red meat and poultry and breast cancer stratified
by race have produced mixed results [20] but few studies
have enrolled enough AA women to precisely examine
these associations. Data on relationships by breast cancer
hormone receptor status are also limited but some studies
show differential associations by estrogen receptor (ER)/
progesterone receptor (PR) status [20, 21]. In this study,
we examined associations between meat and fish cooked
by various preparation methods and risk of breast cancer
among AA and EA North Carolina women enrolled in the
population-based Carolina Breast Cancer Study (CBCS).
We further examined whether associations differed by ER
status and menopausal status.

Materials and methods

Study population

The CBCS is a population-based case—control study of
women diagnosed with breast cancer across 24 counties in

central and eastern North Carolina. Women aged between
20 and 74 years and diagnosed with invasive breast cancer

@ Springer

between 1993 and 2001 were enrolled in Phases 1 & 2 and
carcinoma in situ (CIS) cases diagnosed between 1996
and 2001 were enrolled in Phase 2 [22]. AAs and younger
women aged less than 50 years were oversampled [23, 24].
Controls were selected from the North Carolina Division
of Motor Vehicles (for women younger than 65 years) or
selected from the US Health Care Financing Administra-
tion (for women aged 65 and older) and were approxi-
mately frequency matched to cases by age and race [22].

Data collection

Questionnaires were administered to subjects in the home by
a trained registered nurse. The median time between diag-
nosis and data collection by the registered nurse for cases
was 3 months (ranged between 1 and 19 months; 80% inter-
viewed by 5 months). For controls, the median time from
enrollment to interview was 2 months (ranged between 0
and 26 months; 80% interviewed by 5 months). The ques-
tionnaire requested information on demographic data, repro-
ductive and family history of cancer and dietary practices.
In the section on dietary intake, information was acquired
on intake levels of eight meat and fish items five years prior
to the interview.

Outcome assessment

Cases were identified using the North Carolina Central Can-
cer Registry’s rapid case ascertainment system. Invasive and
CIS cases were enrolled. CIS included women with ductal
carcinoma in situ (DCIS), DCIS with micro invasion to a
depth of 2 mm, lobular CIS (LCIS) and mixed DCIS and
LCIS. Immunohistochemistry (IHC) profiles were created by
microarray analysis and IHC staining for ER, human epider-
mal growth factor receptors-1 & -2 (HER2 and HER1), and
cytokeratin 5/6 [25]. Cases were further classified based on
ER status as ER-positive or ER-negative.

Exposure assessment

The categories of meat included chicken; hamburger; beef
steak; pork chops; bacon; breakfast sausage; and hot dog or
other sausage. Fish intake was queried as fish steak or fish
prepared whole. Preparation methods included “pan-fried
or oven-broiled” and “grilled or barbecued” for beef and
pork products; and “pan-fried,” “oven-broiled,” and “grilled
or barbecued” for chicken and fish. Frequency of intake by
meat and fish type and preparation method were reported
as times per week, month, or year and converted to times
per week. Missing values for frequency of intake of meat
and fish cooked were imputed based on the most frequent
responses for observations with similar information on age
group, race, and breast cancer status. Preference for level of
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doneness on the inside of meat such as beef steak, roast, or
hamburger was categorized as NA/rare to medium rare (red
or dark pink); medium to medium well (light pink); or well-
done (gray-brown with juice or dry) while doneness on the
outside of meat was categorized as NA/not browned/lightly
browned; well-browned; or heavily browned or charred.

Statistical analyses

There were 4333 women in the CBCS dataset, of which
4267 self-identified as AA or EA. Women enrolled in Phase
1 (n=1651) did not complete the meat intake question-
naire and were excluded from analyses. Women in Phase
2 who were missing meat intake information (n=10) also
were excluded (Fig. 1). Multivariable logistic regression
was used to calculate adjusted odds ratios (ORs) and 95%
confidence intervals (CIs) of breast cancer by frequency of
intake of meat and fish cooked by various preparation meth-
ods. Offset terms derived from sampling probabilities, age
at enrollment (continuous), and self-identified race (AA or
EA) were included for adjustment in all models. Important
potential confounders identified through a literature review
on risk factors for breast cancer included alcohol intake,
reproductive factors (age at menarche, parity, lactation, use
of oral contraceptives, post-menopausal status), post-men-
opausal hormone use, family history of breast cancer, cur-
rent body mass index (BMI as weight(kg)/height(m)?), BMI
at 18 years, smoking, marital status, and family income.
Because a complete dietary assessment method was not uti-
lized in the study, we were unable to adjust for energy intake
and considered BMI as a potential surrogate for energy

Fig. 1 Flow chart of study par-
ticipants in the Carolina Breast
Cancer Study

Initial sample
(n=4333)

intake in the multivariable analyses. Directed acyclic graphs
(DAG) were used to identify a minimally sufficient set of
confounders for adjustment which included alcohol intake
(yes or no/missing); BMI, kg/m? [missing, underweight
(< 18.5), normal weight (18.5-24.9), overweight (25-29.9)
or obese (>30)]; family income (missing, < $15,000,
$15,000-$30,000, $30,000-$50,000 or > $50,000); ever
lactated (yes or no); marital status (never married/lived as
married/missing, married/living as married, widowed or
separated/divorced/no longer living as married); ever used
oral contraceptives (never/missing or ever); post-menopausal
hormone use (never/missing, past, current); and smoking
status (never, former, or current). Further adjustments were
made for fruit and vegetable intake during the summer and
winter seasons of the previous year [low (< 19 half cup-sized
servings/week), moderate (19-31 half cup-sized servings/
week), or high (>32 half cup-sized servings/week)] and
regular physical activity in the previous three months (yes
Or no).

The results presented include analyses on the whole study
population, as well as with stratification by race, menopau-
sal status, invasiveness of disease, and fruit and vegetable
intake. Interaction was assessed by including a cross-product
of the meat or fish variable with race, menopausal status, or
fruit and vegetable intake, and p-values for the multiplicative
interaction term were reported. Multinomial logistic regres-
sion was used to calculate adjusted ORs for the associations
of the frequency of intake of meat and fished cooked by vari-
ous preparation methods and breast cancer by ER status. In
sensitivity analyses, we mutually adjusted for other meat and
fish intake variables for those dietary variables that showed

Exclusions (n = 1727):
Other races (n = 66)
Phase 1 (n=1651)

Missing information on meat doneness (n = 10)

Analytical sample (n = 2606)
Cases (n = 1406), Controls (n = 1200)

AA: Cases (n = 548), Controls (n = 452)
EA: Cases (n = 858), Controls (n = 748)

Premenopause: Cases (n = 566), Controls (n = 502)
Postmenopause: Cases (n = 840), Controls (n = 698)
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significant associations in the main analyses. All statistical
analyses were performed using SAS version 9.4.

Results

The analytical sample consisted of 1406 cases and 1200 con-
trols (Fig. 1). Women diagnosed with breast cancer appeared
to have similar baseline and demographic characteristics
with the control group (Table 1). Associations with breast
cancer were estimated using the lowest level of no reported
intake of each specific meat or fish as the referent. After
adjusting for DAG-identified confounders, statistically sig-
nificant (p <0.05) positive associations were found for the
intakes of grilled/barbecued hamburger (one or more times
per week, OR: 1.28; 95% CI 1.01, 1.63) and pan-fried/oven-
broiled beef steak (one or more times per week, OR: 1.36;
95% CI 1.08, 1.72) (Table 2). Significant inverse associa-
tions were observed for pan-fried fish consumed one or more
times per week (OR: 0.77; 95% CI 0.60, 0.98) and grilled/
barbecued pork chops consumed more than O times per week
(OR: 0.81;95% CI 0.68, 0.97) (Table 2). There were no sta-
tistically significant associations for the other types of meat
and cooking methods. The associations did not change after
further adjustment for physical activity or fruit and vegetable
intake (data not shown).

In the race-stratified adjusted analyses, pan-fried fish
(one or more times per week, OR: 0.63; 95% CI 0.44, 0.89),
grilled/barbecued beef steak (less than once per week, OR:
0.76; 95% C1 0.59, 0.98), and grilled/barbecued pork chops
(more than 0 times per week, OR: 0.75; 95% CI 0.60, 0.94)
were inversely associated with breast cancer in EA women
(Table 3). Also, among EA women, consuming oven-broiled
chicken once per week was associated with reduced odds
of breast cancer (OR: 0.64; 95% CI 0.44, 0.94), while there
was no association for higher intake of greater than once per
week (OR: 1.25;95% CI10.75, 2.09), compared to no intake.
Some modestly elevated or reduced ORs were observed
among AA women but were more imprecise. An increased
odds for breast cancer was found for AA women who pre-
ferred meat (beef steak, roast, or hamburger) cooked medium
to medium well on the inside (OR: 2.77,95% CI 1.49, 5.14)
and well done on the inside (OR: 1.78, 95% CI 1.03, 3.08),
when compared to AA women with preference for rare to
medium rare doneness. Overall, associations appeared to be
stronger among EA women but showed inconsistency within
beef and fish categories depending upon cooking method
and all diet x race interaction p-values were >0.05.

Among post-menopausal women, grilled/barbecued ham-
burger intake (one or more times per week, OR: 1.46; 95%
CI 1.05, 2.03) was positively associated with breast cancer
in adjusted analyses (Table 4). Pan-fried/oven-broiled beef
steak was positively associated with breast cancer among

@ Springer

pre-menopausal women (one or more times per week, OR:
1.56; 95% CI 1.08, 2.26). In post-menopausal women,
reduced odds of breast cancer were observed for intakes of
pan-fried fish (one or more times per week, OR: 0.72; 95%
CI 0.52, 0.98), grilled/barbecued fish (one or more times
per week, OR: 0.52; 95% C1 0.27, 0.99; p for interaction by
menopausal status=0.01), and for grilled/barbecued pork
chops (more than 0 times per week, OR: 0.71, 95% CI 0.56,
0.90). A significant interaction (p=0.02) between meno-
pausal status and pan-fried/oven-broiled hamburger was
observed whereby associations were inverse for pre-men-
opausal women and positive for post-menopausal women.

When the outcome was restricted to invasive breast can-
cer (Supplemental Table 1), preference for meat cooked
medium to medium well on the inside was associated with
increased odds of invasive breast cancer (OR: 1.39; 95% CI
1.02, 1.89) as compared to preference for rare to medium
rare doneness. The associations were also assessed by breast
cancer ER status as shown in Supplemental Table 2. Com-
pared to no reported meat intake, positive associations for
intakes of pan-fried/oven-broiled beef steak were observed
for both ER-positive breast cancer (one or more times per
week, OR: 1.33; 95% CI 1.01, 1.76) and ER-negative breast
cancer (OR: 1.46;95% CI 1.07, 1.98). An inverse association
was also observed for consuming pan-fried fish one or more
times per week in ER-positive breast cancer (OR: 0.73; 95%
CI 0.55, 0.98) and in ER-negative breast cancer (OR: 0.77,;
95% CI10.55, 1.08) though the confidence interval included
the null value. Oven-broiled chicken (less than once per
week, OR: 0.69; 95% CI 0.50, 0.94) and grilled/barbecued
pork chops (more than 0 times per week, OR: 0.75, 95%
CI 0.59, 0.95) were inversely associated with ER-negative
breast cancer.

The results were unchanged in sensitivity analyses, addi-
tional adjustment was done for meat and fish preparation
methods showing significant associations with breast cancer
(Supplemental Table 3). The associations were also stratified
by fruit and vegetable intake (Supplemental Table 4) and
the positive associations observed for pan-fried/oven-broiled
beef steak were stronger among low consumers of fruits and
vegetables (OR: 1.63; 95% CI 1.10, 2.42) than among mod-
erate or high consumers of fruits and vegetables. The inverse
association observed for pan-fried fish was strongest among
moderate consumers of fruits and vegetables (OR: 0.59; 95%
CI 0.38, 0.91), though interaction p-values were all > 0.20.

Discussion

In this racially diverse, population-based case—control
study of women in central and eastern North Carolina, we
examined the associations between various preparation
methods of meat and fish and breast cancer. More frequent
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Table 1 Baseline characteristics by case—control status (1n=2606)
Controls Cases
n=1200 n=1406
Age at diagnosis/enrollment, years, mean (SD) 53 (11) 53 (11.3)
Age at menarche, years, mean (SD) 13 (1.6) 12.6 (1.6)
Number of pregnancies, mean (SD) 3@2.1) 3@2.01)
n (%) n (%)
Race
European American 748 (62.3) 858 (61.0)
African American 452 (37.7) 548 (39.0)
Family income
Missing 83 (6.9) 103 (7.3)
< 15,000 280 (23.3) 298 (21.2)
15,000-30,000 263 (21.9) 312 (22.2)
30,000-50,000 379 (31.6) 421 (29.9)
> 50,000 195 (16.3) 272 (19.4)
Marital status
Never married/lived as married/ missing 78 (6.5) 128 (9.1)
Married or living as married 768 (64.0) 822 (58.5)
Widowed 145 (12.1) 178 (12.7)
Separated, divorced or no longer living as married 209 (17.4) 278 (19.8)
Alcohol intake
No/missing 428 (35.7) 463 (32.9)
Yes 772 (64.3) 943 (67.1)
Fruit and vegetable intake, (half cup-sized servings/week)
<19 400 (33.3) 515 (36.6)
19-31 407 (33.9) 419 (29.8)
>32 393 (32.8) 472 (33.6)
Smoking status
Never 647 (53.9) 746 (53.1)
Former 318 (26.5) 385 (27.4)
Current 235 (19.6) 275 (19.6)
Body mass index at 18 years, kg/m>
Missing 27 (2.3) 28 (2.0)
Underweight (< 18.5) 299 (24.9) 344 (24.5)
Normal weight (18.5-24.9) 742 (61.8) 904 (64.3)
Overweight (25-29.9) 97 (8.1) 86 (6.1)
Obese (>30) 35(2.9) 44 (3.1)
Body mass index, kg/m?
Missing 32(2.7) 34 (2.4)
Underweight (< 18.5) 17 (1.4) 33 (24)
Normal weight (18.5-24.9) 332 (27.7) 441 (31.4)
Overweight (25-29.9) 352 (29.3) 394 (28.0)
Obese (>30) 467 (38.9) 504 (35.9)
Physical activity
No/missing 541 (45.1) 665 (47.3)
Yes 659 (54.9) 741 (52.7)
Menopausal status
Premenopausal 502 (41.8) 566 (40.3)
Postmenopausal 698 (58.2) 840 (59.7)

First degree family history
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Table 1 (continued)

n (%) n (%)

No/missing 1054 (87.8) 1149 (81.7)

Yes 146 (12.2) 257 (18.3)
Ever lactated

No 729 (60.8) 881 (62.7)

Yes 471 (39.3) 525 (37.3)
Ever use oral contraceptives

Never/missing 407 (33.9) 485 (34.5)

Ever 793 (66.1) 921 (65.5)
Postmenopausal hormone use

Never/missing 769 (64.1) 913 (64.9)

Past 130 (10.8) 149 (10.6)

Current 301 (25.1) 344 (24.5)

consumption of pan-fried/oven-broiled beef steak or grilled/
barbecued hamburger was associated with higher odds of
breast cancer. Increased odds of breast cancer were also
observed with more frequent consumption of grilled/bar-
becued hamburger among post-menopausal women and
pan-fried/oven-broiled beef steak among pre-menopausal
women and among both ER-positive and ER-negative breast
cancer subtypes. In contrast, more frequent consumption of
pan-fried fish and weekly consumption of grilled/barbecued
pork chops were associated with lower odds of breast cancer
compared to less frequent consumption and the association
was stronger among post-menopausal women. The positive
association for pan-fried/oven-broiled beef steak and inverse
association for grilled/barbecued pork chops were more pro-
nounced among EA women than among AA women, while
the positive association with grilled/barbecued hamburger
and inverse association for pan-fried fish were present only
among EA women and not among AA women.

The majority of studies that have examined total red meat
intake in relation to overall breast cancer have found no or
weak associations [21, 26-28] but a few found significant
positive associations with red and processed meat intake [11,
26, 29, 30]. Many of these studies did not account for prepa-
ration methods and doneness levels when collecting data
on meat intake. Some studies examining meat preparation
methods found increased risk of breast cancer with increas-
ing intake of red and processed meat cooked to well-done
by methods that promote carcinogen formation [31-33].
Similarly, findings on consumption of meat cooked at high
temperature were supported by some [2, 13, 21, 34] but not
all studies [32, 35].

In our study, consumption of pan-fried fish once or more
per week when compared to no consumption was inversely
associated with breast cancer which was consistent with
one prior study [36] though was not supported in a meta-
analysis [37]. The inverse association may be attributed to

@ Springer

the omega-3 polyunsaturated fatty acids (PUFA) contained
in fish products which may have anti-inflammatory and other
anti-cancer effects, and intake of PUFAs were associated
with reduced breast cancer risk in the same meta-analysis
[37].

The finding of an inverse association with grilled/barbe-
cued pork chops was unexpected since pork is a red meat. In
the South, the term “barbecue” often refers to a marinade-
based slow-roasting method unlike the traditional grilling
method that can result in charring of the meat surfaces. It has
been shown that marinating meat with antioxidant rich mari-
nades prior to grilling may reduce the formation of carcino-
gens [38, 39]. On the other hand, the use of marinades with
a sugar rich base may increase the formation of carcinogens
[40]. We hypothesize that women with higher consumption
of barbecued pork may be consuming pork in place of other
meats that have been cooked with methods that promote car-
cinogen formation, which may partially explain the inverse
associations observed with the consumption of grilled/bar-
becued pork chops. It is also possible that certain meat prod-
ucts are more commonly prepared at home or served with
different vegetables and thus, may be a marker for a healthier
diet overall. We did not have data on these dietary patterns
and preparation methods to assess this possible explanation.

Our results reported stronger associations among
EA women with no statistically significant associations
observed among AA women except for preference for
medium or well-done meat on the inside. Similarly in pre-
vious studies, the risks in AA women were not statisti-
cally significant [20, 27] while positive associations were
reported in EA women [20]. It is unclear why a differential
association was observed between EA and AA women,
though other factors may play a larger role in breast cancer
risk among AA women such as socioeconomic inequalities
and other patterns of risk factors affecting access to health
care [41]. Differences in frequencies of polymorphisms
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Table 2 Associations of meat Controls Cases OR (95%CI*  OR (95% CI)°
and fish intake by preparation
methods with breast cancer (/%) (/%)
Chicken
Pan-fried
0 time per week 290 (24.2) 349 (24.8) Ref Ref
<1 time per week 405 (33.8) 466 (33.1)  1.00(0.80, 1.24)  1.02 (0.82, 1.27)
1 time per week 309 (25.8) 347 (24.7)  1.02(0.80,1.29)  1.08 (0.84, 1.38)
> 1 time per week 196 (16.3) 244 (17.4)  1.10(0.83,1.46)  1.13(0.85, 1.52)
Oven-broiled
0 time per week 779 (64.9) 950 (67.6)  Ref Ref
<1 time per week 220 (18.3) 236 (16.8)  0.85(0.68, 1.06)  0.86 (0.69, 1.07)
1 time per week 124 (10.3) 132 (9.4) 0.84 (0.63, 1.10)  0.83 (0.63, 1.11)
> 1 time per week 77 (6.4) 88 (6.3) 0.97 (0.69, 1.35)  0.95 (0.68, 1.34)
Grilled/barbecued
0 time per week 300 (25.0) 356 (25.3) Ref Ref
<1 time per week 575 (47.9) 700 (49.8)  1.11(0.90, 1.36)  1.13(0.92, 1.39)
1 time per week 203 (16.9) 233 (16.6) 1.01(0.78,1.32)  1.04 (0.80, 1.36)
> 1 time per week 122 (10.2) 117 (8.3) 0.89 (0.64, 1.22)  0.92 (0.66, 1.27)
Fish steak or fish prepared whole
Pan-fried
0 time per week 427 (35.6) 513 (36.5) Ref Ref
< 1 time per week 411 (34.3) 526 (37.4) 1.03(0.84,1.25) 1.03(0.85, 1.27)
> 1 time per week 362 (30.7) 367 (26.1)  0.75(0.59,0.95)  0.77 (0.60, 0.98)
Oven-broiled
0 time per week 872 (72.7) 1003 (71.3)  Ref Ref
< 1 time per week 242 (20.2) 300 (21.3) 1.09(0.89, 1.34)  1.04 (0.84, 1.28)
> 1 time per week 86 (7.2) 103 (7.3) 1.18 (0.86,1.63)  1.17 (0.85, 1.61)
Grilled/barbecued
0 time per week 980 (81.7) 1129 (80.3)  Ref Ref
<1 time per week 178 (14.8) 231 (16.4) 1.16(0.92,1.47) 1.11(0.88, 1.41)
> 1 time per week 42 (3.5) 46 (3.3) 0.99 (0.63,1.56)  0.94 (0.59, 1.49)
Hamburger
Pan-fried/oven-broiled
0 time per week 417 (34.8) 488 (34.7)  Ref Ref
<0.5 time per week 306 (25.5) 364 (25.9) 0.95(0.77,1.18)  0.98 (0.79, 1.22)
<1 time per week 343 (28.6) 420(29.9) 1.02(0.82,1.26) 1.05(0.85, 1.31)
> 1 time per week 134 (11.2) 134 (9.5) 0.83 (0.62, 1.12)  0.86 (0.64, 1.15)
Grilled/barbecued
0 time per week 412 (34.33) 479 (34.07) Ref Ref
<1 time per week 539 (44.92) 625 (44.45) 1.11(0.92,1.35) 1.18(0.97, 1.43)
> 1 time per week 249 (20.75) 302 (21.48) 1.19(0.94,1.51) 1.28(1.01, 1.63)
Beef steak
Pan-fried/oven-broiled
0 time per week 619 (51.6) 712 (50.6)  Ref Ref
<1 time per week 391 (32.6) 433 (30.8) 0.96 (0.80,1.16)  0.96 (0.80, 1.16)
> 1 time per week 190 (15.8) 261 (18.6) 1.37(1.09,1.73)  1.36(1.08, 1.72)
Grilled/barbecued
0 time per week 451 (37.6) 592 (42.1)  Ref Ref
< 1 time per week 558 (46.5) 584 (41.5) 0.84(0.70,1.01)  0.87 (0.72, 1.05)
> 1 time per week 191 (15.9) 230 (16.4) 094 (0.73,1.21)  0.96 (0.74, 1.24)

Pork chops
Pan-fried/oven-broiled
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Table 2 (continued)

Controls Cases OR (95% CI)* OR (95% CI)°
(n/%) (n/%)
0 time per week 396 (33.0) 484 (34.4)  Ref Ref
<1 time per week 459 (38.3) 565 (40.2)  0.96 (0.79, 1.17)  0.96 (0.79, 1.17)
> 1 time per week 345 (28.8) 357 (25.4) 0.82(0.66,1.02) 0.84 (0.67, 1.05)
Grilled/barbecued
0 time per week 745 (62.1) 937 (66.6)  Ref Ref
>0 time per week 455 (37.9) 469 (33.4) 0.80(0.68,0.96) 0.81 (0.68, 0.97)
Bacon
Pan-fried/oven-broiled
0 time per week 392 (32.7) 488 (34.7)  Ref Ref
<1 time per week 280 (23.3) 326 (23.2) 0.91(0.73,1.14)  0.92 (0.74, 1.15)
> 1 time per week 528 (44.0) 592 (42.1) 0.86(0.71,1.04)  0.87(0.71, 1.06)
Breakfast sausage
Pan-fried/oven-broiled
0 time per week 504 (42.0) 595 (42.3) Ref Ref
<1 time per week 304 (25.3) 367 (26.1)  1.02(0.83,1.25)  1.04 (0.84, 1.28)
> 1 time per week 392 (32.7) 444 (17.0) 090 (0.74,1.10)  0.93 (0.76, 1.15)
Hot dog or other sausage
Pan-fried/oven-broiled
0 time per week 912 (76.0) 1081 (76.9)  Ref Ref
>0 time per week 288 (24.0) 325(23.1) 096 (0.79, 1.17)  0.97 (0.80, 1.18)
Grilled/barbecued
0 time per week 717 (59.8) 832(59.2) Ref Ref
>0 time per week 483 (40.3) 574 (40.8)  1.05(0.89, 1.25)  1.08 (0.91, 1.28)
Doneness of meat® on the inside
NA/rare to medium rare 222 (18.5) 252 (17.9) Ref Ref
Medium to medium well 387 (32.3) 477(339) 1.11(0.87,1.41)  1.14(0.90, 1.46)
Well done 591 (49.3) 677 (48.2)  0.96 (0.76,1.22)  1.05(0.82, 1.35)
Doneness of meat® on the outside
NA/not browned/lightly browned 369 (30.8) 426 (30.3)  Ref Ref
Well browned 698 (58.2) 849 (60.4) 1.05(0.87,1.26)  1.06 (0.88, 1.28)
Heavily browned or charred 133 (11.1) 131 (9.3) 0.80 (0.59, 1.08)  0.80 (0.59, 1.08)

?Adjusted for age at diagnosis/enrollment, race, and offsets

bAdjustcd for age at diagnosis/enrollment, race, alcohol intake, BMI, family income, lactation, marital sta-

tus, use of oral contraceptives, postmenopausal hormone use, smoking status, and offsets

“Meat includes beef steak, roast, or hamburger

in NATI, NAT2, GSTM1, and GSTTI genes which encode
enzymes involved in detoxification of HCAs may also play
arole in the racial differences observed in the associations
between meat and fish intake and breast cancer [20, 42].
For example, the stronger associations observed among
EA women for grilled/barbecued hamburger or pan-fried/
oven-broiled beef steak may be attributed to GSTM I dele-
tions occurring more frequently in EA women compared to
AA women, resulting in reduced ability to detoxify HCAs
[43]. In the CBCS, smaller numbers of AA women and
greater imprecision of effect estimates may also explain
the differential effects observed.

@ Springer

Previous studies observed stronger positive associations

for pan-fried meat intake and ER-positive/PR-negative
breast tumors [21] and among post-menopausal women
[13] consuming grilled/barbecued and smoked meat [15].
Our positive associations observed between breast cancer
and red meat consumption were similar in ER-positive and
ER-negative tumors and pre- and post-menopausal women.
However, pan-fried fish and grilled/barbecued fish were
inversely associated with breast cancer among post-meno-
pausal women only.

Carcinogenic combustion byproducts formed during
cooking are one plausible biological mechanism underlying
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Table 3 Associations of meat and fish intake by preparation methods and breast cancer by race
European American Women African American Women
Controls (n/%) Cases (n/%) OR (95% CI)* Controls (n/%) Cases (n/%) OR (95% CI)* Interac-
tion p
value
748/46.6 858/53.4 452/45.2 548/54.8
Chicken
Pan-fried 0.87
0 time per week 242 (32.4) 298 (34.7) Ref 48 (10.6) 51(9.3) Ref
<1 time per week 313 (41.8) 350 (40.8) 0.97 (0.76, 1.25) 92 (20.4) 116 (21.2) 1.29(0.77,2.16)
1 time per week 160 (21.4) 162 (18.9) 0.96 (0.70, 1.30) 149 (33.0) 185 (33.8) 1.40(0.86,2.26)
> 1 time per week 33 (4.4) 48 (5.6) 1.56 (0.94,2.61) 163 (36.1) 196 (35.8) 1.21(0.75, 1.95)
Oven-broiled 0.55
0 time per week 500 (66.8) 603 (70.3) Ref 279 (61.7) 347 (63.3) Ref
< 1 time per week 144 919.3) 149 (17.4) 0.82(0.62,1.09) 76 (16.8) 87 (15.9) 0.97 (0.66, 1.41)
1 time per week 73 (9.8) 62(7.2) 0.64(0.44,094) 51(11.3) 70 (12.8) 1.14(0.75, 1.75)
> 1 time per week 31(4.1) 44 (5.1) 1.25(0.75,2.09) 46 (10.2) 44 (8.0) 0.82 (0.51, 1.30)
Grilled/barbecued 0.99
0 time per week 164 (21.9) 194 (22.6) Ref 136 (30.1) 162 (29.6) Ref
< 1 time per week 346 (46.3) 415 (48.4) 1.14(0.86, 1.50) 229 (50.7) 285(52.0) 1.12(0.82,1.53)
1 time per week 160 (21.4) 168 (19.6) 0.94 (0.67,1.32) 43 (9.5) 65 (11.9) 1.25(0.77,2.02)
> 1 time per week 78 (10.4) 81(9.4) 1.00 (0.66, 1.51) 44 (9.7) 36 (6.6) 0.71 (041, 1.23)
Fish steak or fish prepared whole
Pan-fried 0.32
0 time per week 363 (48.5) 447 (52.1) Ref 64 (14.2) 66 (12.0) Ref
< 1 time per week 275 (36.8) 322 (37.5) 0.95(0.75,1.20) 136 (30.1) 204 (37.2) 1.43(0.93,2.22)
> 1 time per week 110 (14.7) 89 (10.4) 0.63 (0.44,0.89) 252 (55.8) 278 (50.7)  1.06 (0.70, 1.60)
Oven-broiled 0.49
0 time per week 519 (69.4) 566 (66.0) Ref 353 (78.1) 437 (79.7) Ref
< 1 time per week 164 (21.9) 224 (26.2) 1.19(0.92,1.55) 78(17.3) 76 (13.9) 0.76 (0.52, 1.12)
> 1 time per week 65 (8.7) 68 (7.9) 1.09 (0.74,1.62) 21 (4.7) 35(6.4) 1.55 (0.85, 2.81)
Grilled/barbecued 0.8
0 time per week 563 (75.3) 630 (73.4) Ref 417 (92.3) 499 (91.1) Ref
<1 time per week 148 (19.8) 189 (22.0) 1.08 (0.82,1.42) 30 (6.6) 42(7.7) 1.09 (0.64, 1.85)
> 1 time per week 37 (5.0) 39 (4.6) 0.86(0.52, 1.43) 5(1.1) 7(1.3) 1.49 (0.44, 4.98)
Pan-fried/oven-broiled 0.07
0 time per week 338 (45.2) 370 (43.1) Ref 79 (17.5) 118 (21.5) Ref
<0.5 time per week 186 (24.9) 219 (25.5) 1.05(0.81,1.38) 120 (26.6) 145 (26.5) 0.86 (0.58, 1.29)
<1 time per week 168 (22.5) 203 (23.7) 1.14(0.86, 1.51) 175 (38.7) 217 (39.6) 0.91(0.63, 1.32)
> 1 time per week 56 (7.5) 66 (7.7) 1.21(0.79, 1.85) 78 (17.3) 68 (12.4) 0.64 (0.40, 1.02)
Grilled/barbecued 0.05
0 time per week 210 (28.1) 224 (26.1) Ref 202 (44.7) 255 (46.5) Ref
<1 time per week 362 (48.4) 413 (48.1) 1.28(0.98, 1.68) 177 (39.2) 212 (38.7) 1.11(0.83, 1.50)
1 time per week 176 (23.5) 221(25.8) 1.54(1.13,2.11) 73(16.2) 81 (14.8) 0.89 (0.59. 1.35)
Beef steak
Pan-fried/oven-broiled 0.92
0 time per week 451 (60.3) 513(59.8) Ref 168 (37.2) 199 (36.3) Ref
<1 time per week 210 (28.1) 225(26.2) 0.96 (0.75, 1.23) 181 (40.0) 208 (38.0)  0.94 (0.69, 1.28)
> 1 time per week 87 (11.6) 120 (14.0) 1.47 (1.06,2.04) 103 (22.8) 141 (25.7) 1.24(0.88, 1.76)
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Table 3 (continued)

European American Women African American Women

Controls (n/%) Cases (n/%) OR (95% CI)* Controls (n/%) Cases (n/%) OR (95% CI)* Interac-

tion p
value
748/46.6 858/53.4 452/45.2 548/54.8
Grilled/barbecued 0.47
0 time per week 198 (26.5) 270 (31.5) Ref 253 (56.0) 322 (58.7) Ref
<1 time per week 392 (52.4) 404 (47.1)  0.76 (0.59, 0.98) 166 (36.7) 180 (32.9) 0.97 (0.72, 1.30)
> 1 time per week 158 (21.1) 184 (21.5) 0.85(0.62,1.15) 33(7.3) 46 (8.4) 1.14 (0.68, 1.91)
Pork chops
Pan-fried/oven-broiled 0.3
0 time per week 309 (41.3) 377 (43.9) Ref 87 (19.3) 107 (19.5) Ref
<1 time per week 275 (36.8) 334 (38.9) 0.98(0.77, 1.24) 184 (40.7) 231 (42.2) 0.97 (0.67, 1.40)
> 1 time per week 164 (21.9) 147 (17.1)  0.74 (0.55, 1.00) 181 (40.0) 210 (38.3) 0.93(0.64, 1.35)
Grilled/barbecued 0.27
0 time per week 430 (57.5) 546 (63.6) Ref 315 (69.7) 391 (71.4) Ref
>0 time per week 318 (42.5) 312 (36.4) 0.75(0.60,0.94) 137 (30.3) 157 (28.7)  0.90 (0.67, 1.21)
Bacon
Pan-fried/oven-broiled 0.09
0 time per week 295 (39.4) 369 (43.0) Ref 97 (21.5) 119 (21.7) Ref
<1 time per week 180 (24.1) 221 (25.8) 0.94(0.72,1.24) 100 (22.1) 105 (19.2)  0.90 (0.60, 1.36)
> 1 time per week 273 (36.5) 268 (31.2) 0.77 (0.60,0.99) 255 (56.4) 324 (59.1) 1.03(0.73, 1.45)
Breakfast sausage
Pan-fried/oven-broiled 0.96
0 time per week 389 (52.0) 449 (52.3) Ref 115 (25.4) 146 (26.6) Ref
<1 time per week 201 (26.9) 246 (28.7) 1.06 (0.83,1.37) 103 (22.8) 121 (22.1)  0.93 (0.63, 1.36)
> 1 time per week 158 (21.1) 163 (19.0) 0.94 (0.70, 1.26) 234 (51.8) 281 (51.3) 0.89(0.65, 1.23)
Hot dog or other sausage
Pan-fried/oven-broiled 0.49
0 time per week 552 (73.8) 634 (73.9) Ref 360 (79.7) 447 (81.6) Ref
>0 time per week 196 (26.2) 224 (26.1) 1.05(0.82,1.34) 92(20.4) 101 (18.4)  0.89 (0.63, 1.25)
Grilled/barbecued 0.89
0 time per week 456 (61.0) 518 (60.4) Ref 261 (57.7) 314 (57.3) Ref
>0 time per week 292 (39.0) 340 (39.6) 1.06 (0.85,1.32) 191 (42.3) 234 (42.7) 1.15(0.87, 1.53)
Doneness of meat® on the inside
NA/rare to medium rare 184 (24.6) 223 (26.0) Ref 38 (8.4) 29 (5.3) Ref 0.58
Medium to medium well 323 (43.2) 362 (42.2) 0.94(0.72,1.23) 64 (14.2) 115 (21.0) 2.77(1.49,5.14)
Well done 241 (32.2) 273 (31.8) 0.99 (0.74, 1.35) 350 (44.4) 404 (73.7)  1.78 (1.03, 3.08)
Doneness of meat® on the outside
NA/not browned/lightly browned 299 (40.0) 335(39.0) Ref 70 (15.5) 91 (16.6) Ref 0.79
Well browned 379 (50.7) 452 (52.7) 1.08 (0.86, 1.35) 319 (70.6) 397 (72.4) 1.01(0.70, 1.47)
Heavily browned or charred 70 (9.3) 71 (8.3) 0.80 (0.54, 1.18) 63 (13.9) 60 (11.0) 0.78 (0.47, 1.31)

?Adjusted for age at diagnosis/enrollment, alcohol intake, BMI, family income, lactation, marital status, use of oral contraceptives, postmeno-
pausal hormone use, smoking status, and offsets

"Meat includes beef steak, roast, or hamburger

these results. HCAs and PAHs are two classes of carcino-  have been shown in experimental studies to be implicated in
gens that are formed inside and on the surface of meat when =~ DNA damage, promoting the development of mammary can-
cooked at high temperatures for long periods of time and  cers [5]. The levels of HCAs formed vary by the preparation
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Table 4 Associations of meat and fish intake by preparation methods and breast cancer among pre-menopausal and post-menopausal women

Pre-menopausal women Post-menopausal women
(n=1068) (n=1538)
Controls Cases OR (95% CI)* Controls Cases OR (95% CI)* Interac-
tion p
value
(n=502) (n=5606) (698) (840)
Chicken
Pan-fried 0.82
0 time per week 134 (26.7) 148 (26.2) Ref 156 (22.4) 201 (23.9) Ref
<1 time per week 151 (30.1) 184 (32.5) 1.19(0.85,1.69) 254 (36.4) 282(33.6) 0.93(0.69, 1.25)
1 time per week 130 (25.9) 130(23.0) 1.17(0.79,1.74) 179 (25.6) 217(25.8) 1.03(0.75, 1.43)
> 1 time per week 87 (17.3) 104 (18.4) 1.22(0.77,1.92) 109 (15.6) 140(16.7) 1.05(0.71, 1.55)
Oven-broiled 0.88
0 time per week 320 (63.8) 370 (65.4) Ref 459 (65.8) 580 (69.1) Ref
<1 time per week 97 (19.3) 106 (18.7) 0.89(0.63,1.25) 123 (17.6) 130(15.5) 0.83(0.61,1.11)
1 time per week 51(10.2) 559.7) 0.97 (0.63, 1.51) 73 (10.5) 77 (9.2) 0.76 (0.52, 1.10)
> 1 time per week 34 (6.8) 35(6.2) 0.81 (0.48, 1.38) 43 (6.2) 53 (6.3) 1.03 (0.66, 1.62)
Grilled/barbecued 0.89
0 time per week 85 (16.9) 91 (16.1) Ref 215(30.8) 265(31.6) Ref
<1 time per week 256 (51.0) 299 (52.8) 1.08 (0.75,1.56) 319(45.7) 401 (47.7) 1.16(0.90, 1.50)
1 time per week 95(18.9) 105(18.6) 1.00(0.64,1.56) 108 (15.5) 128 (15.2) 1.07 (0.76, 1.51)
> 1 time per week 66 (13.2) 71 (12.5) 0.99 (0.61, 1.61) 56 (8.0) 46 (5.5) 0.77 (0.48, 1.23)
Fish steak or fish prepared whole
Pan-fried 0.49
0 time per week 208 (41.4) 226(39.9) Ref 219 (31.4) 287 (34.2) Ref
<1 time per week 159 (31.7) 211(37.3) 1.27(0.93,1.73) 252 (36.1) 315(37.5) 0.91(0.69,1.19)
> 1 time per week 135(26.9) 129 (22.8) 0.83(0.56,1.22) 227 (32.5) 238(28.3) 0.72(0.52,0.98)
Oven-broiled 0.94
0 time per week 368 (73.3) 406 (71.7) Ref 504 (72.2) 597 (71.1) Ref
<1 time per week 109 (21.7) 124 (21.9) 094 (0.68,1.29) 133 (19.1) 176 (21.0) 1.12(0.85, 1.48)
> 1 time per week 25 (5.0) 36 (6.4) 1.45 (0.82, 2.54) 61 (8.7) 67 (8.0) 1.06 (0.71, 1.58)
Grilled/barbecued 0.01
0 time per week 408 (81.3) 426(75.3) Ref 572 (82.0) 703 (83.7) Ref
<1 time per week 80 (15.9) 113 (20.0) 1.34(0.93,1.92) 98 (14.0) 118 (14.1) 0.95(0.69, 1.31)
> 1 time per week 14 (2.8) 27 (4.8) 1.93 (0.95, 3.90) 28 (4.0) 19 (2.3) 0.52 (0.27,0.99)
Hamburger
Pan-fried/oven-broiled 0.02
0 time per week 171 (34.1) 222(39.2) Ref 246 (35.2) 266 (31.7) Ref
<0.5 time per week 118 (23.5) 126(22.3) 0.76(0.53,1.08) 188 (26.9) 238(28.3) 1.19(0.90, 1.58)
<1 time per week 144 (28.7) 156 (27.6) 0.83(0.59,1.16) 199 (28.5) 264 (31.4) 1.30(0.98,1.72)
> 1 time per week 69 (13.8) 62 (11.0) 0.62 (0.40, 0.96) 65 (9.3) 72 (8.6) 1.21 (0.80, 1.83)
Grilled/barbecued 0.33
0 time per week 124 (24.7) 140 (24.7) Ref 288 (41.3) 339 (40.4) Ref
<1 time per week 249 (49.6) 273 (48.2) 1.03(0.74,1.42) 290 (41.6) 352(41.9) 1.23(0.96, 1.59)
> 1 time per week 129 (25.7) 153 (27.0) 1.10(0.76,1.60) 120 (17.2) 149 (17.7) 1.46(1.05,2.03)
Beef steak
Pan-fried/oven-broiled 0.32
0 time per week 273 (54.4) 293 (51.8) Ref 346 (49.6) 419 (49.9) Ref
<1 time per week 154 (30.7) 169 (29.9) 1.12(0.83,1.51) 237(34.0) 264(31.4) 0.86(0.67,1.10)
> 1 time per week 75(14.9) 104 (18.4) 1.56(1.08,2.26) 115(16.5) 157 (18.7) 1.25(0.92, 1.69)
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Table 4 (continued)

Pre-menopausal women

Post-menopausal women

(n=1068) (n=1538)
Controls Cases OR (95% CI)* Controls Cases OR (95% CI)* Interac-
tion p
value
(n=502) (n=566) (698) (840)
Grilled/barbecued 0.87
0 time per week 171 (34.1) 208 (36.8) Ref 280 (40.1) 384 (45.7) Ref
<1 time per week 255(50.8) 265 (46.8) 0.88(0.65,1.18) 303 (43.4) 319(38.0) 0.84(0.65,1.07)
> 1 time per week 76 (15.1) 93 (16.4) 0.90(0.60,1.36) 115(16.5) 137 (16.3) 0.99 (0.71, 1.38)
Pork chops
Pan-fried/oven-broiled 0.38
0 time per week 164 (32.7) 200 (35.3) Ref 232 (33.2) 284 (33.8) Ref
< 1 time per week 194 (38.7) 228 (40.3) 0.90 (0.66, 1.23) 265 (38.0) 337 (40.1) 0.99 (0.76, 1.29)
> 1 time per week 144 (28.7) 138 (24.4) 0.71 (0.49,1.02) 201 (28.8) 219(26.1) 0.93 (0.69, 1.24)
Grilled/barbecued 0.08
0 time per week 295 (58.8) 332(58.7) Ref 450 (64.5) 605 (72.0) Ref
>0 time per week 207 (41.2) 234 (41.3) 0.96(0.74,1.26) 248 (35.5) 235(28.0) 0.71 (0.56, 0.90)
Bacon
Pan-fried/oven-broiled 0.4
0 time per week 158 (31.5) 191 (33.8) Ref 234 (33.5) 297 (354) Ref
<1 time per week 121 (24.1) 157 (27.7) 1.08 (0.77,1.51) 159 (22.8) 169 (20.1) 0.81 (0.60, 1.09)
> 1 time per week 223 (44.4) 218(38.5) 0.80(0.58,1.10) 305(43.7) 374 (44.5) 0.92(0.71,1.19)
Breakfast sausage
Pan-fried/oven-broiled 0.9
0 time per week 210 (41.8) 233 (41.2) Ref 294 (42.1) 362 (43.1) Ref
<1 time per week 134 (26.7) 171 (30.2) 1.21(0.88,1.66) 170 (24.4) 196 (23.3) 0.91 (0.69, 1.20)
> 1 time per week 158 (31.5) 162 (28.6) 0.94(0.67,1.33) 234(33.5) 282(33.6) 0.94(0.72, 1.23)
Hot dog or other sausage
Pan-fried/oven-broiled 0.31
0 time per week 386 (76.9) 428 (75.6) Ref 526 (75.4) 653 (77.7) Ref
>0 time per week 116 (23.1) 138 (24.4) 1.09 (0.81, 1.48) 172)24.6) 187 (22.3)  0.90 (0.70, 1.17)
Grilled/barbecued 0.59
0 time per week 260 (51.8) 275 (48.6) Ref 457 (65.5) 557 (66.3) Ref
>0 time per week 242 (48.2) 291 (51.4) 1.20(0.93,1.56) 241 (34.5) 283(33.7) 1.01(0.80,1.27)
Doneness of meat® on the inside
NA/rare to medium rare 94 (18.7) 114 (20.1) Ref 128 (18.3) 138 (16.4) Ref 0.99
Medium to medium well 167 (33.3) 186(32.9) 1.02(0.70,1.47) 220(31.5) 291(34.6) 1.26(0.91,1.73)
Well done 241 (48.0) 266 (47.0) 1.02(0.69,1.51) 350(50.1) 411(48.9) 1.09(0.78,1.52)
Doneness of meat® on the outside
NA/not browned/lightly browned 135 (26.9) 162 (28.6) Ref 234 (33.5) 264 (31.4) Ref 0.6
Well browned 310(61.8) 349 (61.7) 0.97(0.71,1.32) 388(55.6) 500(59.5) 1.14(0.90, 1.46)
Heavily browned or charred 57 (11.4) 559.7) 0.81 (0.50, 1.31) 76 (10.9) 76 (9.1) 0.77 (0.52, 1.14)

#Adjusted for age at diagnosis/enrollment, race, alcohol intake, marital status, family income, smoking status, BMI, lactation, use of oral contra-

ceptives, and offsets

bMeat includes beef steak, roast, or hamburger
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method, temperature, preparation time, and type of meat pre-
pared [44]. In particular, pan-frying and grilling are methods
that create high levels of HCAs in red meat and the forma-
tion of HCAs increases with higher temperatures [44, 45].
PAHs are formed when the smoke produced from drippings
of meat prepared on open flame, adhere to meat surfaces
[46]. NOCs are carcinogens formed in processed meat and
are also produced endogenously through the nitrosylation
of heme found in red meat [47—49]. We found the strongest
positive associations in women reporting high intakes of red
meat cooked by pan-frying, oven-broiling or grilled/barbe-
cued, supporting our hypothesis that HCAs and PAHs may
play a role in the etiology of human breast cancer. Though
a meta-analysis showed increased breast cancer risk with
high consumption of processed meat [18], we did not find an
association with individual processed meat products (bacon,
breakfast sausage, or hot dog). Other plausible mechanisms,
most notably that distinct dietary patterns may be associated
with intake of specific types of meat, could account for the
observed associations.

One limitation of the study is that a complete dietary
assessment method was not utilized so we did not have
information on total energy intake or on other aspects of the
diet besides fruits and vegetables to adjust for potential con-
founding. It is possible that the relationship between intake
of pan-fried or oven-broiled beef steak and breast cancer
could be confounded by total energy intake given that obe-
sity, as a surrogate for high energy intake, is an established
risk factor for post-menopausal breast cancer and may also
be correlated with meat intake. Though we queried about
several types of meats, cooking methods, and doneness pref-
erences, a validated method such as that developed by Sinha
et al. [50] which utilizes color photographs of meats at vary-
ing levels of doneness was not utilized in this study. Future
studies of cooked meat and cancer may benefit from using
the color photographs to more accurately estimate exposure
to cooked meat carcinogens. Given the retrospective nature
of the case—control study design, recall bias is also a pos-
sibility in this study. The diagnosis of disease may cause
breast cancer cases to recall cooked meat intake differently
than controls, resulting in differential misclassification of the
exposure which could bias the effect estimates. A strength
of our study is the oversampling of AA women and women
younger than 50 years to allow for examination of associa-
tions between cooked meat and breast cancer among differ-
ent racial groups and by menopausal status. However, some
subgroup analyses (e.g., by race and ER status) were limited
by sample size resulting in imprecision.

In conclusion, we found a modest increased risk of breast
cancer in women consuming beef at least once per week
prepared in ways that enhance carcinogen formation com-
pared to non-consumers, and a reduced risk of breast can-
cer for higher intake of fish or barbecued pork. The results

build upon the evidence for a role of meat and fish intake in
the etiology of breast cancer and are consistent with dietary
guidelines aimed at reducing fried or broiled red meat intake
and increasing fish intake for cancer prevention.
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