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Abstract

Purpose—There is suggestive but limited evidence for a relationship between meat intake and
breast cancer (BC) risk. Few studies included Hispanic women. We investigated the association
between meats and fish intake and BC risk among Hispanic and NHW women.
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Methods—The study included NHW (1,982 cases and 2,218 controls) and US Hispanics (1,777
cases and 2,218 controls) from 2 population-based case-control studies. Analyses considered
menopausal status and percent Native American ancestry. We estimated pooled ORs combining
harmonized data from both studies, and study and race/ethnicity specific ORs that were combined
using fixed or random effects models, depending on heterogeneity levels.

Results—When comparing highest versus lowest tertile of intake, among NHW we observed an
association between tuna intake and BC risk (pooled OR = 1.25; 95% CI = 1.05-1.50; trend p =
0.006),. Among Hispanics, we observed an association between BC risk and processed meat
intake (pooled OR = 1.42; 95% CI 1.18-1.71; trend p < 0.001), and between white meat (OR =
0.80; 95% CI 0.67-0.95; trend p = 0.01) and BC risk, driven by poultry. All these findings were
supported by meta-analysis using fixed or random effect models, and were restricted to estrogen
receptor positive tumors. Processed meats and poultry were not associated with BC risk among
NHW women; red meat and fish were not associated with BC risk in either race/ethnic groups.

Conclusions—Our results suggest the presence of ethnic differences in associations between
meat and BC risk that may contribute to BC disparities.

Introduction

Breast cancer (BC) incidence rates vary by race/ethnicity in the United States (US). Non-
Hispanic white (NHW) women have the highest age adjusted rates (128.0 per 100,000),
whereas Hispanic women have among the lowest rates (93.2 per 100,000) [1]. In spite of the
lower incidence rates, Hispanic women are more likely to be diagnosed at advanced disease
stages and with estrogen receptor (ER) negative tumors [2, 3]. Racial/ethnic differences in
the distribution of risk factors such as reproductive history, alcohol consumption, and
menopausal hormone therapy use [2, 4, 5] may partially explain the disparity in incidence,
but do not account for all of the observed variability [5]. While migrant studies found a rise
in incidence rates of BC upon immigration to the US from countries with traditionally low
BC incidence rates, such as Latin America and Asia [4, 6], consideration of known risk
factors do not fully explain the observed rate differences between US and foreign-born
Hispanic women [4]. Differences in the frequency of predisposing genetic variants may also
play a role. Hispanics are a genetically admixed population made up of European, Native
American (NA), and African ancestry components. Higher European ancestry is associated
with increased BC risk in both US Hispanic and Mexican women [7, 8], and BC
susceptibility loci were identified among Latinas via admixture mapping, and more recently,
through genome-wide association analyses [9, 10]. Altogether, the current evidence suggests
the presence of unmeasured or poorly characterized BC risk factors might be particularly
relevant for Latina women, a growing population.

Diet, particularly meat intake, has not been considered in investigations of BC among Latina
women. The World Cancer Research Fund and the American Institute for Cancer Research
recommend limiting red and processed meat intake based on conclusive links between meat
intake and colorectal cancer [11]. Epidemiological evidence for positive associations
between intakes of meat, poultry, and fish and BC risk is less conclusive, but suggestive [11,
12]. Possible mechanisms include oxidative damage from bioavailable heme-iron [13],
exposure to exogenous growth-promoting hormones used in animal food production [14],
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and intake of mutagenic xenobiotic compounds such as heterocyclic amines (HCAS),
polycyclic aromatic hydrocarbons (PAHSs), and N-Nitroso compounds (NOCs) [15, 16].
Meta-analyses of large prospective studies yielded weakly positive associations that failed to
reach statistical significance [17, 18]. In contrast, another meta-analysis including cohort and
case-control studies performed on pre-menopausal women reported positive summary
associations between meat intake and BC risk [19], although there is substantial
heterogeneity across studies regarding the choice of model covariates and control selection.
In addition, genetic variants may modify the association with meat intake. To date, several
studies have investigated variants in mutagen metabolism, with two reporting significant
interactions with meat intake [20, 21].

In this study we investigated the association between meat, poultry, and fish intake and BC
risk among NHW and US Hispanic women. Our goals were to understand the role of meat/
fish intake in BC risk and its potential impact on the observed BC incidence rate disparity.

Study population

The Breast Cancer Health Disparities Study (BCHD) [22] is a consortium of three case-
control studies (two from the US and one from Mexico). In this analysis we included data
from the two population-based US case-control studies: the 4-Corners Breast Cancer Study
(4-CBCS), and the San Francisco Bay Area Breast Cancer Study (SFBCS). Protocols were
approved by the Institutional Review Board for Human Subjects at each institution, and all
participants signed written informed consents prior to study enrollment.

4-Corners Breast Cancer Study (4-CBCS)—This study consists of NHW, Hispanic, or
NA women aged 25-79 years who resided in non-reservation areas within the states of
Arizona, Colorado, New Mexico, or Utah at the time of diagnosis (cases) or selection into
the study (controls) [23]. State tumor registries were used to identify cases and confirm
eligibility criteria, which included a histologically confirmed diagnosis of in situ or invasive
breast cancer between October 1999 and May 2004. Information on tumor ER/PR status was
also obtained from registry data as indicated in pathology reports. Controls were selected
within target populations from sources ranging from commercial mailing lists to driver’s
license lists, and frequency matched on ethnicity and 5-year age distribution of cases.
Participation rates were 63% and 36% for Hispanic cases and controls, respectively, and
71% and 47% for NHW cases and controls, respectively. Trained interviewers administered
a structured computerized questionnaires in English or Spanish to collect participant
information up to the reference year (the year prior to diagnosis for cases or selection for
controls). Dietary intake was assessed using a computerized version of a validated dietary
history questionnaire (CARDIA) which captures more than 300 food items [24] and was
modified to accommodate foods commonly eaten in the Southwestern US [25]. Weight and
height were measured at the time of interview. Of those interviewed, blood for DNA
extraction was collected from 76.6% of cases and 82.4% of controls.

San Francisco Bay Area Breast Cancer Study (SFBCS)—Participants in SFBCS
were NHW, Hispanic, and African American women ages 35-79 years newly diagnosed
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with a first primary histologically confirmed invasive breast cancer between April 1995 and
April 2002 for Hispanic women and between April 1995 and April 1999 for NHW and
African American women who resided in the San Francisco Bay Area at the time of
diagnosis (counties of San Francisco, San Mateo, Santa Clara, Alameda, and Contra Costa)
[4, 26]. Cases were ascertained via the Greater Bay Area Cancer Registry and screened by
telephone for self-reported race/ethnicity and study eligibility (89% participation among
those contacted). Information on tumor ER/PR status was obtained from registry data as
indicated in pathology reports. All eligible Hispanic and African American women and a
10% random sample of eligible NHW women were invited to participate in an in-person
interview. Controls residing in the San Francisco Bay Area were selected via random-digit
dialing using the Waksberg method, and frequency matched to cases by race/ethnicity and 5
year age group. They were also screened by telephone for self-reported race/ethnicity and
study eligibility (92% participation among those contacted). Among those eligible for the in-
person interview, participation rates were 89% and 88% for Hispanic cases and controls,
respectively, and 86% and 83% for NHW cases and controls, respectively. Trained bilingual
interviewers administered a structured questionnaire to collect participant information up to
the reference year (the calendar year prior to diagnosis for cases or selection for controls).
Height and weight were measured in person. Dietary intake during the reference year was
assessed using a modified version of the Block’s Health History and Habits Questionnaire
which captured 85-food items [27]. A biospecimen component was added to the
investigation in 1997, and among those eligible, 93% of cases and 92% of controls
contributed a blood or mouthwash sample.

We excluded 158 individuals with missing or extreme caloric intake, defined as daily intake
of <600 or > 6,000 kcal, 301 individuals with in situ BC diagnosis or for whom BC was not
the first primary cancer diagnosis, and 128 individuals who self-identified as American
Indian/Native American. Prior to further exclusions, there were 8,242 study participants:
2,064 cases and 2,392 controls from 4-CBCS, and 1,695 cases and 2,091 controls from
SFBCS. DNA for genotyping was available for 5,544 participants (~ 67.3%); thus analyses
adjusted for or stratified by admixture information were performed on this smaller subset.
Lastly, participants with missing covariate or exposure data were dropped from the final
fitted models. The final main effects models included 7,470 participants, whereas final
models utilizing genetic data included 5,079 participants.

Data Harmonization and exposure variables

Adjustment variables—Data were harmonized across the two studies. Adjustment
variables included body mass index (BMI), calculated as self-reported weight (kg) divided
by height (m) squared. Race/ethnicity was self-reported. Age corresponds to age during the
reference year. Education was defined as the highest educational level attained (less than
high school, high-school/GED, post-high school). Reports of history of first-degree relative
with breast cancer were dichotomized (yes/no). Parity was defined as the number of live and
stillborn births (0, 1-2, 3—4, 5+ births) while age at first birth was defined as age at first live
or still birth. These were combined into a single reproductive history variable (nulliparous, <
20, 20-24, 25-29, =30 years). Lifetime physical activity was scored from 1 (low) to 4
(high), based on study-specific cut-points for hours per week of vigorous activity during the
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reference year, and at ages 15, 30, and 50. Women were classified as pre-menopausal or
post-menopausal based on responses to menstrual history questions. All women who
reported having periods during the referent year were classified as pre-menopausal. Women
taking menopausal hormone therapy and still having periods were classified as post-
menopausal if their age was above the 95t percentile of age distribution among women
reporting natural menopause (no periods for =12 months) within their corresponding race/
ethnicity groups and study center. This age cutoff varied by study: 58 years for NHWSs and
56 for Hispanics in 4-CBCS, and 55 for NHWSs and 56 for Hispanics in the SFBCS. Alcohol
intake (gm/day) was calculated based on lifetime consumption in 4-CBCS and consumption
during the reference year in SFBCS, and was categorized as none, <5, 5 to <10, and =10.
Lastly, dietary variables included in the adjusted models were daily caloric intake (kcal/day),
and nutrient-density adjusted daily intake of fiber and total fat (g/kcal/day).

Meat/fish Consumption—In order to harmonize meat/fish intake variables across
studies, we combined each studies’ questionnaire meat items into six categories: red meat,
processed meat, white meat (combined poultry and fish intake), poultry, fish, and tuna. Both
questionnaires included similar meat items for each category. Red meat includes items such
as beef steaks, burgers, roasts, veal, ribs, pork (chops, steaks, roasts, ribs, fresh hams), lamb,
and any dishes that included fresh meat as an ingredient. Processed meats include hotdogs,
sausages, bacon, luncheon meats, processed ham, and any dishes that included these items.
Chicken and turkey make up the poultry category, while fish includes any seafood items,
such as white and dark fishes, and shellfish. White meat is a combination of all poultry and
fish intake. While the fish variable includes tuna intake, we chose to analyze tuna separately
since questionnaires contained questions specific for tuna and dishes containing tuna. As
caloric intake could confound associations between meat and BC, the combined meat/fish
variables were adjusted for energy intake using the nutrient density method [28], and are
expressed as grams per 1,000 kcal of energy intake per day. Lastly, using the nutrient density
adjusted variables we categorized intake levels by calculating study- and race/ethnicity-
specific tertiles based on distributions of energy-adjusted meat/fish intake among controls,
then combining corresponding tertile levels across studies and race-ethnic groups. For tuna
intake, a substantial number of controls (> 10%) reported zero intake during the referent
period. These participants were grouped into the lowest tertile group, while the rest were
split into the second and third tertile groups based on median levels of intake among
controls.

Ancestry Informative Markers

Genotyping (Goldengate Chemistry, San Diego, CA) was performed as part of a larger effort
to investigate the association between variants in genes related to inflammation, hormones,
and energetic factors and BC risk in the BCHD Study [22]. We obtained genotype
information for 104 Ancestry Informative Markers (AIMs), which were used to categorize
women based on percent level of NA ancestry, also previously described [22]. Briefly, using
the program STRUCTURE 2.0, individual ancestry for each study participant was estimated
assuming two founding populations (European and NA). A three founding population model
was assessed, but did not fit the population structure with the same level of repeatability and
correlation among runs. Ancestry is expressed as percent Native American.
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Statistical Analysis

Results

Distributions of covariates by race/ethnicity were summarized using frequencies
(proportions) and means (standard deviations), and group differences were assessed using
Chi-square and Student’s t-tests, respectively. Measures of association between overall meat/
fish intake in tertile categories and BC risk were calculated using unconditional logistic
regression models. Covariates included age, study center, menopausal status (when not
stratified), family history of BC, education, alcohol consumption, parity/age at first birth,
physical activity, BMI during reference year, daily caloric intake, intake of fiber, and total
fat. Oral contraceptive (never/ever) were accounted for in analyses among pre-menopausal
women, and hormone replacement therapy use (never/ever) were accounted for in post-
menopausal analyses and analyses of all women combined, but neither significantly change
estimates (< 10% change), and thus were omitted from the final results. Trend tests were
performed by modeling the indicator variables continuously; median levels of intake are not
meaningful given the manner in which the variables were harmonized. All analyses were
stratified by race/ethnicity and menopausal status. Among Hispanic women, analyses were
stratified by admixture tertile categories which were calculated based on the distribution of
NA ancestry among Hispanic controls. Tests of heterogeneity of odds ratios by menopausal
status, race/ethnicity, and admixture categories were computed using likelihood ratio tests of
models including and excluding interaction terms between these variables and meat/fish
intake. Sub-analyses included mutual adjustment for other meat, poultry, and fish intake
variables. Lastly, multinomial logistic regression was used to model the risk of BC by tumor
estrogen receptor status, with controls serving as the reference group.

As mentioned previously, 4-CBCS and SFBCS employed different instruments to measure
dietary intake, leading to study differences in daily intake values of meat and fish. To
address this, we calculated study- and race/ethnicity-specific tertiles. To further address any
potential heterogeneity across studies, we performed additional analyses to combine study-
specific odds ratios for each racial/ethnic group. We obtained these combined ORs by using
random [29] or fixed effects models depending on the level of study heterogeneity as
determined by Cochrane’s Q [29] and 12 [30] statistics. Specifically, among NHW women
the Cochran Q was < 0.05 or 12 > 50%, thus random effects models were employed
exclusively. There were less study heterogeneity among Hispanic women, with Cochran Q >
0.05 and 12 < 50%, with the exception of poultry intake. Therefore, combined odds ratios for
all variables, except poultry, were obtained using fixed effect models, whereas for poultry
intake random effects models were used. We also obtained combined ORs stratified by
estrogen receptor status. We first calculated study and race specific results for each breast
cancer subtype (ER+ and ER) compared to controls using unconditional logistic regression,
then combined these results using random/fixed effects models, as above.

All hypothesis tests were two-sided. Analyses were performed using the statistical software
STATA SE 12.0 (STATA Corporation, College Station, TX).

Characteristics of study participants stratified by race/ethnicity are summarized in Table 1.
Overall, NHW cases and controls were older than Hispanic cases and controls, and were
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more likely to have a first degree family history of breast cancer. In addition, NHW cases
and controls consumed more alcohol, were more often nulliparous and older at first birth,
were more likely to use oral contraceptives and undergo hormone replacement therapy, and
attained higher levels of education than Hispanic cases and controls, whereas the latter had
higher BMI and daily caloric intake levels. Compared to controls, both NHW and Hispanic
cases were more likely to have a first degree family history of BC, consume more alcohol,
and be nulliparous. Among Hispanics, higher education levels and older age at first birth
were associated with BC risk, while higher BMI was inversely associated with BC risk. In
general, Hispanic women consumed less meats and fish than NHW women, with the
exception of processed meat, for which consumption was lower among Hispanic women in
SFBCS and higher in 4-CBCS.

Meat/fish variables and BC risk among NHW and Hispanic women

We investigated the association between six meat/fish variables and BC risk among NHW
women (Table 2) and among Hispanic women (Table 3), stratifying by menopausal status,
pooling data from both case-control studies. Among NHW women, tuna intake was the only
meat/fish variable associated with BC risk (T3 vs. T1 OR = 1.25; 95% CI 1.05-1.50), with
comparable OR estimates for pre- and post-menopausal women (Table 2). We observed a
similar association between high intake of tuna and BC risk among Hispanic women (overall
T3vs. T1 OR =1.21; 95% CI 1.02-1.44) (Table 3), with a significant association among
post-menopausal women only (T3 vs. T1 OR = 1.29, 95% CI 1.04-1.61); however, there
was no evidence of statistically significant heterogeneity by menopausal status. In contrast,
among Hispanics, high intake of processed meats was associated with increased BC risk (T3
vs. T1 OR = 1.42; 95% CI 1.18-1.71), with similar results for pre- and post-menopausal
women. The observed difference in ORs associated with processed meats intake between
NHW and Hispanic women was statistically significant (2df heterogeneity p value = 0.03;
data not shown). Among Hispanic women, we also observed an inverse association between
high poultry intake and BC risk (T3 vs. T1 OR = 0.80; 95% CI 0.67-0.95) (Table 3). The
inverse association was limited to pre-menopausal women, but there was no evidence of
statistically significant heterogeneity by menopausal status. Furthermore, there was no
evidence of effect modification of association between poultry and BC risk by race.
Similarly, we observed an inverse association between high white meat intake and BC risk
(T3 vs. T1 OR = 0.80; 95% CI 0.67-0.95), with no significant heterogeneity by menopausal
status (Table 3). Mutual adjustment for other meat/fish intake variables did not drastically
change estimates.

Given the wide variation in NA ancestry among Hispanic women, we investigated whether
the associations with meat/fish variables differed by tertiles of NA ancestry (Supplemental
Table 1). We observed that the positive association between diets high in processed meats
and BC risk was found only in Hispanic women with intermediate (T3 vs. T1 OR = 1.62;
95% 1.10-2.40) and high (T3 vs. T1 OR = 1.88; 95% 1.19-2.95) NA ancestry, but not
among women within the low category (T3 vs. T1 OR = 0.97; 95% 0.66-1.45), suggesting a
possible modifying effect of NA ancestry; however, tests for heterogeneity were not
statistically significant. Similarly, we observed that the inverse association with poultry
intake was restricted to women with intermediate NA ancestry, but again we found no
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evidence of significant heterogeneity. Furthermore, interaction tests were not significant
when modeling admixture continuously. In unstratified models that included admixture as a
covariate, associations between processed meat (T3 vs. T1 OR = 1.45; 95% CI 1.15-1.82;
data not shown) and poultry intake (T3 vs. T1 OR = 0.79; 95% CI 0.64-0.98; data not
shown) and BC risk remained statistically significant; whereas associations between tuna
intake and BC risk did not.

Meat/fish variables and BC risk according to ER status

When considering BC subtypes defined by ER status, among NHW women (Table 4) we
observed that the positive association with tuna intake was limited to ER+ BC cases (T3 vs.
T1 OR = 1.46; 95% CI 1.18-1.81). No significant associations were observed for women
with ER- BC (heterogeneity p = 0.003). Among Hispanic women (Table 5), associations
with processed meat intake were only statistically significant among ER+ BC (T3 vs. T1 OR
=1.45; 95% CI 1.16-1.81, heterogeneity p = 0.004) as were associations with poultry (T3
vs. T1 OR =0.77; 95% CI 0.63-0.94, heterogeneity p = 0.04) and white meat intake (T3 vs.
T1 OR =0.74; 95% CI 0.60-0.91, heterogeneity p = 0.02). Further stratification by
menopausal status was not performed due to small numbers.

Meta-analysis results

To address any possible residual heterogeneity across the two case-control studies that was
not accounted for by variable harmonization, adjustment for study, and use of study- and
race/ethnicity-specific exposure cut-points, we also combined study- and race/ethnicity-
specific ORs via random/fixed effects models, for NHW and Hispanic women separately.
Results varied by study to a greater extent among NHW, where all significant associations
seemed restricted to the SFBCS study. Upon pooling results via random effects models, tuna
intake was still positively associated with BC risk (T3 vs. T1 combined OR = 1.31; 95% ClI
0.90-1.91; p trend = 0.014) (Table 6).

Less heterogeneity across the two case-control studies was observed among Hispanics.
Processed meat intake was positively associated in both 4-CBCS and SFBS studies.
Likewise, white meat intake was consistently associated with decreased BC risk in both
studies, Consequently, in combined analyses both processed meats (T3 vs. T1 combined OR
=1.38; 95% CI 1.14-1.67) and white meats (T3 vs. T1 combined OR =0.78; 95% CI 0.65-
0.93) were positively and inversely associated with BC risk, respectively (Table 6). Tuna and
poultry intake were no longer statistically significantly associated with BC risk in meta-
analysis, although results for poultry are still suggestive of an inverse association (Table 6).

Meta-analyses stratified by ER status yielded similar findings as those obtained with pooled
analyses. Tuna associations among NHW women were limited to ER+ cases, whereas
processed meat and white meat associations with BC risk maintained statistical significance
only among Hispanic ER+ cases (Supplemental Table 2). Similarly to results from pooled
analyses, poultry and tuna were not associated with either ER+ nor ER- among Hispanic
women.
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Discussion

In this pooled case-control analysis, we found evidence that diets high in tuna intake may
increase the risk of BC risk among both NHW and Hispanic women, whereas positive
associations with diets high in processed meats and inverse associations with diets high in
poultry and white meat were found among Hispanic women only. The associations among
Hispanic women did not seem to be modified by NA ancestry. Our findings were similar
when combining estimates via random/fixed models: tuna intake was positively associated
with BC risk among NHW women only, whereas processed and white meat intake were
associated with increased and decreased risk of BC, respectively, among Hispanic women.
To our knowledge, this is one of the first investigations of meat/fish intake and BC risk in a
large population of US Hispanics.

Previous investigations of fish intake and BC risk have produced inconclusive results. A
meta-analysis that included 11 prospective studies concluded that fish intake was not
associated with BC risk [31]. Furthermore, a 2013 prospective study conducted among US
black women also failed to find an association [32], as did a more recent prospective study
conducted in Japan, where fish makes up a relatively higher proportion of daily dietary
consumption [33]. In contrast, a prospective study from Denmark reported that overall intake
of fish was associated with higher incidence rates of BC independently of fish fat content or
preparation methods [34]. Several case-control studies have investigated fish intake and BC
risk with inconclusive results, some reporting no evidence of association [20, 35-37],
evidence of inverse associations for fatty fish among both pre- and post-menopausal women
in Korea [38] and post-menopausal women in the US [39], or evidence of a positive
association [40].

In this study, although overall fish consumption was not associated with BC risk, we found a
positive association with tuna intake. None of the previously mentioned studies reported
findings for specific fish species, such as tuna. The health benefits of fish intake are often
attributed to the consumption of omega 3 polyunsaturated fatty acids (n-3 PUFA), which
may act in several pathways that inhibit tumor progression [41]. In the previously mentioned
meta-analysis, Zheng et al reported a protective effect for marine n-3 PUFA in a dose-
responsive manner [31]. Nevertheless, the benefits of PUFA intake may be outweighed by
exposures to chemical contaminants such as persistent organic pollutants and metals,
potentially found in fish, contingent on species, portion size, and frequency of consumption
[42]. Certain metals such as mercury and cadmium may activate estrogen receptors in the
absence of estradiol, and there is epidemiological support for an association between
exposure to these metals and an increased risk of BC [43]. In terms of PUFA content, tuna
ranks relatively low compared to other commonly consumed species [44], but may be
responsible for a greater share of exposures to chemical pollutants [42].. In the US, tuna is
frequently consumed in canned form, and different types of canned tuna contain varying
amounts of mercury contamination [45]. In our study, the 4-CBCS FFQ captured tuna intake
information in terms of various canned tuna and tuna salad, while the SFBCS FFQ asked
about overall tuna intake, such as fresh, canned, or as part of a dish. Thus, we could not
investigate associations with specific tuna products separately. Therefore, this issue deserves
further investigation. We cannot discard the possibility that the association between tuna
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intake and BC risk may be driven by chance, given the number of comparisons we made, or
by residual confounding by factors unmeasured in our study.

Several studies investigated processed meat intake and BC risk by grouping food items such
as hotdogs, bacon, sausages, and luncheon meats, with equivocal results. Among 10
prospective studies, 4 studies reported statistically significant positive associations with
processed meats [20, 46-48], 1 a non-statistically significant positive association [49], and 5
studies reported no associations [32, 50-53]. A pooled analysis of 8 additional cohort studies
reported no association with processed meats [18]. In addition, among 7 population-based
case-control studies that considered processed meats separately from unprocessed red meat,
5 reported a positive association with processed meats [36, 54-57], and 2 reported non-
statistically significant positive associations [39, 58]. Recently, a meta-analysis of all
available prospective studies reported a positive association with processed meats and breast
cancer risk [59]; however, we note that this study included overlapping studies, therefore the
conclusions may not be fully representative of the available data. Among 3 hospital-based
case-control studies, 2 reported non-statistically significant positive associations [60, 61],
and 1 reported no associations with processed meats [62]. In our study, we found that
processed meat intake was associated with elevated BC risk among Hispanic women only,
with no evidence of heterogeneity by menopausal status. We don’t have a clear explanation
for the racial/ethnic difference in our results. Although we attempted to adjust for most well-
known putative confounders, the presence of additional unmeasured or unknown
confounding factors is a possibility, particularly factors that may be unique to Hispanic
women. Another possibility is the presence of a threshold effect for processed meats. In our
study, Hispanic women consumed significantly higher mean levels of processed meats than
NHW women (14.2 g/day vs. 12.4 g/day among controls) during the reference year.
However, once processed meat intake is nutrient density adjusted (gm/1000 kcal/day), the
differences in consumption per 1000 kcal are not as large. Hispanic cases and controls in the
SFBCS study had lower levels of nutrient density adjusted processed meat consumption
compared to NHW women, while Hispanic cases and controls in the 4-CBCS had higher
levels compared to NHW women.

Given that breast development occurs during adolescence, early life exposures might be
more influential in determining future BC risk than exposures during midlife [63]; a study
done within the Nurses’ Health Study Il cohort reported a positive association between early
adulthood total red meat consumption and BC risk [64]. In a related study using the same
cohort, an association was reported between BC risk in pre-menopausal women and total red
meat consumption and total processed meats during high school [65]. Acculturation after
migration to the US may contribute to a net increase in intake of unhealthy food sources
among Mexican women [66]. Thus, it is plausible that Hispanic adolescent exposures to
higher levels of processed meats may explain our results. Another possibility is that the
differences in the observed associations for processed meats may be due to ethnic
differences in genetic susceptibility to exposure to meat-related carcinogens. Two studies,
among Danish and Chinese populations, found evidence of interaction between red and
smoked meat intake, respectively, and the carcinogen metabolism enzymes NAT1 and NAT2
[20, 21]. In our analyses, adjustment and stratification by NA ancestry categories did not
change results dramatically, suggesting that associations with processed meats, or other risk
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factors captured by this exposure, are similar across Hispanic women, regardless of possible
differences at the genetic level. Further research is necessary to clarify the nature of the
association between processed meats and BC risk among Hispanics.

It is also unclear why poultry and white meat were protective only among Hispanic women.
Although the poultry association did not retain statistical significance when combining
results via meta-analysis for all women combined, there was still evidence of a significant
association in stratified analyses by menopausal status. Evidence for poultry and white meat
intake is inconclusive, with many investigations of poultry yielding null results [20, 37, 61,
67], with a few finding positive associations with BC risk [40, 58]. Like processed meats,
there could be differences in the timing of exposure (e.g. earlier in adolescence versus late)
[65]. We cannot discard residual confounding, as high intake of white meats may indicate
overall healthier eating patterns [68]. White meat and processed meat intake were negatively
correlated, but the correlation coefficients were very small, and did not differ by race/
ethnicity.

To our knowledge, this is the first study to examine the association between meat/fish intake
and BC risk among Hispanic women in comparison with NHWSs. Our study has many
strengths, such as the inclusion a large number of Hispanic women in addition to NHWSs,
with a large proportion of women contributing data on meat intake and ER and PR status. In
addition, we were able to consider global genetic ancestry in an effort to control for the
known genetic heterogeneity among Hispanics. Limitations include the harmonized food
intake data from two different FFQs, which could introduce artificial variability in
consumption levels. We attempted to address this by creating tertiles based on study-specific
cutoff levels, and by adjusting meat/fish intake levels by energy intake. We also conducted
meta-analysis of study- and race/ethnicity-specific odds ratios in order to corroborate
findings using these harmonized categorical variables and account further for possible inter-
study heterogeneity. Another limitation of our study was the inability to harmonize cooking
methods information, which would have allowed estimation of mutagen consumption and
also closer investigation of the tuna intake associations. We also recognize that participation
rates were lower in 4-CBCS compared to SFBCS, adding the possibility of selection bias
and biased exposure reports. All our analyses adjusted for study center, so much of the
variability introduced by these factors may have been attenuated.

In summary, we report that diets high in tuna fish may increase risk of BC among NHW and
possibly also among Hispanic women. Moreover, we observed that diets high in processed
meats may increase risk of BC risk among Hispanic women, albeit not comparable evidence
was observed among NHWSs. Further research is needed to understand the possible reason
for the ethnic differences in associations with processed meat intake and the role of
processed meats in BC formation among Latinas.
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