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Abstract

Background: Epidemiological studies assessing the influence of vegetarian diets on breast
cancer (BC) risk have produced inconsistent results. Few studies have assessed how the

incremental decrease in animal foods and the quality of plant foods are linked with BC.

Objective: Disentangle the influence of plant-based diet quality on BC risk among

postmenopausal women.

Design: 65,574 participants from the Etude Epidémiologique aupres de femmes de la
Mutuelle Générale de I'Education Nationale (E3N) cohort were followed from 1993 to 2014.
Incident BC cases were confirmed through pathological reports and classified into subtypes.
Cumulative average scores for healthful (hPDI) and unhealthful (uPDI) plant-based diet
indices were developed using self-reported dietary intakes at baseline (1993) and follow-up
(2005) and divided into quintiles. Cox proportional hazards models were used to estimate

adjusted hazard ratios (HR) and 95% confidence intervals (CI).

Results: During a mean follow-up of 21 years, 3,968 incident postmenopausal BC cases were
identified. There was a non-linear association between adherence to hPDI and BC risk (Pnon-
tinear < 0.01). Compared to participants with low adherence to hPDI, those with high adherence
had a lower BC risk [HR3 vs. @1 (95% CI): 0.79 (0.71, 0.87) and HRq4 vs. @1 (95% CI): 0.78
(0.70, 0.86)]. In contrast, higher adherence to uPDI was associated with a linear increase in
BC risk [Pron-tinear = 0.18; HRQs vs. Q1 (95% CI): 1.20 (1.08, 1.33), Pyenda < 0.01]. Associations

were similar according to BC subtypes (Pheterogeneity > 0.05 for all).

Conclusions: Long-term adherence to healthful plant foods with some intake of unhealthy

plant and animal foods may reduce BC risk with an optimal risk reduction in the moderate



intake range. Adherence to an unhealthful plant-based diet may increase BC risk. These

results emphasize the importance of the quality of plant foods for cancer prevention.

Keywords: Breast cancer; Plant-based diet quality; Dietary score; Estrogen receptor;

Progesterone receptor; Prospective study



Introduction

Breast cancer (BC) is one of the leading global health challenges and, in 2020, accounting for
an estimated 2.3 million new cases and 685,000 deaths worldwide (1). It is one of the leading
causes of disability-adjusted life years (15.1 million from 1990 to 2015) (2). Cases are
predicted to rise in the coming years, particularly postmenopausal BC and estrogen-positive

(ER+) tumors (3, 4).

In addition to older age, several factors may contribute to BC risk. Armstrong et al. estimated
that the prevalence of genetic mutations accounting for hereditary BC ranged from 0.6% to
36.9% internationally (5), leaving a sizeable unexplained proportion potentially due to
modifiable risk factors, including environmental exposures and reproductive and lifestyle
factors (6-10). With the increase in life expectancy worldwide, there is a strong interest in
identifying modifiable factors involved in the occurrence of BC. As such, research has

focused on understanding lifestyle factors, particularly diet.

Plant-based diets have received extensive attention recently due to their benefits for individual
health and environmental sustainability (11). Vegetarian diets with a binary characterization
in terms of exclusion or not of animal-based foods have long been explored in relation to BC
risk, but the results are inconsistent (12). Based on the incremental decrease in animal foods
consumption and the notion that the nutritional quality is not consistent across all plant-based
foods, Satija et al. have recently proposed healthful and unhealthful plant-based dietary
patterns (13). These indices have gained attention for their potential to prevent or manage
chronic diseases (13-19). Despite retrospective and prospective studies on the link between

plant-based diet indices with BC, findings remain inconsistent (20-25).



Breast cancer is a heterogeneous disease with several subtypes with unique disease
progression and response to treatment (26, 27). Estrogen-positive and/or progesterone-
positive (PR+) BCs have a substantial advantage from oncologic endocrine therapy in
addition to chemotherapy, while the treatment of triple-negative BCs [estrogen-negative (ER-
), progesterone-negative (PR-), and human epidermal growth factor receptor 2-negative]
depends on chemotherapy alone (28, 29). Even though a potential heterogeneity has been
suggested in the associations between intakes of some nutrients (30), food groups (31), and
dietary patterns (32, 33) and the risk of specific BC types according to, e.g., ER, PR status,
and histology, to our knowledge, only one study investigated a potential heterogeneity in the

association between a plant-based diet and BC by ER status (20).

Therefore, we aimed to clarify further the relationship between plant-based diet quality and
BC risk overall and by subtypes of BC defined by ER and PR status and histology in
participants from the Etude Epidémiologique aupreés de femmes de la Mutuelle Générale de
I'Education Nationale (E3N) cohort study. Since associations between BC risk and
environmental factors have been found heterogeneous between pre- and postmenopausal BC,
the latter being the most frequent, we restricted our analyses to postmenopausal BC in this

cohort of middle-aged and elderly participants.

Material and Methods

E3N cohort

The E3N cohort was initiated in 1990 to prospectively investigate the risk factors of common
cancers. Participants were 98,995 French women aged 40 to 65 years at inclusion, selected

from the health insurance scheme covering workers in the National Education System and



their families (34). The study participants provided written informed consent, and the cohort
study received ethical approval from the French National Commission for Computerized Data
and Individual Freedom. Participants were enrolled in the cohort through a self-administered
questionnaire followed by questionnaires every 2 to 3 years for sociodemographic factors,

health conditions, reproductive factors, diet, and other lifestyle factors.

Study population

In the present study, follow-up began on the return date of the first dietary questionnaire for
participants who were already menopausal at that time or the date of menopause if it occurred
later. Participants contributed person-time until the date of diagnosis of any type of cancer
except basal cell carcinoma, the date of the last completed questionnaire, or the date on which
the last available follow-up questionnaire was mailed (November 17, 2014), whichever

occurred first (35).

Among 74,522 participants who returned the dietary questionnaire sent in 1993, we first
excluded those with undefined menopausal status (n = 14), those who had never menstruated
(n = 6), prevalent cancer cases (n = 4,709), those with incomplete or absent follow-up
information (n = 623); we further excluded participants with extreme energy intake values,
i.e., the 1°' and 99'" percentiles of the energy intake over energy requirement distribution in
the population (n = 1,364), those with missing BC receptor status data (n = 1,309), and those
who had not attained menopause at the end of follow-up (n=923). Hence, our final study

population included 65,574 postmenopausal participants (Supplementary Figure 1).

Dietary assessment and plant-based diet indices

Dietary data were collected at baseline (1993) and follow-up (2005) using a validated self-

administered 208-item food frequency questionnaire (FFQ) (36, 37). Participants were asked



about the frequency of consumption for eight eating moments from breakfast to after-dinner
snacks over the preceding year. According to the French meal patterns, portion sizes were
assessed via photographs and qualitative questions on specific food and drink items. Nutrient
and energy intakes were obtained using the Food Composition Database derived from the

French Information Center on Food Quality (38).

The following indices were created using a procedure previously described (13): healthful
PDI (hPDI), which consisted of healthy plant foods, such as fruit, vegetables, nuts, and
legumes, and the unhealthful PDI (uPDI), which consisted of primarily refined/processed
foods as listed in Supplementary Table 1. First, we created 18 food groups (summing up the
grams of consumed food items). Next, participants were categorized according to the quintile
distribution (or a non-consumer category plus quartiles among consumers) of their food intake
for each food group. For each participant, values of 1 to 5 or reverse were assigned to each
category based on the positive or negative association with the index; animal foods were
reverse scored. The sum of the values for each food parameter led to the final hPDI and uPDI

scores, which ranged from 18 to 90 (lowest to highest adherence).

These scores have been developed in the E3N cohort using only baseline dietary data (19);
however, in the present study, the scores from baseline (1993) and follow-up (2005) were
averaged to better capture the long-term adherence and changes in diet over the long follow-
up. Baseline scores were used if participants were censored before the follow-up dietary
questionnaire (2005). The baseline and cumulative average scores were used for the final
analysis for 12,689 and 52,885 participants, respectively. The observed median values were

56 (range 27-79) for hPDI and 52.5 (range 27-78) for uPDI.

Incident breast cancer ascertainment



All potential cases of BC were identified through baseline and follow-up questionnaires (3™
to 11™) which inquired about cancer occurrence, contact details of participants’ physicians,
and permission to contact them. A few BC cases were further identified from insurance files
and death certificates. Tumor characteristics of hormonal receptor status ER and PR and
histology (ductal, lobular, other) were extracted using original clinical and pathology reports.

The pathology reports were obtained for 95% of incident BC cases.

Covariates

The covariates were selected a priori based on literature evidence for their potential
association with the exposure and/or the outcome. Education, physical activity (MET-
h/week), and smoking status were self-reported at baseline. Breastfeeding and lifetime use of
oral contraception and menopausal hormone therapy (MHT) were assessed from the baseline
and follow-up questionnaires. Age at menarche, history of benign breast disease, parity, and
family history of BC were self-reported at baseline. Mammography performed in the previous
follow-up cycle was captured from each follow-up questionnaire. Body mass index (BMI)
was assigned according to the value reported at baseline; self-reported height and weight were
used to calculate BMI, defined as the weight (kg) divided by squared height (m?). In the
cohort, self-reported anthropometry is considered reliable from a validation study (39). Lastly,

alcohol consumption (grams/day) and energy intake were calculated from the E3N FFQ.

Statistical analysis

Baseline characteristics overall and according to hPDI and uPDI quintiles were described
using means and standard deviations (SD) for continuous variables and frequencies for
categorical variables. Hazard ratios (HR) and 95% confidence intervals (CI) of the BC risk

were estimated using multivariable-adjusted Cox proportional hazards regression with age as



the time scale (entry time defined as the age at the baseline questionnaire or age at
menopause, whichever was maximum). The proportional hazards assumption was tested

graphically using Schoenfeld Residuals, and no major violations were observed (40).

All diet indices were analyzed in three ways. We first tested for non-departure from a linear
association and provided a graphical representation using restricted cubic splines (41). The
splines analyses were fitted with the fully adjusted model, and five knots were placed at the
5t 27.5M 50t 72.5" and 95™ percentiles. Second, when a linear association was confirmed,
we assessed the HR of BC risk for a 1-SD increase in the diet index. Lastly, all diet indices
were categorized into quintiles, and the first quintile group was considered the reference

category to assess whether higher categories were associated with BC risk.

All models were stratified by 5-year birth cohorts, and three sets of multivariable Cox models
were built by adding covariates: Model 1 was age-adjusted. Model 2 additionally included
physical activity (continuous), educational level (undergraduate or less, graduate,
postgraduate or more), smoking status (current, former, non-smoker), family history of BC

(yes, no), age at menarche (continuous), age at first childbirth (nulliparous, <30 years, = 30

years), ever breastfeeding (yes, no), ever use of MHT (yes, no), ever use of the contraceptive
pill (yes, no), past history of benign breast disease (yes, no), and mammography in the last
follow-up cycle (yes, no). The final Model 3 also included potential diet and cancer
association mediators, BMI (continuous), energy intake (excluding alcohol, continuous), and
alcohol (continuous). The P-value for linear trend was estimated in the models using the
median score in each quintile. Subtypes of BC, characterized by hormone receptors and
histology, were studied in separate Cox models. We used the Q statistic to test the

homogeneity of the results between the receptor subtypes and histology (42).



In addition to the above-described primary analyses, we tested for effect modification of the
overall associations by BMI (< 20, 20-24.99, > 25 kg/mz), use of MHT (yes, no), and physical

activity (above or below median physical activity level, i.e., < 37.97, = 37.97 MET-h/week)

as suggested by previous studies (20, 43). Due to a small number of cases, the stratified

analyses were not performed for the subtypes.

Missing observations were < 5% for all variables except for ever breastfed and therefore were
imputed to the median (for continuous variables) or mode (for categorical variables). For ever
breastfed, a ‘missing’ category was created to maintain the same number of participants in the
analyses. All tests of statistical significance were two-sided, with statistical significance set at
P <0.05. Statistical analyses were performed using the SAS software (version 9.4 SAS

Institute, Cary, NC).

Sensitivity analyses

Several secondary analyses were conducted to assess the robustness of the findings. First,
missing values in the covariates were imputed with multiple imputation to overcome any
systematic differences between the participants with complete and missing information.
Second, the participants with BC diagnosed in the first five years of follow-up were excluded
to overcome the influence of any reverse causation bias due to changes in diet after diagnosis
of BC. Third, we analyzed the association of the overall PDI with the risk of BC. Fourth, we
used the baseline and the time-dependent approaches to analyze dietary measurements across
the follow-up. The cumulative average approach differs from the time-dependent approach in
that the incident BC diagnosed between 2005 and 2014 was related to the average dietary
intake reported on the 1993 and 2005 questionnaires instead of the dietary intake on the 2005
questionnaire only. Fifth, as we had too few cases of ductal carcinoma in situ (DCIS) (n=158)

to conduct separate analyses, we performed additional analyses based only on invasive ductal



carcinoma (IDC) cases. Lastly, we excluded participants with energy limits <500 or >3500

kcal/day as proposed by Willett instead of the 1% and 99" percentiles energy distribution.

Results

Baseline characteristics

Three thousand nine hundred and sixty-eight incident BC cases were diagnosed among
65,574 postmenopausal participants over approximately 21 years of follow-up. The average

age of participants at baseline was 52.9 years (SD 6.7).

Participants in the highest quintile of cumulative average hPDI had lower BMI. They were
more likely to have lower levels of energy and alcohol intakes, to report lower use of the
contraceptive pill, and to be former smokers compared to those in the lowest quintile. They
were also more likely to report higher levels of physical activity, a history of mammography,
a history of benign breast disease, and ever use of MHT compared to participants in the
lowest quintile (Table 1). The consumption in grams/day of the food groups according to
quintiles of cumulative average hPDI is presented in Supplementary Table 2. Participants in
the highest quintile of cumulative average uPDI reported lower levels of energy and alcohol
intakes and lower physical activity, were more likely to have lower BMI and lower proportion
of excess weight, and were less likely to be current smokers, to report ever use of the
contraceptive pill, to have a history of benign breast disease, and to have recent

mammography compared to participants in the lowest quintile (Supplementary Table 3).

Healthful and unhealthful plant-based diet indices and BC risk overall
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Table 2 and Figures 1-3 present the associations of cumulative average hPDI and uPDI with
postmenopausal BC risk. After considering known BC risk factors, spline analysis showed a
significant departure from linearity for the association between hPDI and BC risk (Puon-tinear <
0.01) (Figure 1). Participants with hPDI score intervals of approximately 52 to 62 had the
lowest BC risk. Similarly, when the hPDI was modeled as a categorical variable, those in
hPDI quintiles 3 and 4 had the lowest BC risk, 21% and 22%, respectively [fully-adjusted
model (Model 3), HRq3 (95% CI): 0.79 (0.71, 0.87) and HRq4 (95% CI): 0.78 (0.70, 0.86)]
compared to those in the first quintile. Participants in the highest quintile 5 had a 14% lower

risk of BC [HRgs vs. 1 (95% CI): 0.86 (0.77, 0.95)].

In contrast, for cumulative average uPDI, the spline analysis was consistent with a linear
relation (Puon-tinear = 0.18) (Figure 2). Modeled as a continuous variable, uPDI resulted in a
4% higher risk of BC [Model 3, HR1-sp increase (95% CI): 1.04 (1.01, 1.08)]. When quintile
groups of uPDI were considered, a 20% higher risk for the highest vs. lowest quintile was
observed [Model 3, HRqs vs. 1 (95% CI): 1.20 (1.08, 1.33), Pyend < 0.01)]. Since the HRs
changed substantially from Model 2 to 3, we adjusted on energy intake, alcohol, and BMI
individually to assess which variables could be driving the associations. We observed the
following changes: adjusting for BMI, HR@s vs. Q1 (95% CI): 1.14 (1.03, 1.26), for energy
intake, HRqs vs. 1 (95% CI): 1.17 (1.05, 0.30), and for alcohol, HRqs vs. 1 (95% CI): 1.13
(1.03, 1.25). The greatest variation in HR occurred when adjusting for energy intake,
suggesting that this variable could be an important confounder or mediator of the association

between uPDI and BC risk.

Healthful and unhealthful plant-based diet indices according to hormone receptor and

histologic subtypes
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When investigating the association of cumulative average hPDI according to BC subtypes, we
did not observe heterogeneity by either receptor status or histology (Pheterogeneity > 0.05 for all)
(Supplementary Tables 4-7). For example, in the fully-adjusted model, when we compared
the risks associated with quintile 5 of hPDI for PR+ and PR-, we observed 13% and 16%
lower risks, respectively [HRqs vs. o1 (95% CI): 0.87 (0.76, 0.99) and 0.84 (0.70, 1.00);
Pheterogencity = 0.76] (Figure 3). For ER+ BC, participants in the highest quintile of hPDI had a
15% lower BC risk [HRgs vs. @1 (95% CI): 0.85 (0.76, 0.95)] compared with participants in the
lowest quintile. For ER- BC, there was a lower risk for the first two quintiles and a null
association for quintile 5 [HRqs vs. 1 (95% CI): 0.88 (0.69, 1.12)] (Supplementary Table 4).
The HRsqs vs. @1 (95% CI) for ER+PR+ and ER-PR- BC were 0.86 (0.75, 0.99) and 0.87 (0.67,
1.14), respectively (Supplementary Table 6). Lastly, for ductal and lobular BC, the HRsgs vs.
Q1 (95% CI) were 0.84 (0.74, 0.95) and 0.79 (0.62, 1.02), respectively (Supplementary Table

7).

In subgroup analyses for cumulative average uPDI, in the fully-adjusted model, participants in
the highest intake quintile had a 20% higher risk of ER+ BC, HRqs vs. 1 (95% CI): 1.20 (1.07,
1.35, Puend < 0.01), albeit we did not observe heterogeneity by either receptor status or
histology (Pheterogeneity > 0.05 for all) (Figure 3). Corresponding HRs vs. @1 (95% CI) for ER-
BC was 1.20 (0.94, 1.53), Piend = 0.45) (Supplementary Table 4). There was an 18% and
24% higher risk of PR+ and PR- BC, HRgs vs. @1 (95% CI): 1.18 (1.03, 1.34), Pend = 0.02 and
1.24 (1.05, 1.47), Pyena = 0.02, respectively (Supplementary Table 5). Corresponding HRsqs
vs. Q1 (95% CI) for ER+PR+ and ER-PR- BC were 1.17 (1.02, 1.34), Pyena=0.02 and 1.19
(0.91, 1.55), Puenda = 0.57, respectively (Supplementary Table 6). Lastly, there were positive
associations for both ductal and lobular BCs, HRqs vs. @1 (95% CI): 1.17 (1.03, 1.32), Pyena =

0.02, and 1.55 (1.20, 1.99), Puena < 0.01, respectively (Supplementary Table 7).
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Stratified analyses

There were no interactions between cumulative average hPDI and uPDI and BMI, MHT use,
or physical activity with respect to BC risk (Pinteraction > 0.05 for all) (Supplementary Tables

8-10 and Supplementary Figure 2).

Sensitivity analyses

In sensitivity analyses using multiple imputations to handle missing covariates, a similar
pattern of results was obtained compared to those of the primary analysis (results not
tabulated). In addition, results were unchanged when excluding participants diagnosed in the
first five years of follow-up, suggesting that reverse causation was unlikely to explain the
findings (results not tabulated).

We found evidence for a non-linear association between the cumulative average overall PDI
and BC risk (Puon-tinear = 0.03). Considering quintiles of PDI in the fully-adjusted model, there
was a lower risk of BC from quintiles 2 to 4 [HRq2 (95% CI): 0.83 (0.75, 0.92) to HRq4 (95%

CI): 0.84 (0.76, 0.93)] which attenuated in quintile 5 [HR (95% CI): 0.94 (0.85, 1.04)].

Furthermore, when using scores derived by FFQ at baseline, in Model 3, there was a linear
association between PDI (Phon-tinear = 0.51), hPDI (Ppon-tinear = 0.86), and uPDI (Ppon-tinear = 0.11)
and BC risk. Considering a 1-SD increase in hPDI in Model 3, there was a 3% lower risk of
BC [HR (95% CI): 0.97 (0.93, 1.00)]. Considering quintiles of baseline hPDI, there was an
11% lower risk of BC [HR (95% CI): 0.89 (0.81, 0.99), Pyend < 0.01] in Model 1, while full
adjustment attenuated the association, HR (95% CI): 0.92 (0.83, 1.02), Puenda = 0.06.
Conversely, for baseline uPDI, there was a 4% increase in risk for a 1-SD increase [HR (95%
CI: 1.04 (1.01, 1.08)]. As quintiles of uPDI, in Model 3, there was a 13% higher risk [HR
(95% CI): 1.13 (1.02, 1.26), Puenda = 0.02]. We found no association between baseline overall

PDI and BC risk (results not tabulated).
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When considering the time-dependent indexes in the fully adjusted model, for each 1-SD
increase, the HRs (95% CI) for overall BC risk were as follows: PDI, 0.977 (0.969, 0.985);
hPDI, 0.991 (0.983, 0.999); and uPDI, 0.997 (0.988, 1.005). For the quintiles group analysis,
the HR (95% CI) for overall BC risk were as follows: PDI, HRqs vs. @1 (95% CI): 0.94 (0.91,
0.96); hPDI, HRgs vs. Q1 (95% CI): 0.97 (0.94, 1.00); and uPDI, HRgs vs. Q1 (95% CI): 0.99

(0.96, 1.01) (results not tabulated).

The HRs CI for IDC was not materially different from our primary analysis; for cumulative
average hPDI and uPDI, in the fully-adjusted model, the HRqs vs. o1 (95% CI) were 0.84 (0.74,
0.95) and 0.18 (1.04, 1.34), Pyena < 0.01, respectively (results not tabulated).

Lastly, when we used energy limits proposed by Willett, the results did not change materially,
and the direction of the association remained. For cumulative average hPDI and uPDI in the
fully-adjusted model, the HRsgs vs. @1 (95% CI) were 0.85 (0.77, 0.94) and 1.16 (1.05, 1.28),

Puend = 0.02, respectively.

Discussion

In the French E3N prospective cohort study, a non-linear association was observed between
adherence to hPDI and BC risk, with the lowest risk for moderate adherence. In contrast,
higher adherence to uPDI was positively associated with BC risk. In addition, we found no
heterogeneity between adherence to these plant-based diet indices and BC risk across tumor
subtypes. These results suggest that hPDI could have a preventive influence and uPDI a
promotive influence on all types of BC, thus acting independently of hormonal mechanisms
and reflecting the importance of plant-based diet quality in BC prevention in postmenopausal

women.



14

Our findings of a differential pattern of association between a plant-based diet and
postmenopausal BC risk by the quality of plant foods were observed in previous studies. In a
cohort study of more than 150,000 participants from the Nurses’ Health Studies (NHS), an
inverse association was observed with hPDI. However, they did not evidence any increased
risk of overall BC with uPDI (20). Moreover, in a case-control study on 350 cases and 700
controls from Iran, there were lower odds of BC in postmenopausal participants with the
greatest adherence to hPDI, whereas the greatest adherence to uPDI was associated with
higher odds (21), although in another case-control study on 412 cases and 456 controls, hPDI
was associated with lower odds, but no association was observed with uPDI (23).
Furthermore, in a Mediterranean cohort study of 10,812 participants, neither the healthful nor

the unhealthful provegetarian patterns were associated with postmenopausal BC risk (25).

Although a non-linear association between high-quality plant foods such as fruit and
vegetables and BC risk has not been reported so far, a non-linear association between dietary
folate intake and BC risk in the EPIC cohort was suggested (44). However, such an
association has already been reported for colorectal cancer. For example, a meta-analysis of
19 prospective studies conducted by Aune et al. reported a non-linear association between
fruit and vegetable intake and colorectal cancer risk, with the greatest risk reduction in the
lower intake range (45). Furthermore, a meta-analysis by Schwingshackl reported non-linear

associations between vegetables, fruit, and nuts with all-cause mortality (46).

We found no heterogeneity across BC subtypes in our study. The risk of BC by receptor and
histological subtypes has not been extensively studied. As regards the association between
dietary patterns and ductal and lobular carcinoma, studies support the findings of an inverse
risk between the Mediterranean diet and risk of IDC and invasive lobular carcinoma (ILC) BC

and a positive association between the Western diet and IDC and ILC BC (47); however,
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literature is scarce for associations between BC histological types and plant-based diets. The
NHS study reported heterogeneity by ER receptor status, with the strongest association

between hPDI and ER- tumors (20).

The discrepancies in findings of these studies could partly be attributed to varying sample
sizes, differences in the development of scores using 18- (20, 25) or 16- food group constructs
(21), dietary measurement errors, the duration of follow-up (which varies between 115,802
and over 4,841,083 person-years of follow-up for prospective studies), as well as the non-
reporting in some studies of the potential deviation from the linearity of association.

Several potential biological mechanisms support a protective role of hPDI towards BC risk.
The healthful plant-predominant dietary pattern is characterized by high fiber, fruit,
vegetables, nuts, legumes, and low red and processed meat. Hence, abundant antioxidants,
vitamins, and fiber could have anti-inflammatory and antiproliferative activities (48-50).
Furthermore, there is experimental evidence that polyphenols in fruit and vegetables inhibit
the proliferation of DCIS BC (51). High fiber also reduces the total body pool of estrogen,
thus helping reduce BC risk (52). Similarly, phytoestrogens which are plant-derived estrogen-
like compounds, have anticarcinogenic effects of their own and via lowering the amount of
circulating estrogen; meta-analyses have reported that dietary lignans, a class of
phytoestrogen found in vegetables, fruit, whole grains, green tea, and oilseeds, were
associated with lower BC risk in postmenopausal participants (53, 54). In France, a high
dietary intake of plant lignans and enterolignans was associated with lower ER+ and PR+
postmenopausal BC risk (55). On the other hand, less healthful plant-based foods are poor in
fiber and micronutrients and laden with carbohydrates with tumor-promoting potential via
effects on circulating insulin and insulin-like growth factor-1 (56, 57). Trans-fatty acids in
industrially processed salty foods, sweets, and other packaged foods influence systemic

inflammation, visceral adiposity, body weight, and insulin resistance, increasing BC risk (58-
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60). Furthermore, polyunsaturated fatty acid metabolites reduce the binding of estrogen to
serum-binding proteins increasing circulating levels and activating breast cell growth (61).
More evidence on the effects of bioactive metabolites of various compounds could shed light

on these findings.

This study has some important strengths. First, the prospective nature of the study design
precluded recall and selection biases with high retention over a long follow-up period.
Second, the large sample size provided statistical power to detect associations. Third, the
large number of incident cases allowed us to analyze by receptor and histological subtypes.
Fourth, validated FFQs were used to collect dietary intake data before BC diagnosis. We used
the cumulative average diet scores, thus accounting for possible changes in dietary habits
during the follow-up period and better reflecting long-term dietary adherence. Fifth,
excluding participants with BC diagnosed in the first five years of follow-up, did not change
our results, suggesting that reverse causation was unlikely to explain our findings. Lastly,
when we applied the Willett energy exclusion criteria, although it reduced the study
population and the study power, the results were somewhat stronger and in favor of a true

association.

However, this study was met with some limitations. First, although we adjusted for most
known confounding factors of BC, there could still be some bias from unmeasured
confounders due to the study’s observational nature. Second, self-reported dietary intake was
used as exposure information. Although the FFQ has been validated, some degree of non-
differential exposure misclassification is likely, which is usually considered to bias the results
towards the null in a prospective setting such as ours, although a recent paper suggests that
there are possibilities of opposite bias (62). Lastly, our highly educated participants might be

more health-conscious. They may not be a representative sample of the general French
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population, limiting our results’ external validity. However, considering the dietary variations
in the general population, there is a higher possibility of finding stronger associations between

these indices and the risk of BC.

Conclusions

In conclusion, the results showed a non-linear risk reduction between hPDI and BC, with the
lowest BC risk for moderate adherence and a linear risk increase between uPDI and BC
among postmenopausal women. These findings have implications for all subtypes of BC and
support the notion of the importance of the quality of plant-based foods when consuming
plant-predominant diets with a balance of animal foods. Additional research is needed to
confirm these findings and better understand the underlying mechanisms involved in these
associations. Lastly, more studies are required to determine the associations in relation to
premenopausal BC, as there are different mechanisms for hormone-related breast cancer in
pre-and postmenopausal women. Because premenopausal BCs are less frequent than

postmenopausal BCs, a collaborative study of several cohorts would be an ideal setting.
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Table 1. Baseline characteristics of the study population overall and according to quintile of

the healthful plant-based diet index, E3N cohort (N=65,574).!

Quintile of the healthful plant-based diet index

Overall Q1 Q2 Q3 Q4 Q5
(N=65,574) | (N=12,822) | (N=12,832) | (N=14,577) | (N=13,008) | (N= 12,335)
Age, years 52.85 51.90 52.57 52.97 53.36 53.46
(6.65) (6.57) (6.64) (6.64) (6.68) (6.57)
Educational
level, n (%)
Undergraduate 7,358 1,528 1,504 1,648 1,376 1,302
or less (11.22) (11.91) (11.72) (11.31) (10.58) (10.56)
Graduate 34,927 6,926 6,829 7,768 7,006 6,398
(53.26) (54.02) (53.22) (53.28) (53.86) (51.86)
Postgraduate 23,289 4,368 4,499 5,161 4,626 4,635
(35.52) (34.07) (35.06) (35.41) (35.56) (37.58)
Alcohol intake, 11.58 13.17 12.48 11.57 10.81 9.80
grams/day (13.90) (14.89) (14.42) (14.00) (13.15) (12.59)
Smoking status,
n (%)
Current 8,826 1,769 1,755 1,923 1,733 1,646
(13.46) (13.80) (13.68) (13.19) (13.32) (13.35)
Former 21,348 3,846 4,019 4,786 4,377 4,320
(32.56) (30.00) (31.32) (32.83) (33.65) (35.02)
Non-smoker 35,400 7,207 7,058 7,868 6,898 6,369
(53.98) (56.20) (55.00) (53.98) (53.03) (51.63)
BMI, kg/m? 22.92 23.15 23.00 22.92 22.89 22.63
(3.22) (3.48) (3.31) (3.14) (3.13) (3.00)
BMI categories,
kg/m?, n (%)
<20 8,826 1,769 1,755 1,923 1,733 1,646
(13.46) (13.80) (13.68) (13.19) (13.32) (13.35)
20-24.99 21,348 3,846 4,019 4,786 4,377 4,320
(32.56) (30.00) (31.32) (32.83) (33.65) (35.02)
>25 35,400 7,207 7,058 7,868 6,898 6,369
(53.98) (56.20) (55.00) (53.98) (53.03) (51.63)
Physical 49.24 47.66 48.55 48.90 49.65 51.57
activity, MET- (49.52) (45.21) (48.88) (50.07) (49.00) (54.08)
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h/week

Energy intake 2129.36 2441.27 2226.76 2097.45 2001.04 1876.83

(excluding (543.81) (543.17) (530.40) (510.86) (493.34) (463.09)

alcohol)

kcal/day

Age at 12.78 12.83 12.80 12.79 12.76 12.73

menarche, years (1.42) (1.42) (1.41) (1.42) (1.39) (1.42)

Age at 50.62 50.62 50.65 50.65 50.57 50.58

menopause, (3.82) (3.82) (3.81) (3.81) (3.82) (3.84)

years

Age at first

birth, n (%)

< 30 years 51,384 10,237 10,182 11,345 10,099 9,521
(78.36) (79.84) (79.35) (77.82) (77.64) (77.19)

> 30 years 6,625 1,365 1,262 1,527 1,297 1,174
(10.10) (10.65) (9.83) (10.48) (9.97) (9.51)

Nulliparous 7,565 1,220 1,388 1,705 1,612 1,640
(11.54) 9.51) (10.82) (11.70) (12.39) (13.30)

Breastfeeding, n

(%)

Ever 37,772 7,482 7,386 8,350 7,390 7,164
(57.60) (58.35) (57.56) (57.28) (56.81) (58.08)

Never 24,380 4,682 4,785 5,475 4,916 4,522
(37.18) (36.52) (37.29) (37.56) (37.79) (36.66)

Unknown 3,422 658 (5.13) | 661 (5.15) | 752 (5.16) | 702 (5.40) | 649 (5.26)
(5.22)

Ever use of 19,761 3,404 3,812 4,417 4,203 3,925

menopausal (30.14) (26.55) (29.71) (30.30) (32.31) (31.82)

hormone

therapy, n (%)

Ever use of the 39,816 8,263 7,927 8,818 7,674 7,134

contraceptive (60.72) (64.44) (61.78) (60.49) (58.99) (57.84)

pill, n (%)

Past history of 19,048 3,651 3,721 4,183 3,809 3,684

benign breast (29.05) (28.47) (29.00) (28.70) (29.28) (29.87)

disease, n (%)

Family history 4,841 931 (7.26) | 929 (7.24) 1,135 952 (7.32) | 894 (7.25)

of breast cancer, (7.38) (7.79)

n (%)

Mammography 44,751 8,512 8,766 9,910 9,041 8,522

in the last (68.25) (66.39) (68.31) (67.98) (69.50) (69.09)

follow-up cycle,
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n (%)

Healthful plant- 55.94 47.35 52.59 56.01 59.40 64.64
based diet index (6.07) (2.82) (1.02) (0.97) (1.01) (2.78)
(continuous)

!Continuous variables were described using means and standard deviations, and categorical
variables were described as numbers and percentages.
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Table 2. Association of the healthful and unhealthful plant-based diet indices with overall

breast cancer risk, E3N cohort (N=65,574).

Number
non-cases

Number
cases

Healthful plant-based diet index

P-non-linear
Ql

Q2

Q3

Q4

Q5

P-trend

Unhealthful plant-based diet index

P-non-linear
1-SD increase
Ql

Q2

Q3

Q4

Q5

P-trend

11960
12002
13760
12290
11594

11547
12955
11575
13414
12115

N=61606 N=3968

862
830
817
718
741

N=61606 N=3968

753
813
711
837
854

Model 1

HR (95% CI)

Reference
0.93 (0.85, 1.03)
0.78 (0.71, 0.86)
0.77 (0.70, 0.85)
0.84 (0.76, 0.93)

<0.01

1.01 (0.98, 1.04)
Reference
0.96 (0.87, 1.06)
0.94 (0.85, 1.04)
0.96 (0.87, 1.05)
1.10 (1.00, 1.22)
0.12

Model 2

HR (95% CI)

Reference
0.93 (0.84, 1.02)
0.77 (0.70, 0.85)
0.76 (0.69, 0.84)
0.83 (0.75,0.91)

<0.01

1.02 (0.98, 1.05)
Reference
0.96 (0.87, 1.06)
0.95 (0.85, 1.05)
0.96 (0.87, 1.06)
1.11 (1.01, 1.23)
0.06

M1: Adjusted for age (as the time scale), stratified by birth cohort

M2: M1+ educational level, physical activity, smoking status, family history of breast cancer,
breastfeeding, age at menarche, age at first full-term birth, past history of benign breast
disease, ever use of the contraceptive pill, ever use of menopausal hormone therapy, and
mammography in the last follow-up cycle

M3: M2 + body mass index, energy intake, and alcohol

Model 3

HR (95% CI)

<0.01
Reference
0.93 (0.85, 1.03)
0.79 (0.71, 0.87)
0.78 (0.70, 0.86)
0.86 (0.77, 0.95)
<0.01

0.18
1.04 (1.01, 1.08)
Reference
0.98 (0.89, 1.09)
0.99 (0.89, 1.10)
1.02 (0.92, 1.13)
1.20 (1.08, 1.33)
<0.01
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Figure 1. Associations of the healthful plant-based diet index with BC fitted with restricted
cubic splines (N=65,574; 5 knots placed at the Sth, 27.5th, 50th, 72.5th, and 95t percentiles),
Pron-inear < 0.01. Risk estimates were adjusted for age (as the time scale), educational level,
physical activity, smoking status, family history of BC, breastfeeding, age at menarche, age at
first full-term birth, past history of benign breast disease, ever use of the contraceptive pill,
ever use of menopausal hormone therapy, mammography in the last follow-up cycle, body
mass index, energy intake, and alcohol (model stratified by birth cohort). The solid line

represents the hazard ratio, and the dashed lines the lower and upper 95% confidence interval.

Figure 2. Associations of the unhealthful plant-based diet index with BC fitted with restricted
cubic splines (N=65,574; 5 knots placed at the Sth, 27.5th, 50th, 72.5th, and 95t percentiles),
Pron-inear = 0.18. Risk estimates were adjusted for age (as the time scale), educational level,
physical activity, smoking status, family history of BC, breastfeeding, age at menarche, age at
first full-term birth, past history of benign breast disease, ever use of the contraceptive pill,
ever use of menopausal hormone therapy, mammography in the last follow-up cycle, body
mass index, energy intake, and alcohol (model stratified by birth cohort). The solid line

represents the hazard ratio, and the dashed lines the lower and upper 95% confidence interval.

Figure 3. The healthful and unhealthful plant-based diet indices and breast cancer risk, overall
and subtypes, E3N cohort (N=65,574). Hazard ratios (Model 3)! for the highest (Q5) vs. the
lowest (Q1) quintiles was presented in the figure. HR, hazard ratio, CI, confidence interval,
ER, estrogen receptor, PR, progesterone receptor.

'HR adjusted for age (as the time scale), educational level, physical activity, smoking status,
family history of breast cancer, breastfeeding, age at menarche, age at first full-term birth,

past history of benign breast disease, ever use of the contraceptive pill, ever use of



menopausal hormone therapy, mammography in last follow-up cycle, body mass index,

energy intake, and alcohol (model stratified by birth cohort).
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Breast cancer Cases Hazard Ratio (85% CI) P-heterogeneity

Healthful plant-based diet index

Overall 3968 - 0.86 (0.77, 0.95)
Subtype i
ER+ 3278 - 0.85 (0.76, 0.95) 0.80
ER- 690 N 0.88 (0.69, 1.12)
PR+ 2510 - 0.87 (0.76, 0.99) 0.76
PR- 1458 —— 0.84 (0.70, 1.00)
ER+PR+ 2419 i 0.86 (0.75, 0.99) 0.95
ER-PR- 599 — 0.87 (0.67, 1.14)
Histologic type |
Ductal 2893 2 0.84 (0.74, 0.95) 0.42
Lobular 699 —— 0.79 (0.62, 1.02)
Others 419 = 1.03 (0.75, 1.42)
Unhealthful plant-based diet index i
Overall 3968 - 1.20 (1.08, 1.33)
Subtype !
ER+ 3278 | 1.20 (1.07, 1.35) 0.98
ER- 690 — - 1.20 (0.94, 1.53)
PR+ 2510 | — - 1.18 (1.03, 1.34) 0.62
PR- 1458 | — 1.24 (1.05, 1.47)
ER+PR+ 2419 —— 1.17 (1.02, 1.34) 0.93
ER-PR- 599 —i 1.19 (0.91, 1.55)
Histologic type i
Ductal 2893 | — 1.17 (1.03, 1.32) 0.90
Lobular 699 ! = 1.55 (1.20, 1.99)
Others 419 I 1.05(0.77, 1.44)
|
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