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BACKGROUND: The Palaeolithic diet (PD) has gained popularity globally. There is emerging evidence of its putative health benefits
as short-term effects on chronic diseases have been reported. We evaluated the association between long-term adherence to the
PD and breast cancer (BC) risk among postmenopausal women.
METHODS: 65,574 women from the Etude Epidémiologique auprès de femmes de la Mutuelle Générale de l’Education Nationale (E3N)
cohort were followed from 1993 to 2014. Incident BC cases were identified and validated. The PD score was calculated using dietary
intake self-reported at baseline (1993) and follow-up (2005) or baseline only if censored before follow-up. Multivariable Cox
proportional hazards regression models were used to estimate BC hazard ratios (HR) and 95% confidence intervals (CI).
RESULTS: Over a mean follow-up of 20 years, 3968 incident BC cases occurred. An increase of 1 standard deviation in the PD score
was associated with an 8% lower BC risk, fully-adjusted model: HR1-SD 0.92, 95% CI; 0.89, 0.95. Compared to women with low
adherence to the PD, women with high adherence had a 17% lower BC risk, HRQ5 vs Q1 0.83, 95% CI; 0.75, 0.92, Ptrend < 0.01. When
considering BC subtypes, we observed the same pattern of association (Pheterogeneity > 0.10 for all).
CONCLUSIONS: High adherence to a PD characterised by fruit, vegetables, nuts, fish, and lean meat and limited in dairy, grains,
legumes, refined sugar, and alcohol was associated with a lower BC risk. The lack of heterogeneity according to BC subtypes could
indicate the involvement of non-hormonal mechanisms. The protocol is registered at clinicaltrials.gov as NCT03285230.
REGISTRY: The protocol is registered at clinicaltrials.gov as NCT03285230.
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INTRODUCTION
Breast cancer (BC) is the most frequently diagnosed cancer and
one of the leading causes of cancer death in women [1, 2].
According to the Global Cancer Observatory, BC accounted for
11.6% of all female cancers [3], yielding a considerable burden on
healthcare and loss of Disability Adjusted Life Years [4, 5]. Much of
the burden of cancer is traced to modifiable risk factors [6]; hence,
identifying factors associated with BC is valuable for devising
strategies for primary prevention.
One of the main modifiable lifestyle factors in relation to BC risk

is diet. The Palaeolithic diet (PD), based on the notion of food
components consumed during the Palaeolithic period, such as
lean meat, fish, fruit, vegetables, and nuts, excluding grains, dairy,
and processed foods, has gained rapid popularity in the last few
years. Beneficial influences of the PD have been reported in
relation to cardiovascular risk factors [7], inflammatory disease
[8, 9], and colorectal tumours [10].

Studies have shown that individual dietary components such as fat
[11], fruit and vegetables [12], folate [13], and dietary patterns such as
Western diet [14, 15], prudent diet [14], traditional diet patterns [16],
and modified Nordic Dietary Index [17] may have differential
associations with BC risk overall and/or according to subtypes.
However, studies on long-term adherence to the PD and BC risk are
scarce; the only prospective study reported no association [18].
Therefore, we investigated the associations between the PD and

incident BC among postmenopausal women, considering potential
associations by oestrogen (ER) and progesterone (PR) receptor status,
and cancer histology, within the Etude Epidémiologique auprès de
Femmes de la Mutuelle Générale de l’Education Nationale (E3N) cohort.

MATERIALS AND METHODS
The E3N cohort, initiated in 1990, involves 98,995 French women aged 40
to 65 years at inclusion and selected from the health insurance scheme,
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which covers workers in the National Education System and their families
[19]. 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 enroled in the cohort through a self-administered questionnaire
followed by questionnaires every 2 to 3 years.
In the present study, follow-up began on the return date of the first food

frequency questionnaire (FFQ) for women who were already menopausal at
that time or the date of menopause if it occurred later. Premenopausal
women free of BC contributed to the Cox model person-time at the time they
attained menopause. Women 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 [20].
Among 74,522 women who returned the FFQ sent in 1993, we first

excluded women with undefined menopausal status (n= 14), those who
had never menstruated (n= 6), prevalent cancer cases (n= 4709), women
with incomplete or absent follow-up information (n= 623); we further
excluded women with extreme energy intake values (i.e., the 1st and 99th
percentiles of the energy intake over energy requirement distribution in
the population) (n= 1364), those with missing BC receptor status
(n= 1309), and those who had not attained menopause at the end of
follow-up (n= 923). Hence, our final study population included 65,574
women (Supplementary Fig. 1).

Dietary assessment
Dietary data were collected at the third (1993), and eighth (2005) validated
self-administered FFQs [21, 22]. Participants were asked about the
frequency of consumption for eight eating moments from breakfast to
after-dinner snacks over the preceding year. Portion sizes were assessed
via photographs and qualitative questions on specific food and drink items
according to French meal patterns. Nutrient and energy intakes were
obtained using the Food Composition Database derived from the French
Information Centre on Food Quality [23].

The Palaeolithic diet score
The PD score reflected the adherence to foods that emulated the
evolutionary dietary pattern of the Palaeolithic era [10]. Briefly, food items
were classified as characteristic of the PD (vegetables, fruit, fruit and
vegetable diversity score, lean meat, fish, nuts, and calcium) or less
characteristic of the PD (red [fatty] and processed meat, dairy foods, sugar-
sweetened beverages, baked goods, grains and starches, sodium, and
alcohol) (Supplementary Table 1). The fruit and vegetable diversity score, a
proxy indicator of nutrient adequacy [24], corresponded to the partici-
pant’s consumption of the number of components of the fruit and
vegetable group. Calcium intake independent of dairy foods was estimated
by the residual method. The final PD score ranged from 14 to 70 (lowest to
highest adherence). Recently, this score has been developed in the E3N
cohort using baseline dietary data [25]; however, in the present study, the
average of dietary pattern scores at baseline and follow-up were used for
participants with repeated measures of diet. Baseline scores were used if
participants were censored before the follow-up FFQ. For the analysis, the
baseline and cumulative average scores were used for 12,689 and 52,885
participants, respectively.

Incident breast cancer ascertainment
All potential cases of BC self-reported through baseline and follow-up
questionnaires (3rd to 11th) were systematically investigated. A few cases
were further identified from the insurance database files and death
certificates. Tumour characteristics were confirmed using original clinical
and pathology reports. We included the cases for which pathology reports
were unobtainable in our analysis as the proportion of false-positive self-
reports was very low (<5%).

Covariates
Education, physical activity, and smoking status were self-reported at
baseline. The use of oral contraception and menopausal hormone therapy
(MHT) was assessed from baseline and follow-up questionnaires. Parity and
family history of BC were self-reported. Body mass index (BMI) was
assigned according to the value reported at baseline; self-reported height
and weight were used to calculate BMI (kg/m2). In the cohort, self-reported
anthropometry is considered reliable from a validation study [26]. Alcohol
consumption and energy intake were calculated from the E3N FFQs.

Statistical analysis
Baseline characteristics overall and by PD 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 Cox proportional hazards regression models with age as
the time scale (entry time: age at menopause). The following variables
selected a priori were considered as potential confounders: education
(≤ undergraduate, graduate, ≥ postgraduate), smoking (current, former,
non-smoker), family history of BC (yes, no), physical activity (continuous),
age at menarche (continuous), age at first full-term pregnancy (nulliparous,
<30 years, ≥ 30 years), breastfeeding (yes, no, unknown), past history of
benign breast disease (yes, no), ever use of oral contraception (yes, no),
ever use of MHT (yes, no), mammography in the previous follow-up cycle
(yes, no), total energy intake (excluding alcohol, continuous kcal/day), and
BMI (continuous). Birth cohorts were composed of 5-year categories
(<1930, 1930–1934, 1935–1939, 1940–1944, ≥1945).
The dependence of BC onset on the PD score was modelled in three

ways. First, we reported HR for a 1-SD increase in the score. Second,
restricted cubic splines were fitted to the fully adjusted model (five knots
at the 5th, 27.5th, 50th, 72.5th, and 95th percentiles of the PD score) to test
for non-departure from the linear association [27]. Lastly, the PD score was
categorised into quintiles; the first quintile served as the reference group.
All models were stratified by 5-year birth cohorts.
Four Cox models were built: Model 1 was adjusted for age. Model 2

additionally included physical activity, education, smoking status, and
family history of BC. Model 3 additionally included age at menarche, age at
first childbirth, breastfeeding, ever use of MHT, ever use of contraceptive
pills, past history of benign breast disease, and mammography in the last
follow-up cycle, and Model 4 additionally included potential mediators BMI
and energy intake. The P-value for the linear trend was estimated using the
median score in each quintile. Subtypes of BC were studied in separate Cox
models. We used the Q statistic to test the homogeneity of the results
between the subtypes [28].
In addition, we tested for effect modification by BMI and MHT using

models that included an interaction term for the variable of interest and
the PD score separately and by stratification. Missing observations were <
5% for all variables except for ever breastfed and therefore were imputed
to the median (for continuous variables) or modal value (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 SAS version 9.4 (SAS Institute,
Cary, NC, USA).

Sensitivity analyses
First, covariates with missing values were imputed with multiple
imputation (Markov chain Monte Carlo Method). Second, the participants
with BC diagnosed in the first five years of follow-up were excluded to
overcome the effects of reverse causation. Third, since alcohol is a well-
established risk factor for BC [29], we analysed the PD score without
alcohol and inserted it as a covariate. Fourth, we used two additional
approaches for analysing dietary measurements: baseline diet only and a
time-dependent approach across the follow-up. Lastly, as Cordain et al.
showed that contemporary PDs are deficient in calcium, we analysed the
PD score with the exclusion of calcium [30]; furthermore, we included eggs
as characteristic of the PD as proposed by Frassetto et al. to assess the
influence on BC risk [31].

RESULTS
Over a mean follow-up of 20 years, 3968 incident BC cases that
could be classified by receptor and histological subtypes were
diagnosed among 65,574 women. The characteristics of the
women overall and according to quintiles of the PD are described
in Table 1. Participants’ mean age was 52.8 (6.6) years. Compared
with women in the lowest quintile of the PD, women in the
highest quintile were older, more likely to be non-smokers and
physically active, had marginally lower BMI, and were more likely
to have breastfed, a history of benign breast disease, mammo-
graphy in the last follow-up cycle, and history of menopausal
hormonal therapy use. However, they had lower energy intake
and were less likely to be nulliparous and have a BC family history.
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The fully adjusted model showed that the PD score was
associated with lower BC risk (HR1-SD 0.92, 95% CI; 0.89, 0.95)
(Table 2 and Fig. 1). Spline analyses confirmed no departure from
a linear association (Pnonlinear= 0.18) (Fig. 2). When considering
quintiles, we found that the PD score was inversely and linearly
associated with BC risk (HRQ5 vs Q1 0.83, 95% CI; 0.75, 0.92,
Ptrend < 0.01) (Table 2).

When assessing the association of the PD by BC subtypes, we
did not observe heterogeneity by either receptor status or
histology (Pheterogeneity > 0.10 for all). For example, when we
compared the risks associated with 1-SD of the PD for ER-
positive and ER-negative tumours, we observed 9% and 4% lower
risks, respectively (Model 4: HR1-SD 0.91, 95% CI; 0.88, 0.95 and
HR1-SD 0.96, 95% CI; 0.89, 1.04) (Supplementary Table 2 and Fig. 1).

Table 1. Baseline characteristics of study population overall and according to quintile of the Palaeolithic diet score among postmenopausal women,
E3N cohort (N= 65,574)*.

Quintile of the Palaeolithic diet score

Overall
(N= 65,574)

Q1 Q2 Q3 Q4 Q5

(N= 13,463) (N= 12,516) (N= 13,683) (N= 12,790) (N= 13,122)

Age, years 52.8 (6.6) 52.12 (6.72) 52.47 (6.63) 52.88 (6.60) 53.26 (6.62) 53.52 (6.57)

Educational level, n (%)

Undergraduate or less 7358 (11.22) 1687 (12.59) 1450 (11.62) 1506 (10.89) 1390 (10.90) 1325 (10.10)

Graduate 34,927 (53.26) 6722 (50.18) 6519 (52.25) 7452 (53.86) 6819 (53.48) 7415 (56.54)

Postgraduate 23,289 (35.52) 4987 (37.23) 4507 (36.13) 4877 (35.25) 4542 (35.62) 4376 (33.36)

Alcohol intake, grams/
day

11.58 (13.90) 15.87 (16.16) 13.03 (14.48) 11.31 (13.38) 9.92 (12.63) 7.70 (10.82)

Smoking status, n (%)

Current 8826 (13.46) 2355 (17.58) 1829 (14.66) 1734 (12.53) 1496 (11.73) 1412 (10.77)

Former 21,348 (32.56) 4177 (31.18) 4113 (32.97) 4543 (32.84) 4200 (32.94) 4315 (32.89)

Non smoker 35,400 (53.98) 6864 (51.24) 6534 (52.37) 7558 (54.63) 7055 (55.33) 7389 (56.34)

BMI, kg/m2 22.92 (3.22) 22.98 (3.38) 22.91 (3.24) 22.85 (3.18) 22.93 (3.16) 22.94 (3.14)

BMI categories, kg/m2, n (%)

<20 9420 (14.37) 2001 (14.94) 1821 (14.60) 2023 (14.62) 1794 (14.07) 1781 (13.58)

20–24.99 43,183 (65.85) 8616 (64.32) 8178 (65.55) 9193 (66.45) 8442 (66.21) 8754 (66.74)

≥25 12,971 (19.78) 2779 (20.74) 2477 (19.85) 2619 (18.93) 2515 (19.72) 2581 (19.68)

Physical activity, met-h/
week

49.24 (49.52) 46.46 (46.50) 48.59 (49.20) 48.75 (50.35) 50.47 (48.66) 52.01 (52.51)

Energy intake (excluding
alcohol) kcal/day

2129.36 (543.81) 2289.66 (562.22) 2179.88 (558.71) 2121.32 (541.43) 2071.59 (521.86) 1982.21 (480.87)

Age at menarche, years 12.78 (1.42) 12.84 (1.44) 12.80 (1.41) 12.79 (1.41) 12.78 (1.41) 12.69 (1.40)

Age at menopause, years 50.62 (3.82) 50.54 (3.81) 50.68 (3.77) 50.62 (3.83) 50.61 (3.87) 50.63 (3.82)

Age at first birth, n (%)

< 30 years 51,384 (78.36) 10,313 (76.99) 9737 (78.05) 10,838 (78.33) 10,119 (79.35) 10,377 (79.12)

≥ 30 years 6625 (10.10) 1534 (11.45) 1279 (10.25) 1405 (10.16) 1212 (9.51) 1195 (9.11)

Nulliparous 7565 (11.54) 1549 (11.56) 1460 (11.70) 1592 (11.51) 1420 (11.14) 1544 (11.77)

Breastfeeding, n (%)

Ever 37,772 (57.60) 7667 (57.23) 7200 (57.71) 7896 (57.07) 7445 (58.38) 7564 (57.67)

Never 24,380 (37.18) 5066 (37.82) 4634 (37.14) 5209 (37.65) 4641 (36.40) 4830 (36.83)

Unknown 3422 (5.22) 663 (4.95) 642 (5.15) 730 (5.28) 665 (5.22) 722 (5.50)

Ever use of menopausal
hormone therapy, n (%)

19,761 (30.14) 3535 (26.39) 3531 (28.30) 4291 (31.02) 4116 (32.28) 4288 (32.69)

Ever use of contraceptive
pill, n (%)

39,816 (60.72) 8439 (63.00) 7728 (61.94) 8384 (60.60) 7628 (59.82) 7637 (58.23)

Past history of benign
breast disease, n (%)

19,048 (29.05) 3750 (27.99) 3543 (28.40) 4013 (29.01) 3812 (29.90) 3930 (29.96)

Family history of breast
cancer, n (%)

4841 (7.38) 1007 (7.52) 895 (7.17) 1041 (7.52) 968 (7.59) 930 (7.09)

Mammography in the
last follow-up cycle, n (%)

44,751 (68.25) 8721 (65.10) 8448 (67.71) 9453 (68.33) 8904 (69.83) 9225 (70.33)

Palaeolithic diet score
(continous)

43.44 (4.58) 37.02 (2.26) 41.06 (0.72) 43.51 (0.68) 45.95 (0.73) 49.76 (2.05)

*Continuous variables were described using means and standard deviations, and categorical variables were expressed as numbers and percentages.
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As quintiles, the HRQ5 vs Q1 (95% CI) were 0.82 (0.73, 0.91,
Ptrend < 0.01) and 0.90 (0.71, 1.14, Ptrend= 0.47), respectively.
The PD score was associated with both PR-positive (HR1-SD 0.92,

95% CI; 0.88, 0.96) and PR-negative tumours (HR1-SD 0.92, 95% CI;
0.87, 0.97) (Supplementary Table 2 and Fig. 1); as quintiles, the
HRQ5 vs Q1 (95% CI) were 0.84 (0.74, 0.95), Ptrend < 0.01 and 0.82
(0.69, 0.97), Ptrend < 0.01, respectively. For histological subtypes, we
found that the PD was associated with both ductal (Model 4:
HR1-SD 0.93, 95% CI; 0.90, 0.97) and lobular (HR1-SD 0.88, 95% CI;
0.81, 0.95) tumours (Supplementary Table 4 and Fig. 1); as
quintiles, HRQ5 vs Q1 (95% CI) were 0.85 (0.76, 0.96), Ptrend < 0.01,
and 0.75 (0.59, 0.94), Ptrend < 0.01, respectively.
Overall, there was no interaction between the PD score and BMI

categories (< 20, 20–24.99, and ≥ 25 kg/m²) (Pinteraction= 0.63) or
ever use of MHT (Pinteraction= 0.34) (Supplementary Tables 5 and 6
and Supplementary Fig. 2).

The results remained similar when using multiple imputations to
handle missing covariates and excluding participants diagnosed in
the first five years of follow-up (results not tabulated). After excluding
alcohol from the PD score, the results were not materially different,
HR1-SD 0.96, 95% CI; 0.93, 0.99 and HRQ5 vs Q1 0.90, 95% CI; 0.81, 0.99,
Ptrend < 0.01. When using the baseline score and the time-dependent
analysis approach, the HRs were as follows, Model 4: HR1-SD 0.94, 95%
CI; 0.91, 0.97 and HRQ5 vs Q1 (95% CI); 0.86 (0.78, 0.96), Ptrend < 0.01
(Supplementary Table 7), and HR1-SD 0.986, 95% CI; 0.978, 0.994 and
HRQ5 vs Q1 (95% CI); 0.97 (0.94, 0.99) (Supplementary Table 8),
respectively. Lastly, results were materially unchanged when
excluding calcium, HRQ5 vs Q1 0.83, 95% CI; 0.75, 0.92, or when
including eggs, HRQ5 vs Q1 0.80, 95% CI; 0.73, 0.88.

DISCUSSION
Higher adherence to the PD was inversely associated with BC risk
in this prospective cohort study of postmenopausal women

Table 2. Association of the Palaeolithic diet score with overall breast cancer risk among postmenopausal women, E3N cohort (N= 65,574).

Model 1 Model 2 Model 3 Model 4

Number (%) Number (%) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Non-cases Cases

1-SD increase 61606 (100.00) 3968 (100.00) 0.92 (0.89, 0.95) 0.92 (0.89, 0.95) 0.92 (0.89, 0.95) 0.92 (0.89, 0.95)

Q1 12586 (20.43) 877 (22.10) Reference Reference Reference Reference

Q2 11671 (18.94) 845 (21.30) 1.01 (0.92, 1.12) 1.02 (0.93, 1.12) 1.01 (0.92, 1.11) 1.02 (0.93, 1.12)

Q3 12971 (21.05) 712 (17.94) 0.75 (0.68, 0.83) 0.75 (0.68, 0.83) 0.74 (0.67, 0.82) 0.75 (0.68, 0.83)

Q4 12007 (19.49) 783 (19.73) 0.90 (0.81, 0.99) 0.89 (0.81, 0.99) 0.88 (0.80, 0.97) 0.89 (0.81, 0.99)

Q5 12371 (20.08) 751 (18.93) 0.83 (0.75, 0.92) 0.83 (0.76, 0.92) 0.82 (0.74, 0.90) 0.83 (0.75, 0.92)

P-trend <0.01 <0.01 <0.01 <0.01

M1: Adjusted for age (as the time-scale), stratified by birth cohort.
M2: M1+ educational level, physical activity, smoking status, and family history of breast cancer.
M3: M2+ breastfeeding, age at menarche, age at first full-term birth, past history of benign breast disease, ever use of contraceptive pill, ever use of
menopausal hormone therapy, and mammography in last follow up cycle.
M4: M3+ body mass index and energy intake.

Fig. 1 The Palaeolithic diet score and breast cancer risk, overall
and by subtypes among postmenopausal women, E3N cohort
(N= 65,574). Hazard ratios (Model 4)1 for a 1-standard-deviation
increase in score was presented in the figure. HR hazard ratio, CI
confidence interval, ER oestrogen receptor, PR progesterone
receptor. 1HR 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, and energy intake (model
stratified by birth cohort).

Fig. 2 Associations of the Palaeolithic diet score with breast
cancer fitted with restricted cubic splines (5 knots placed at the
5th, 27.5th, 50th, 72.5th, and 95th percentiles). Risk estimates
were adjusted for age (as the time-scale), educational level, physical
activity, smoking status, family history of breast cancer, breastfeed-
ing, 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, and energy intake (model stratified by birth
cohort). The solid blue line represents the hazard ratio, and the
dashed lines the lower and upper 95% confidence interval.
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followed for approximately 20 years. There was no significant
departure from a linear relationship. We observed neither
heterogeneity across subtypes nor an effect modification by BMI
and MHT. These results suggest that PD could have a preventive
effect on all types of BC, thus acting independently of hormonal
mechanisms. We observed that the cumulative averages yielded
stronger associations compared to the baseline diet and time-
dependent approaches, which could be attributed to the fact that
long-term adherence to a dietary pattern is more intuitive and
reduces measurement errors.
To our knowledge, one previous study has examined the

association between the PD and overall BC risk. Among 96,959 US
women recruited in the California Teachers Study (CTS;
1995–2011), Haridass et al. observed that the Palaeolithic Index
was not associated with BC risk [18]. This study and ours share
common characteristics, such as a prospective design and a large
sample size. However, there were some differences in the number
of food groups and the inclusion or not of eggs, the fruit and
vegetable diversity score, calcium, and sodium, and adjusting on
confounders race and socioeconomic status in the CTS could have
influenced results. Although heterogeneity regarding the inclusion
of certain items in the PD has been observed in the literature
[10, 32–37], our results are comparable to studies with a similar PD
score showing inverse associations with colorectal adenoma and
mortality [10, 36].
We demonstrated the protective influence of the PD in women

at risk of BC. Similarly, beneficial effects of the PD have also been
reported in BC patients in an intervention trial [38]. These
potential benefits should be considered in light of the differences
between the contemporary PD and the traditional PD of our
ancestors. For instance, there is ample evidence supporting a high
intake of animal protein in the traditional PD [39], whilst animal
protein originating from lean meats and seafood constitutes the
majority of energy intake in contemporary PDs [30]. Moreover,
compared to contemporary whole-food diets, such as the
Mediterranean diet, the superiority of PDs could be attributed to
the restriction of grains [40].
Potential mechanisms by which the PD prevents BC include the

following. First, the PD limits processed and sugar-laden foods,
which are deleterious through pathways of oxidative stress and
inflammation [41–43]. Moreover, it has been suggested that the
PD pattern increases insulin sensitivity [31, 44], a mechanism
linked to lower BC risk [45]. Second, the PD is based on good
sources of fibre, antioxidants, and unsaturated fatty acids that
beneficially modulate detoxification enzymes and the immune
system [46–48]. Fibre is suggested to reduce BC risk through
effects on the discharge of carcinogens in the gut, promotion of
probiotics, absorption of free oestrogen, and beneficial effects on
insulin resistance [49–51]. Third, the removal of grains from the
diet is postulated to reduce inflammation and benefit hormone
levels [52, 53]. Fourth, the PD limits non-lean red and processed
meat linked to oxidative stress and systemic inflammation [54–56],
also suggested by lower levels of inflammatory biomarkers in an
observational study [35]. Fifth, a link between pathways of obesity-
linked inflammation and cancer risk is probable, given that PD has
shown beneficial effects in controlling weight gain [57, 58]. Lastly,
sodium restriction may have beneficial mechanistic effects on
cancer pathophysiology [59].
This study has some important strengths—the prospective

nature and the large sample size with high retention and a long
follow-up period. There was a large number of cases with
documented receptor and histological subtypes. 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.
However, this study has some limitations. First, the modern PD

is likely different in terms of the nutritional value of the diet of our
preagricultural ancestors. Second, as with other dietary pattern

analyses, participants did not explicitly decide to adhere to the PD
but were following a dietary pattern which was more or less
similar to the PD definition. Third, two dietary assessments over
the long follow-up may not capture optimally dietary changes in
the interim period between FFQs. We used the cumulative
average dietary score for participants with long follow-up to
account for this limitation. Fourth, there could be some degree of
non-differential misclassification in the dietary assessment, which
might have biased results towards the null. Lastly, highly educated
participants may not represent the general French population,
limiting the external validity of our results. However, stronger
associations might be expected considering the general popula-
tion’s dietary variations.

CONCLUSIONS
In conclusion, higher adherence to the PD was associated with a
17% lower BC risk among postmenopausal women, which could
translate into a substantial impact on the number of avoided cases
of cancer so common. These findings support the long-term
healthful influence of the PD, based on lean meat, fish, fruit,
vegetables, and nuts, with the limitation of dairy, grains, legumes,
refined sugar, and alcohol. More studies are needed to confirm the
findings and understand the underlying mechanistic associations.
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