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Abstract

Background: Women with an advantaged socioeconomic position (SEP) have a higher risk of developing breast
cancer (BC). The reasons for this association do not seem to be limited to reproductive factors and remain to be
understood. We aimed to investigate the impact of lifecourse SEP from childhood and social mobility on the risk of
BC considering a broad set of potential mediators.

Methods: We used a discovery-replication strategy in two European prospective cohorts, E3N (N =83,436) and
EPIC-Italy (N=20,530). In E3N, 7877 women were diagnosed with BC during a median 24.4 years of follow-up, while
in EPIC-Italy, 893 BC cases were diagnosed within 15.1 years. Hazard ratios (HR) were estimated using Cox
proportional hazard models on imputed data.

Results: In E3N, women with higher education had a higher risk of BC (HR [95%CI] = 1.21 [1.12, 1.30]). This
association was attenuated by adjusting for reproductive factors, in particular age at first childbirth (HR[95%CI] =
1.13 [1.04, 1.22]). Health behaviours, anthropometric variables, and BC screening had a weaker effect on the
association. Women who remained in a stable advantaged SEP had a higher risk of BC (HR [95%Cl] = 1.24 [1.07;
1.43]) attenuated after adjustment for potential mediators (HR [95%ClI] = 1.13 [0.98; 1.31]). These results were
replicated in EPIC-Italy.

Conclusions: These results confirm the important role of reproductive factors in the social gradient in BC risk,

which does not appear to be fully explained by the large set of potential mediators, including cancer screening,
suggesting that further research is needed to identify additional mechanisms.
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Background

Women with an advantaged socioeconomic position
(SEP) have a higher risk of developing breast cancer (BC)
compared to their disadvantaged counterparts [1, 2].

The social inequalities in BC risk could be partly ex-
plained by socially stratified distribution of known BC
risk factors [3—-7]. In particular age at first childbirth and
parity seem to explain a large part of the association be-
tween SEP and the risk of BC [8-15]. However, an inde-
pendent association between SEP and risk of BC has
also been observed after controlling for those reproduct-
ive factors [8, 9, 11, 14].

Altogether these studies highlight the importance of re-
productive factors in the social gradient of BC but also
suggest that other pathways and mechanisms are involved
and remain to be characterized. The few studies that have
additionally considered health behaviours or anthropo-
metric factors have shown that women with higher early
life SEP had a higher risk of BC, partly mediated by age at
first childbirth and the number of children but not by
health behaviours [9]. In addition, several studies suggest
that screening could act as a mediator in the association
between SEP and the risk of BC [8, 12, 16, 17].

Most available studies so far have mainly focused on ei-
ther young adulthood or late adulthood SEP [8, 10-13, 15—
18], and few have examined SEP at different time points
within a lifecourse framework [9, 14, 17, 19]. Studying the
respective and combined effect of childhood and adult SEP
is needed because they may reveal different mechanisms in-
volved in the social gradient of BC incidence.

One of the major limitations of previous studies is the
lack of simultaneous consideration of all potential media-
tors identified over the last two decades. It remains unclear,
whether all those mediators influence the association be-
tween SEP and the risk of BC, and which ones are the main
drivers of the association. We therefore aimed to investigate
the potential and mutual impact of a large set of reproduct-
ive factors, anthropometric characteristics, and health be-
haviours, within a lifecourse framework. The purpose was
to simultaneously evaluate all potential mediators, and to
establish to which extent they can explain the social in-
equalities associated with breast cancer risk.

More specifically, we first assessed the relationship be-
tween SEP, from childhood to adulthood, and the future
risk of BC in the E3N cohort. We further examined the
impact of health behaviours, anthropometric characteris-
tics, reproductive factors, family history of hormone-
related cancer, and BC screening on these relationships.
Third, we investigated the lifecourse influence of each SEP
by sequentially controlling for time-ordered SEP, and in-
vestigated the impact of social mobility on BC risk. Finally,
to assess the robustness and test the generalisability of our
results, we conducted an independent replication study in
the EPIC-Italy cohort.
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Methods

Study populations

E3N and EPIC-Italy are two cohorts included in the
European Prospective Investigation into Cancer and Nu-
trition (EPIC) study and have been described in detail
elsewhere [20, 21]. Additional information is available in
Additional file 1.

Briefly, E3N includes 98,995 women aged 38—66 and in-
sured by the Mutuelle Générale de 'Education Nationale
(MGEN), a national health insurance plan that primarily
covers teachers. At inclusion, participants provided a writ-
ten informed consent for the study and filled in a ques-
tionnaire that collected information about anthropometric
measures, lifestyle / behaviours, SEP, and health. Self-
administered questionnaires have been subsequently sent
every 2—3 years since 1990. The June 1993 questionnaire
(Q3) included a detailed diet history questionnaire.

EPIC-Italy represents a total of 34,152 volunteers aged
30-75 years at inclusion and recruited from four centers
in Italy in 1993-1998. At inclusion, participants have
filled in a questionnaire that collected information about
anthropometric measurements, lifestyle / behaviours,
SEP, and health.

Lifecourse SEP

We selected lifecourse SEP among variables available in
both cohorts. SEP was measured at three time points
from childhood to adulthood based on self-reported in-
formation and classified as described elsewhere [22],
with some adaptation as detailed in Additional file 2.

Self-reported father’s occupation was used as a proxy
for childhood SEP. E3N women were born 1925-1950
and grew up in the 1940-60s, when the father’s occupa-
tion could be considered a good indicator of the house-
hold’s socio-economic conditions. We applied 3 E-SEC
categories: less advantaged occupations [lower clerical,
services, and sales workers; skilled workers; semi and un-
skilled workers (Class 7-9 ESEC)]; medium occupations
[small employers and self-employed; farmers; lower su-
pervisors and technicians (Class 4, 5, and 6 ESEC)] and
more advantaged occupations [higher professionals and
managers, lower professionals and managers; higher
clerical, services and sales workers (Class 1-3 ESEC)].

SEP in young adulthood was measured using the par-
ticipant’s education categorised in 3 groups: low level
[primary or lower secondary school], middle level
[higher secondary school], and high level attainment
[tertiary education].

Adulthood SEP was measured by the women’s own oc-
cupation, following the same categorisation as for the fa-
ther’s occupation.

In EPIC-Italy, there was a large proportion of house-
wives, thus we used the highest household occupation to
define adulthood SEP.
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Follow up and outcomes
In E3N, self-reported BC diagnosis was confirmed
through pathological reports. Women were followed
from inclusion (Q1, 1990) to the date of BC diagnosis
last filled in questionnaire, or end of the study (2014),
whichever occurred first.

In EPIC-Italy, cancer cases were identified through au-
tomated linkage to cancer and mortality registries, or
through active follow-up, and confirmed with histo-
logical reports or hospital discharge systems. Follow up
time started at inclusion (1993-1998) to the last follow
up: December 2010 for women from Naples, Turin, and
Ragusa, and to December 2009 for women from Varese.

Covariates

Description of all covariates is provided in Add-
itional file 3. The following factors have been considered
as intermediate variables that could mediate the relation-
ship between SEP and the risk of BC, and categorised in
two blocks: i) Health behaviours and anthropometric
characteristics including alcohol consumption; smoking
status; physical activity; Western diet pattern; weight;
and height; ii) reproductive factors including menopausal
status; use of menopausal hormone therapy (MHT); age
at first childbirth; breastfeeding; reproductive lifespan.
We also included family history of a hormone-related
cancer (ovarian and breast); and BC screening.

Description of all variables used is provided in Fig. 1.
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In EPIC-Italy, available data were not exactly the same
as those available in E3N. We selected and considered i)
health behaviours and anthropometric characteristics:
alcohol consumption, smoking status, physical activity
(adapted from [23]), Mediterranean diet [24], height,
and weight; and ii) reproductive factors: age at first
childbirth, and menopausal status.

Statistical analyses in E3N

Descriptive analyses

Baseline characteristics of the population were compared
by BC status and for each SEP indicator. Chi-squared
test or Fisher’s exact test for categorical variables, and
T-test or Wilcoxon rank test for continuous variables
were used to estimate bivariate associations with SEP
and log rank for the association with the risk of BC.
Only those associated with both SEP and BC (p-value <
0.2) were considered in the multivariate and lifecourse
analyses, except for smoking which was systematically
included since it has been found associated with both
SEP and BC in the literature.

Multivariate analyses

Cox proportional hazard models were used to investigate
the relationship between SEP and BC risk. We defined a
first model only adjusted for age (Modell). From Model
1, we adjusted for each potential mediator from each
block of variables and also by block of variables as de-
fined above. Finally, we defined a fully adjusted model

Father’s occupation (74.0%) Education (96.3%)

Occupation (83.2%)

Lifecourse

position

socioeconomic

Reproductive factors

- Age at the first childbirth (96.7%)
Breastfeeding (89.8%)
Reproductive lifespan (92.5%)
Menopausal status (94.7%)

Breast cancer screening (100%)

Menopausal hormone therapy (89.1%)

Family history of hormone-related cancer (97.5%

Health behaviours and
anthropometric characteristics
Alcohol consumption (94.5%)
Smoking status (99.7%)
Western diet pattern (94.5%)
Physical activity (98.6%)

Height (98.4%) Breast cancer

E3N complete dataset* (N = 39,122 / 46.9%)

diagnostics
Yes (9.4%)
No (90.6%)

\ - Weight (97.8%)

Lifecourse socioeconomic position
Father’s occupation (75.6%)

Education (98.3%)

Highest household occupation (98.8%)

EPIC-Italy complete dataset* (N = 14,736 / 71.8%)

Reproductive factors
Age at the first childbirth (98.3%)
Menopausal status (86.8%)

selected covariates in each cohort

Health behaviours and
anthropometric characteristics

Breast cancer
diagnostics
Alcohol consumption (98.3%) Physical activity (100%)
Smoking status (98.4%) Height (99.3%)
Mediterranean diet (98.3%) Weight (99.3%)

Yes (4.4%)
No (95.6%)

Fig. 1 Overview of selected data among both cohorts and proportion of available data from the study population % represents proportion of
women with available data for each covariate in the population before imputation; * Sub-dataset including women with all available data among
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including both blocks of variables. For each of the three
lifecourse SEP, the disadvantaged category was used as
the reference.

Given the large population of E3N, even the smallest
deviation can lead to a statistical violation of the propor-
tional risk assumptions as we observed for some vari-
ables; nevertheless, no trend seems to emerge looking at
residuals graphically. So we used all variables as de-
scribed previously. (Additional file 4).

Lifecourse analyses

To mimic lifecourse experiences, we sequentially ad-
justed for each SEP resulting in four time-sequenced
models as:

Model A: age + father’s occupation

Model B: Model A + education

Model C: Model A + education + occupation
Model D: Model A + education + occupation +
covariates

Social mobility

A multiplicative interaction term was introduced for the
father’s occupation and the adult occupation, hence de-
fining 5 classes: ‘Stable disadvantaged SEP’ (reference);
‘Downward mobility’; ‘Stable medium SEP’; ‘Upward mo-
bility’; ‘Stable advantaged SEP’.

Missing data

To control for possible bias due to missing data, they
were imputed using multiple imputation in the overall
population with the MICE R package [25]. Fifteen impu-
tations were conducted taking the missing-at-random
assumption. All variables tested in the first study step
were imputed, including lifecourse SEP. We used
Rubin’s combination rules to obtain Cox regression esti-
mates from the multiple imputed data.

Sensitivity analyses

We restricted our analyses to women with complete in-
formation on SEP and covariates to test the robustness
of our results (N =39,122). To take into account poten-
tial specificities of invasive BC compared to in situ BC,
we also ran Cox proportional hazards regression in
women with invasive BC only (87.6% of all incident BC
cases in E3N).

Replication analyses in EPIC-Italy

The same multivariate, lifecourse, and social mobility
analyses were replicated in EPIC-Italy. Baseline model
(Modell) in EPIC-Italy was further adjusted for center
because of the study design. Multiple imputations were
also performed in the overall population.
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Statistical analyses were performed using R. version
1.2.1114 within R studio version 1.2.5001.

Results

E3N cohort

From the entire cohort, women with prevalent cancer,
those with another cancer than BC as well as those with
missing or inconsistent data on date or status of diagno-
sis were excluded from the analyses leaving a total of 83,
436 women.

Selected characteristics for E3N by BC status are pro-
vided in Table 1. During a 24.4-year median follow-up
time, 7877 women were diagnosed with BC. Compared
to women who did not develop BC, cases were more
likely to have an advantaged SEP along the lifecourse, to
be older, to be heavy drinkers, to have a high adherence
to a Western diet pattern, to be inactive or have low
physical activity, and to be in the highest tercile of
height and weight. Women diagnosed with BC were also
more likely to have a family history of a hormone-
related cancer, to be MHT ever user, to have fewer chil-
dren, to have been older at first childbirth, not to have
breastfed, to have a longer reproductive lifespan, to be in
pre-menopause at baseline, and to have ever participated
in mammographic screening before inclusion. Character-
istics by SEP are available in Additional file 5).

Association between SEP and the risk of BC

Women whose fathers had an advantaged SEP had a
higher BC risk compared with women whose fathers had
a disadvantaged SEP (M1: HR [95%CI] =1.10 [1.02,
1.18], Table 2a). Associations were slightly attenuated
when adjusting for health behaviours and anthropomet-
ric characteristics (HR [95%CI] = 1.08 [1.01, 1.16]), re-
productive factors (HR [95%CI] = 1.05 [0.98, 1.13]), or
for all covariates (M2, HR [95%CI] = 1.04 [0.97, 1.12]).
Women whose fathers had a medium SEP were not at
higher risk for BC.

We found a positive association between women’s edu-
cation and BC risk (M1: HR [95%CI] = 1.21 [1.12, 1.30],
Table 2b). Controlling for health behaviours and an-
thropometric characteristics only slightly attenuated the
associations (HR [95%CI] = 1.18 [1.09, 1.27]) while con-
trolling for reproductive factors, in particular age at first
childbirth, affected it more strongly (HR[95%CI] = 1.06
[0.99, 1.15]). HRs were further reduced after controlling
for all covariates (M2: HR [95%CI] = 1.06 [0.98, 1.14]).

Compared with their disadvantaged counterparts,
women with an advantaged occupation had a higher risk
of BC (HR[95%CI] =1.08 [1.00, 1.17], Table 2c). HRs
were slightly attenuated after adjustment for either each
block of covariates or both (M2, HR[95%CI] = 1.05 [0.97,
1.14], Table 2c). No evidence of an increased risk was
observed for women with medium SEP.
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Variables BC p
No Yes
Father s occupation (3 cl) n=>55766 n=>5957 0.025
Advantaged, n(%) 9294 (16.67) 1075 (18.05)
Medium, n(%) 23,619 (42.35) 2492 (41.83)
Disadvantaged, n(%) 22,853 (40.98) 2390 (40.12)
Education (3 cl) n=172773 n=7577 <0.001
High, n(%) 26,096 (35.86) 2913 (3845)
Middle, n(%) 36,422 (50.05) 3745 (4943)
Low, n(%) 10,255 (14.09) 919 (12.13)
Occupation (3 cl) n=62726 n=6700 0.017
Advantaged, n(%) 10,962 (17.48) 1250 (18.66)
Medium, n(%) 40,679 (64.85) 4332 (64.66)
Disadvantaged, n(%) 11,085 (17.67) 1118 (16.69)
Age n=75559 n=7877 <0.001
<479y, n(%) 39491 (52.27) 3837 (48.71)
2479y, n(%) 36,068 (47.73) 4040 (51.29)
Alcohol consumption n=71357 n=7455 <0.001
Abstainer, n(%) 7040 (9.87) 678 (9.09)
Moderate, n(%) 38,720 (54.26) 4167 (55.9)
High, n(%) 10,975 (15.38) 1356 (18.19)
Not responding to Q3, n(%) 14,622 (20.49) 1254 (16.82)
Smoking status n=75333 n=7850 0.693
Never, n(%) 50,531 (67.08) 5269 (67.12)
Former, n(%) 15,204 (20.18) 1560 (19.87)
Ever, n(%) 9598 (12.74) 1021 (13.01)
Western diet pattern n=71358 n=7455 <0.001
[-293,-0.511], n(%) 18,876 (26.45) 1921 (25.77)
(=0.511,0.307], n(%) 18,868 (26.44) 2089 (28.02)
(0.307,7.78], n(%) 18991 (26.61) 2191 (29.39)
Not responding to Q3, n(%) 14,623 (2049) 1254 (16.82)
Physical activity (MET) n=74,540 n=7768 <0.001
(7.57,35.9], n(%) 25,040 (33.59) 2395 (30.83)
(4.66,7.571, n(%) 24,635 (33.05) 2630 (33.86)
[0,4.66], n(%) 24,865 (33.36) 2743 (35.31)
Height n=74316 n=7759 <0.001
[135,160], n(%) 33,983 (45.73) 3355 (43.24)
(160,164], n(%) 16,551 (22.27) 1732 (22.32)
(164,190], n(%) 23,782 (32) 2672 (3444)
Weight n=73847 n=7715 0.076
[29,55], n(%) 25,135 (34.04) 2530 (32.79)
(55,62], n(%) 24,737 (33.5) 2611 (33.84)
(62,163], n(%) 23,975 (32.47) 2574 (33.36)
Previous ovary cancer (1grade) n=75559 n=7877 0.002

No, n(%)

74,709 (98.88)

7757 (98.48)
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Table 1 Characteristics of women with available data from E3N according to BC status (Continued)
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Variables BC p
Yes, n(%) 850 (1.12) 120 (1.52)

Previous breast cancer (1grade) n=73693 n=7673 <0.001
No, n(%) 31,622 (42.91) 3039 (39.61)
Yes, n(%) 5240 (7.11) 886 (11.55)
Not available, n(%) 36,831 (49.98) 3748 (48.85)

MHT use n=67.245 n=7111 < 0.001
No, n(%) 58,868 (87.54) 6021 (84.67)
Yes, n(%) 6029 (8.97) 806 (11.33)
Undefined, n(%) 2348 (3.49) 284 (3.99)

Number of full term pregnancy n=75551 n=7877 <0.001
34, n(%) 22,212 (294) 2000 (25.39)
1-2, n(%) 44,491 (58.89) 4827 (61.28)
0, n(%) 8848 (11.71) 1050 (13.33)

Age at the first childbirth n=73018 n=7660 <0.001
[14, 23], n(%) 26,390 (36.14) 2445 (31.92)
(23,26], n(%) 19,487 (26.69) 1959 (25.57)
(26,59], n(%) 18,293 (25.05) 2206 (28.8)
No preg, n(%) 8848 (12.12) 1050 (13.71)

Combined age and number of pregnancy n=73016 n=7660 <0.001
Early first birth and high number of children, n(%) 11,119 (15.23) 938 (12.25)
High number of children, n(%) 10,150 (13.9) 997 (13.02)
Late first birth and few number of children, n(%) 14,575 (19.96) 1794 (23.42)
Low number of children, n(%) 28,324 (38.79) 2881 (37.61)
No pregnancy, n(%) 8848 (12.12) 1050 (13.71)

Breastfeeding n=67708 n=7189 0.019
Yes, n(%) 40,113 (59.24) 4156 (57.81)
No, n(%) 27,595 (40.76) 3033 (42.19)

Reproductive lifespan n=69,697 n=7508 <0.001
27, 411, n(%) 56,083 (80.47) 5964 (79.44)
<27, n(%) 1161 (1.67) 80 (1.07)
241, n(%) 12,453 (17.87) 1464 (19.5)

Breast cancer screening n=75559 n=7877 <0.001
Yes, n(%) 52,720 (69.77) 6012 (76.32)
No, n(%) 22,839 (30.23) 1865 (23.68)

Postmenopausal status n=71368 n=7675 0016

Pre-menopausal, n(%)

Post-menopausal, n(%)

41,683 (5841)
29,685 (41.59)

4593 (59.84)
3082 (40.16)

P-values are estimated with log rank tests

Regarding the impact of other covariates on the risk of
BC, higher age, high alcohol consumption, higher adher-
ence to a Western diet pattern, lower physical activity,
higher height, a family history of hormone-related cancer,
use of MHT, and higher age at first childbirth were associ-
ated with a higher risk of BC in the fully adjusted model.
Inversely, women with a shorter reproductive lifespan, no

adherence to BC screening, and who were in post-
menopause had a lower risk of BC (Additional file 6).

Lifecourse SEP and the risk of BC

When we sequentially adjusted for each lifecourse SEP,
only education was associated with BC risk. HRs for educa-
tion were not affected when adjusting for childhood SEP
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Table 2 Cox proportional hazard regression of BC risk using data from multiple imputation in E3N (N = 83,436)
A. Father’s occupation® B. Education® C. Occupation?®
Medium Advantaged  Middle High Medium Advantaged
HR [95%Cl] HR [95%Cl] HR [95%Cl] HR [95%Cl] HR [95%Cl] HR [95%Cl]
M1 1.00 [0.95, 1.06] 1.10[1.02, 1.18] 1.09 [1.01, 1.17] 1.21[1.12,1.30] 1.02[0.96, 1.09] 1.08 [1.00, 1.17]
Health behaviours And M1 + Alcohol consumption 1.00 [0.95, 1.06] 1.09 [1.02, 1.17] 1.09[1.02, 1.17] 120 [1.11,1.29] 1.02 [0.96, 1.09] 1.08 [1.00, 1.17]
Anthropometric factors ¢ ying status 100 [095, 106] 110 [1.02, 1.18] 1.09 (102, 1.17] 121 [1.12,1.30] 1.03 [0.96, 1.09] 1.08 [1.00, 1.17]
M1 + Western diet pattern 1.00 [0.95, 1.06] 1.10 [1.02, 1.18] 01[1.02,1.18] 121[1.13,131] 1.03[0.97, 1.09] 9 [1.00, 1.18]
M1 + Physical activity 1.00 [0.94, 1.05] 1.09 [1.02,1.17] 1.08[1.00, 1.16] 1.18 [1.10, 1.28] 1.02 [0.96, 1.08] 1.07 [0.99, 1.16]
M1 + Height 1.00 [0.94, 1.05] 1.09 [1.01,1.17] 109 [1.01,1.17] 1.19[1.11,128] 1.02[0.96, 1.08] 1.07 [0.99, 1.16]
M1 + Weight 0 [0.95, 1.06] 1.10 [1.02, 1.18] 01[1.02,1.18] 1.21[1.13,1.31] 1.03 [0.97, 1.09] 8 [1.00, 1.17]
M1 + all health behaviours 1.00 [0.94, 1.05] 1.08 [1.01, 1.16] 1.08 [1.00, 1.16] 1.18 [1.09, 1.27] 1.02 [0.96, 1.08] 1.07 [0.99, 1.16]
and anthropometrics factors
Reproductive factors M1 + Family history of 1.00 [0.95, 1.06] 1.10[1.02, 1.18] 1.09 [1.01, 1.17] 120 [1.12, 1.30] 1.02 [0.96, 1.09] 1.08 [1.00, 1.17]
ovarian cancer
M1 + Family history of 1.00 [0.94, 1.05] 1.09 [1.01,1.17] 109 [1.01,1.17] 1.19[1.11,129] 1.02[0.96, 1.09] 1.08 [1.00, 1.17]
breast cancer
M1+ MHT use 1.00 [0.95, 1.06] 1.10 [1.02, 1.18] 1.08 [1.01, 1.16] 1.20 [1.11, 1.29] 1.02 [0.96, 1.08] 1.08 [0.99, 1.16]
M1 + Age at the first childbirth  0.99 [0.94, 1.05] 1.07 [1.00, 1.15] 1.07 [1.00, 1.15] 1.13 [1.04, 1.22] 1.01 [0.95, 1.07] 1.07 [0.98, 1.16]
M1 + Breastfeeding 1.00 [0.95, 1.06] 1.10 [1.02, 1.18] 1.09 [1.02, 1.17] 121 [1.12,1.30] 1.03 [0.97, 1.09] 1.08 [1.00, 1.17]
M1 + Reproductive lifespan 0 [0.94, 1.05] 9 [1.02, 1.17] 8 [1.01,1.16] 1.19[1.11,1.29] 1.02 [0.96, 1.08] 7 [0.99, 1.16]
M1 + BC screening 0 [0.94, 1.05] 9 [1.02, 1.17] 8 [1.00, 1.16] 9[1.10,1.28] 1.02 [0.96, 1.08] 8 [1.00, 1.17]
M1 + Postmenopausal 1.00 [0.95, 1.06] 1.10[1.02, 1.18] 1.08 [1.01, 1.16] 1.19[1.11,1.28] 1.02 [0.96, 1.08] 1.08 [1.00, 1.17]
status
Model 1 + all reproductive 098 [0.93, 1.04] 1.05[098, 1.13] 1.03 [0.96, 1.11] 1.06 [0.99, 1.15] 0.99 [0.93, 1.05] 1.06 [0.98, 1.15]
factors
M2 098093, 1.04] 1.04[097,1.12] 1.03[096, 1.11] 1.06 [0.98, 1.14] 0.99 [0.93, 1.05] 1.05 [0.97, 1.14]

M1 is adjusted for age

“Referent group: “Disadvantaged”
PReferent group: “Low education”
M2 is fully adjusted model

Hazard ratio (HR) and confidence interval are reported for (A) father’s occupation (B) education and (C) occupation

(Model B, HR[95%CI] = 1.19 [1.11; 1.29], Table 3) or both
childhood and adulthood SEP (Model C, HR[95%CI] = 1.23
[1.12; 1.35], Table 3). The association was attenuated after
adjustment for age at first childbirth (HR[95%CI] = 1.14
[1.04; 1.25], data not shown) and HRs were weakened in
the fully adjusted model (Model D, R[95%CI] = 1.06 [0.97;
1.17], Table 3).

Effect of social mobility on the risk of BC

Women who experienced a stable advantaged SEP had a
higher risk of BC than those with a stable disadvantaged
SEP (Modell: HR[95%CI] = 1.24 [1.07; 1.43], Table 4). HR
estimates were attenuated, especially after adjustment for
age at first childbirth (HR[95%CI] =1.19 [1.03; 1.37, data
not shown), and after adjustment for all covariates (Fully
adjusted model: HR[95%CI] = 1.13 [0.98; 1.31], Table 4).

Sensitivity analyses

Complete cases analyses showed similar results although
associations with BC risk were slightly stronger for edu-
cation and occupation (Additional file 7). HR estimates

for education were weakened but not entirely explained
after accounting for all covariates. A similar pattern was
observed with participants’ occupation. When we re-
stricted our analyses to women who developed an inva-
sive BC, results were comparable (Additional file 8).

External validation in EPIC-Italy

Results in EPIC-Italy are provided in Additional file 9, 10,
11, 12. Briefly, HRs for the risk of BC in highly educated
women were similar to those observed in E3N (Model 1:
HR[95%CI] = 1.19 [0.96; 1.47], Additional file 10). Adjust-
ment for age at first childbirth attenuated mostly the rela-
tion (HR[95%CI] = 1.05 [0.84; 1.31]). Association between
education and the risk of BC was not affected by other
SEP indicators as we observed for E3N (Model C:
HR[95%CI] = 1.18 [0.94; 1.49], Additional file 11). Women
with a stable medium or stable advantaged SEP had a
higher risk of BC compared to stable disadvantaged SEP,
and HRs were marginally affected after adjustment for co-
variates (Additional file 12).
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Table 3 Lifecourse multiple regression analyses of SEP with the risk of BC in E3N using imputed data (N = 83,436)
E3N
Model A Model B Model C Model D
Covariates Reference Modality HR [95%Cl] HR [95%Cl] HR [95%Cl] HR [95%Cl]
Father's occupation Disadvantaged Medium 1.00 [0.95; 1.06] 0.98 [0.93; 1.04] 0.98 [0.93; 1.04] 0.98 [0.93; 1.04]
Advantaged 1.10 [1.02; 1.18] 1.06 [0.98; 1.14] 1.05 [0.98; 1.13] 1.03 [0.96; 1.11]
Education Low Middle - 1.09 [1.01;1.17] 1.12 [1.02; 1.22] 1.04 [0.95; 1.14]
High - 119 [1.11;1.29] 123 [1.12; 1.35] 1.06 [0.97; 1.17]
Occupation Disadvantaged Medium - - 0.95 [0.88; 1.02] 0.97 [0.90; 1.04]
Advantaged - - 1.00 [0.97; 1.09] 1.03 [0.94; 1.13]

Model A is adjusted for age and father’s occupation
Model B is adjusted for age, father’s occupation and education
Model C is adjusted for age and both SEP

Model D is adjusted for age, both SEP and all covariates (i.e. alcohol consumption, smoking status, physical activity, Western diet pattern, height, weight, family
history of ovarian cancer or BC, MHT use, breastfeeding, cancer screening, reproductive lifespan, age at first childbirth and menopausal status)

Discussion
In a large prospective cohort with available lifecourse SEP
and a wide array of covariates, we found that women with
an advantaged SEP had a higher risk of BC at each consid-
ered time point. Lifecourse analyses suggested that educa-
tion had a stronger effect on BC risk. Analyses on social
mobility indicated that women who stay in a stable advan-
taged SEP had a higher risk of BC than those remaining in
stable disadvantaged SEP. Associations were weaker when
adjusting for reproductive factors. Age at first childbirth was
the strongest contributor to SEP-associated BC risk. Adjust-
ment for BC screening participation or for health behav-
iours and anthropometric characteristics only marginally
modified the association between education and BC risk.
Results were robust to the sensitivity analyses we performed
and strengthened by the external validation in EPIC-Italy.
Our study adds to the literature on the effect of life-
course SEP on the risk of BC. In agreement with previ-
ous studies, education was the SEP indicator most
strongly related to BC risk [9, 14, 17] and the association
was mainly weakened by reproductive factors [9-15].
But we also show that this impact persists even after
considering the main other potential mediators, which
constitutes an original finding of our work.

Studies on the etiology of BC have highlighted the
major role of BC risk factors such as weight at birth,
early age to first menstruation, alcohol consumption, age
at first childbirth [26], or late age at menopause [27]. All
those factors are related, to various extents, to hormonal
pathways. Our study supports the importance of age at
first childbirth, corresponding to the time when matur-
ation of the breast tissue ends [28], on BC risk.

We initially hypothesized that the remaining associ-
ation after adjustment for reproductive factors could be
explained by the fact that higher educated women are
more likely to participate in mammographic screening
[29]. But we observed only a modest effect on risk by
adjusting for BC screening, in agreement with previous
studies [13, 18]. Adjustment for health behaviours and
anthropometric characteristics also had a modest effect
on the association between education and BC risk.

According to the literature, some of the hormone-
related risk factors for BC occur early in life, such as
birth weight or age at menarche, and have been found to
be associated with SEP [30-32]. This suggests that SEP
in early life could be important. Our results are not in
favour of the hypothesis of a socially differentiated early
sensitive period in BC risk. Results on social mobility

Table 4 Association of social mobility with the risk of BC in E3N using imputed data (N = 83,436)

Covariates Reference

Social mobility  Stable disadvantaged SEP

Modality

Downward mobility
Stable medium SEP

Upward mobility

Stable advantaged SEP

E3N

Model 1 Model 1+HB-A Model 1+RF  Fully adjusted model
HR [95%Cl] HR [95%Cl] HR [95%Cl] HR [95%Cl]

1.06 [0.95; 1.19]  1.04 [0.93; 1.17] 1.00 [0.90; 1.12]  1.00 [0.89; 1.12]

1.02 [092; 1.12]  1.01 [0.91; 1.11] 0.96 [0.87; 1.06]  0.96 [0.87; 1.06]

1.04 [0.94; 1.14]  1.03 [0.93; 1.13] 1.00 [0.91; 1.10]  0.99 [0.90; 1.09]

1.24 [1.07; 143]  1.20 [1.04; 1.39] 1.15[099; 1.33]  1.13[0.98; 1.31]

Model 1 is adjusted for age and social mobility

Model 1+ HB-A is adjusted for age, social mobility, alcohol consumption, smoking status, physical activity, Western diet pattern, height, weight
Model 1+ RF is adjusted for age, social mobility, family history of ovarian cancer or BC, MHT use, breastfeeding, cancer screening, reproductive lifespan, age at

first childbirth and menopausal status

Fully adjusted model is adjusted for age, social mobility and all covariates
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show that women in an advantaged SEP throughout
their lives are the most at risk group, suggesting that
these women would cumulate harmful effects over the
lifecourse. Additional and more specific analyses are
needed to better define the impact of risk factors accu-
mulation across the lifecourse.

This work was conducted on a large prospective cohort
of French women in which a very large number and
breadth of potential mediators were available. The pro-
spective design limits both recall and reverse causation
biases. Women have been followed since the 1990s until
now, which allows us to have a long view on the disease de-
velopment. Self-reported cancer cases were validated avoid-
ing misclassification. Additionally, the use of a second
prospective and independent cohort, EPIC-Italy, enabled us
to replicate our findings, providing an external validation.

The main limitation in E3N lies in its recruitment espe-
cially when focusing on social inequalities. Women volun-
teers included in this study were all affiliated with a
national health system (MGEN) that mainly insures
people working in the French education system and
spouses. Although the cohort also includes administrative
and cleaning staff, the average educational level of the co-
hort is higher compared to the one in the general popula-
tion. However, by considering SEP at different life periods
from childhood, we were able to observe a certain degree
of variability. There is likely to be heterogeneity, measure-
ment and misclassification errors in both cohorts regard-
ing the 3 life course SEP indicators. However these
individual-based measurements of SEP could capture indi-
vidual factors (e.g. material, behavioural, or psychosocial
factors), provide information about individuals’ accesses to
social and economic resources, and be related to macro-
environmental features (e.g. geographical location). We
cannot rule out selection bias due to attrition and loss of
follow-up. To allow for uncertainty about the missing
data, we ran multiple imputations and analyses on
complete cases, which provided consistent results. Even if
we considered one of the largest set of covariates, it is still
possible that other factors may contribute in the relation-
ship between SEP and BC. In particular, breast density ap-
pears to be an interesting risk factors of BC to consider
[33, 34]. Several studies have reported an independent as-
sociation between SEP, including education, and breast
density after accounting for the potential mediators we
considered in our study. Breast density is suspected to
modulate estrogen level which could be at the origin of
the risk of BC. We could think that breast density may re-
flect another path modifying level of estrogens that has
not been taken into account here. Alternatively, other
mechanisms could be investigated, including the impact
of perceived stress on levels of biomarkers suspected to be
involved in BC risk [35-38]. The approach we used in our
study allowed us to identify potential mediators from a
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large range of factors. A better understanding of the causal
pathways through which educational processes operate is
now needed using causal approaches.

Conclusion

In the E3N cohort, women with advantaged SEP along the
life course had an increased risk of BC. Among the three
investigated SEP time points, education was the factor
most strongly related to subsequent BC risk. Accounting
for the large set of mediators we studied, age at first child-
birth explained an important part of the observed associ-
ation between SEP and BC risk. Other potential
mediators, including BC screening, had a lesser effect on
the association. The association between life course SEP
and BC risk was not fully explained suggesting that further
research is needed to identify additional mediators. The
association between a stable advantaged SEP and BC risk
suggests a cumulative damaging effect of advantaged SEP
across the life course. Our results from an independent
cohort from EPIC-Italy were consistent in terms of direc-
tion and size of the effect compared to those obtained in
E3N, although with less power due to reduced cohort size.
Finally, studies need to be develop to identify the causal
mechanisms of a higher BC risk in women with advan-
taged SEP over the lifecourse.
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