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It is increasingly thought that part of human susceptibility to cancer is the result of 
evolutionary mismatches: our ancestors evolved cancer suppression mechanisms 
in a world largely different from our modern environments. In that context, it has 
been shown in cohorts from general Western populations that reproductive traits 
modulate breast cancer risk. Overall, the more menses women experience, the more 
at risk they are to develop postmenopausal breast cancer. This points towards an 
evolutionary mismatch but brings the question whether the reproductive pattern also 
modulates the breast cancer risk in menopausal women at high familial risk. We thus 
studied the influence of menses on breast cancer risk in a case–control study of 90 
postmenopausal women (including BRCA1/2 and non BRCA1/2) nested within a cohort 
at high familial risk. We tested the association of the lifetime number of menses and 
the number of menses before first full-term pregnancy with postmenopausal breast 
cancer risk using Cox survival models. We  showed that the total lifetime number 
of menses was significantly associated with postmenopausal breast cancer risk and 
associated with a quicker onset of breast cancer after menopause. Those results align 
with similar studies lead in general cohorts and suggest that the reproductive pattern 
modulates the familial risk of developing breast cancer after menopause. Altogether, 
those results impact how we envision breast cancer prevention and call for more 
research on how ecological and genetic factors shape breast cancer risk.
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Introduction

Because natural selection usually takes multiple generations to shape fitness-related traits in 
organisms, individuals living in rapidly changing environments may display, at least temporarily, 
maladapted features. In humans, such evolutionary mismatches are now known to cause several 
“modern” diseases (Nesse, 2011) such as obesity or allergies. In addition, most of the major 
environmental changes are recent in the history of humankind. For instance, investigations on 
Non-Communicable Diseases (NCDs), as opposed to infectious diseases (Allender et al., 2008) 
pointed out the role of sedentary lifestyle due to urbanization. In return, sedentarity is known to 
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be a risk factor for obesity (Lopez and Hynes, 2006). Those evolutionary 
considerations are important: understanding our vulnerability to NCDs 
helps to shape public health policies (Nesse and Stearns, 2008).

Although cancer is at least as old as 1.7 millions years (Odes et al., 
2016) and has presumably affected humans for a long time (Prates et al., 
2011), it is increasingly assumed that part of our susceptibility to it 
results from evolutionary mismatches between the environment that our 
cancer suppression systems evolved in and our modern world [see, for 
instance, Aktipis and Nesse (2013) and Hochberg and Noble (2017)]: in 
such cases, defense mechanisms are overwhelmed by novel exposures 
to carcinogens. For instance, regular red meat consumption has been 
associated with an increased risk of developing prostate (You and 
Henneberg, 2018) and colorectal (Aykan, 2015) cancers.

In that context, increased breast cancer incidence in controlled-
fertility populations could be the result of such evolutionary mismatch. 
Indeed, a compelling range of reproductive features have been associated 
with breast cancer risk. For instance, having few offspring and having 
them late in life is associated with an increased risk of developing breast 
cancer (MacMahon et al., 1970). You et al. (2018) showed that birth rate 
variation explains breast cancer incidence variations between countries. 
In this study, epidemiological indicators such as gross domestic product 
(GDP), urbanization or overweight, were no longer significantly 
associated with breast cancer risk once incidence was normalized on 
birth rate (You et al., 2018).

A lower parity actually results in very high exposure to reproductive 
hormones: Eaton et al. (1994) calculated that modern American women 
are, on average, experiencing 450 menstrual cycles in their lifetime 
(Eaton et al., 1994) whereas Strassmann (1997) showed that Malian 
Dogon women only experience about 100 menses due to their “natural 
fertility” (i.e., no contraceptive). Concomitantly, American women are 
12 times more at risk to develop breast cancer compared to women from 
West Africa [who have a similar reproductive pattern according to 
Strassmann (1999)]. As reviewed by Persson (2000), other traits of the 
modern reproductive pattern have been associated with breast cancer 
risk such as ages at menarche and menopause, breastfeeding and 
exogenous estrogen such as oral contraceptive (hereafter, “OC”) and 
postmenopausal hormone replacement therapy (“HRT”). Hormonal 
mechanisms partly explain why reproductive traits are tied to breast 
cancer risk. For instance, the Collaborative Group on Hormonal Factors 
in Breast Cancer (2012) found that women with mutated estrogen-
receptors were more likely to develop tumors during menopause. 
Additionally, it has been shown that estrogens have a proliferative effect 
and trigger mammary cell differentiations (Coe and Steadman, 1995). 
In that same study, Coe and Steadman described the ancestral 
reproductive pattern as a continuing series of pregnancies and lactation 
with ancestral women spending most of their lifetime in amenorrhea 
(implying the absence of ovulation). They hypothesized that departure 
from this ancestral pattern increased breast cancer risk. Building on 
observations on the natural fertility population of Dogons in Mali, 
Strassmann (1999) came to the same conclusion and suggested that 
allocating more energy to sustain more ovulations could in return 
decrease the investment in maintenance and protection against 
proliferative problems. In other words, part of our susceptibility to 
hormone positive breast cancer might result from an evolutionary 
mismatch: our exposure to cycling hormones may be higher than our 
cancer suppression systems have evolved to handle.

Indeed, a second fundamental aspect differs between the ancestral 
and modern reproductive patterns: exposure to exogenous estrogen and 
progestogen, OC and HRT. The influence of those exogenous hormones 

on breast cancer risk is not straightforward. For instance, OCs are 
supposed to mimic pregnancy and, therefore, could lower the breast 
cancer risk National Cancer Institute (2018) fact sheet. Conversely, OCs 
have been associated with an increased risk of developing breast cancer 
in different studies (see references in the fact sheet). Studies and meta-
analyses shedding light on the increased risk due to OC first find a 
moderate rate increase (Collaborative group on hormonal factors, 2012) 
and, second, find that the magnitude of the increase depends on both 
the duration and the type of OC (for instance, progestogen-only OCs 
are not associated with an increased risk; Mørch et al., 2017). Lastly, 
levels of exposure must also be  compared to those experienced in 
natural cycles (Lovett et  al., 2017), hence differences between 
progestogens must be asserted. Regarding HRT, the increase in breast 
cancer risk depends on whether estrogens are administered alone or 
combined with progestogens and influence marginally decreases after 
the treatment is stopped (Manson et al., 2013). Overall, OCs seem to 
moderately increase the risk under certain situations and HRT effects 
are even more unclear.

To explore the influence of all those reproductive traits, the total 
number of menses women experience in their lifetime has been used as 
a metric. Two studies investigated the postmenopausal breast cancer risk 
associated with the cumulative number of menses and the number of 
menses before First Full-Term Pregnancy (hereafter “FFTP”) in cohorts 
from the general population (Clavel-Chapelon and E3N Group, 2002; 
Chavez-MacGregor et al., 2005). These two studies, albeit very similar, 
slightly differed in their results: Clavel-Chapelon and E3N Group (2002) 
found a linear risk increase whereas Chavez-MacGregor et al. (2005) 
suggested that the risk was increasing after a threshold.

Both studies computed the lifetime number of menses by subtracting 
the time spent in amenorrhea to the reproductive span (between 
menarche and menopause) and then dividing the result by the average 
length cycle. It is interesting to note that the lifetime number of menses 
they compute is a proxy for the “true” number of ovulatory cycles as they 
consider irregularity to only lead to longer cycles (shorter ones cannot 
be ovulatory) and as amenorrhea is due to reproductive events known 
to stop ovulation (such as pregnancy or breastfeeding). However, on the 
other hand, both studies consider that OCs, while blocking ovulation, 
create cycles equivalent to ovulatory ones. This is puzzling as (i) more 
hormones are involved in menstrual cycles than in OCs and (ii) it has 
been shown that hormonal exposure is different with OCs compared to 
menstrual cycles (Lovett et al., 2017).

Although paving the way, those two studies did not address the 
question of how the reproductive pattern influences the risk in women 
at high risk due to familial history. This is crucial as some genetic loci 
have been associated with an increased risk to develop cancer but have 
not been otherwise associated with the phenotypic reproductive traits 
mentioned above (Warren Andersen et al., 2014). Moreover, known 
genes are responsible for familial cases of breast cancer (Kuchenbaecker 
et al., 2017) and can also be associated with reproductive traits. For 
instance, carriers of mutation in the BReast CAncer (BRCA) gene 
exhibit differential breast cancer risk according to not only their parity 
but also the timing of the different pregnancies (Terry et al., 2018).

Here we  investigate whether the cumulative lifetime number of 
menses and the number of menses before FFTP modulates the 
postmenopausal risk of breast cancer in women at high familial risk. 
We use this metric as (i) it encompasses the reproductive traits known 
to modulate breast cancer risk and (ii) it is a proxy for the total number 
of ovulations that is otherwise inaccessible. We consider that OCs block 
ovulation and therefore that OCs participate in amenorrhea. Most 
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importantly, we consider the timespan between menopause and either 
diagnosis or age at recruitment (in 2017) to address whether women 
experiencing more menses accelerates the breast cancer onset. We find 
that the cumulative number of menses is significantly associated with a 
shorter timespan between menopause and cancer diagnosis whereas the 
association with FFTP is not significant.

Materials and methods

Cohort: Recruitment, data collection, and 
ethics

Our study sample comes from a cohort of 522 women recruited at 
the Centre Hospitalier Université de Montpellier, France in 2017. The 
inclusion criteria was family medical history: women were recruited 
because at least one of their first-degree relatives (n = 427) – in majority 
mothers and sisters – or higher-degree relatives (second degree, n = 358 
and up to the third degree, n  = 191) developed breast cancer (216 
mothers and 186 sisters) or other reproductive tumors (e.g., ovaries: 55 
mothers, 31 sisters). Median age at inclusion was 54 years old. Out of the 
522 women, 356 of them had developed breast cancer (n  = 355 
confirmed with medical record). The median age at first breast cancer 
diagnosis was 40 years old (n = 337). Patients lacking age at diagnosis 
(n = 19) were subsequently removed from analysis. Among those 522 
patients, 144 carry BRCA1 pathogenic variants and 84 BRCA2 
pathogenic variants (44% of our cohort in total).

Patients were asked to answer a survey by phone. Briefly, this survey 
was made to allow the calculation of the number of menses for each 
patient so information on the reproductive pattern was collected. 
Because breast cancer risk may also include a genetic component, 
patients were asked about their BRCA1 and BRCA2 mutational status, 
if known. Lastly, family cancer records were assembled according to the 
relatedness degree and the tumor type.

In this study, we  restrict the analysis to a sample of this cohort 
focusing on postmenopausal breast cancer risk. Therefore, the 
retrospective case–control analyses were done on postmenopausal 
women who declared their menopause as “natural” (as hysterectomy 
without oophorectomy can mimic menopause without blocking the 
ovarian function and treatments required further assumptions). Patients 
not reporting ages at menarche and menopause (n  = 7) or lacking 
information on their menopausal status (n = 8) were removed from the 
analysis. Eight additional patients were removed when their cancer 
status (Yes/No) was missing or uncertain. The final sample size is n = 90 
patients with 49 postmenopausal breast cancer cases and 41 
postmenopausal cancer-free controls. Out of the 90 women in the 
sample, 5 patients were nulliparous and 1 patient had missing FFTP 
data. Therefore, they were not included in the analysis that focuses on 
the number of menses before FFTP.

Reproductive and menstrual variables, 
mutational status

As explained below, computing the number of menses each patient 
experienced required to compute the total length they spent in 
amenorrhea. Each patient’s reproductive history was divided into several 
“blocks” before reviewing the literature on whether those variables are 
associated with amenorrhea:

 (i) “Pregnancy” we  considered pregnancy to be  41 weeks long. 
Puerperium was considered to be between 6 and 8 weeks long as 
in Wang et al. (2015). We also considered that miscarriages and 
abortions were followed by a puerperium of the same length 
(n = 29 patients declared at least one abortion and n = 30 patients 
declared at least one miscarriage with two patients reporting a 
maximum of four events). Patients reported the breastfeeding 
time for each child. For patients that did not report any length, 
breastfeeding was considered to induce amenorrhea during a 
maximum of 6 months per breastfed child and a minimum of 0, 
assuming the breastfeeding was not exclusive (i.e., use of baby 
formula) therefore not inducing amenorrhea.

 (ii) “Contraception” only hormonal means of contraception were 
considered. In our cohort, patients used either OCs or implants. 
If a patient started using hormonal contraception before her 
FFTP, we  considered they used it continuously until this 
FFTP. This assumption of the model is, on the one hand, 
supported by the fact that OCs remain the majority contraceptive 
method in France and are usually used before the first pregnancy 
and, on the other hand, challenged by the fact that a substantial 
proportion of women stop taking OCs after 1 year (Vigoureux 
and Le Guen, 2018)

 (iii) “Cycle” including age at menarche, age at menopause, overall 
regularity and average length of the cycle.

Genetic factors increasing breast cancer risk, such as BRCA 
pathogenic variants, were considered through a binary variable 
“mutational status” (Y/N). As shown by You et al. (2018), association 
of non-reproductive confounders (such as BMI or the living 
environment) with breast cancer incidence is no longer significant after 
normalizing by the birth rate. Moreover, BMI were shown to 
be non-significantly different between cases and controls (t = 1.2421, 
value of p = 0.22) and all patients live in the Montpellier area, in an 
environment that can be  assumed to be  uniform. Consequently, 
we chose to only conduct analyses taking into account the reproductive 
traits, excluding other life variables such as life environment, alcohol 
consumption or smoking.

Handling missing answers

In our reduced sample, some patients did not report their age at 
menarche (n = 1), their ages at menopause (n = 4), their average cycle 
length (n = 8), how long into the pregnancy before choosing an abortion 
(n = 28) and for how long they took OCs (n = 8). Reducing our analysis 
only to the complete cases would result in too much of a power loss. 
We therefore chose to fill in missing values using two different methods.

When either the age of menarche or the age of menopause was 
missing, sample mean values were used as a replacement (respectively, 
12.8 and 45.8 yo). Using central measures to replace missing values of a 
variable relies on two assumptions: the variable sample distribution is 
symmetric and missing values are randomly scattered in the cohort. To 
test the first assumption, probability density functions were visually 
examined before replacement. Additionally, mean values were compared 
to values in the literature. On the one hand, mean age at menarche 
(12.8  in our sample vs. 12.6  in the literature) was consistent with 
literature (Rochebrochard De La, 1999). On the other hand, mean age 
at menopause was lower than estimates found in the literature (see, e.g., 
Soules et al., 2001; Weinstein et al., 2003). Lastly, this method was used 
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in similar studies that also used central metrics as values for single-
imputation (Clavel-Chapelon and E3N Group, 2002; Hartz and He, 
2013; Khalis et al., 2018).

When a timespan (cycle length, abortion or OC) was missing, a range 
of plausible values was defined, assuming the distributions were normal. For 
the cycle average length and the OC, we choose the limit values so that 95% 
of the sample values belong to the range. For the time to abortion, the lower 
limit is also the 95% range lower limit but the upper limit is 12 weeks as 
current French regulation does not allow abortions later than that. This 
allowed to (i) limit result distortion (Houari et al., 2014) and (ii) to avoid 
making further biological assumptions.

General formula for the number of menses

Number of menstrual episodes were computed as follows:

 
menses

reproductive span time spent in amenorrhea
average cycle length

−
=N

For the number of menses before FFTP, the reproductive span is the 
length between menarche and FFTP and amenorrhea can only be due 
to OC. For the cumulative number of menses, the reproductive span is 
the time between menopause and menarche and amenorrhea can be due 
to pregnancy, breastfeeding or OC.

Statistical analyses

We first report the average numbers of menses and their standard 
deviations before testing whether the distributions of the lifetime 
number of menses and the distributions of the number of menses before 
FFTP are significantly different between breast cancer patients and 
controls using the Kolmogorov–Smirnov test and without adjusting for 
any confounders.

Because it cannot be assumed that controls will never develop breast 
cancer, survival analyses were conducted to allow for right-censoring. 
Here we focus on the influence of the cumulative number of menses on 
the occurrence of postmenopausal breast cancer. Therefore, we use the 
timespan between menopause and either age at diagnostic (cases) or age 
at the time of the study (controls) as a time scale to test for the influence 
of the lifetime number of menses and the number before FFTP. We first 
compare the Kaplan–Meier curves along the timescale and we then test 
for potential confounding effects using Cox models. The lifetime 
number of menses influence is tested along with the mutational status, 
the parity (Y/N), OC (Y/N), breastfeeding and age at recruitment. All 
the confounding variables are tested on the same baseline (p > 0.005). 
The number of menses before FFTP influence was tested along with the 
mutational status and two models were run, adjusting or not for the 
lifetime number of menses.

Continuous variables have been discretized before being tested in 
the models: as prescribed by Clark et  al. (2003), cutoffs were 
non-informative (use of quantiles) and more than two categories were 
created. Two quantiles were used (pooled distribution and distribution 
in cases) so that comparative results give a first insight on the robustness 
of the results. All analyses were done in R 3.6.1 (R Core Team, 2020) 
with the package Survival (Therneau, 2020). Testing on the 
proportionality assumption using the cox.zph() function showed no 
violation of the assumption in either model.

Results

Description of the sample

Table 1 below shows how patient and control samples compare.

Lifetime menses and menses before first 
full-term pregnancy: Distribution 
comparison (midpoint of plausible ranges)

Considering OC use periods as part of time spent in amenorrhea, 
midpoint means (and standard deviations) for the number of cycles 
before FFTP were 16.68 (±6.92), 15.59 (±5.32), and 17.94 (±8.29) for 
pooled distribution, distributions in women with and without cancer, 
respectively. As seen on Figure 1, the distributions of the number of 
menses before FFTP are similar between patients with cancer and 
controls. The Kolmogorov–Smirnov test was not significant (value of 
p  = 0.27). Regarding the lifetime number of menses, looking at the 
distribution of the midpoint values, means were 389.56 (±113.34), 419.94 
(±108.12), 353.25 (±109.87) in the pooled sample, in cancer cases and in 
controls. The Kolmogorov–Smirnov test was significant (value of p<0.05).

Latency in onset of postmenopausal breast 
cancer: Cox models (median and limit values 
in ranges)

To test whether more lifetime menses and more menses before 
FFTP are associated with an early onset of cancer after menopause 
compared to controls, we first compared the lifetime number of 
menses between patients with cancer and controls. As seen on 
Figure 2, the Kaplan–Meier curves are different: the purple curve 
is skewed on the right for cancer patients as they experience more 
menses during their reproductive lifespans (x axis represents the 
lifetime number of menses). Then, we  performed Cox model 
analyses with the timespan between menopause and either age at 
diagnosis or age at recruitment (right-censoring) as the timescale. 
To account for uncertainties in the number of menses, we ran the 
models with different values (lower and upper limits of plausible 
range and midpoint values).

TABLE 1 Sample characteristics.

Cases (n = 49) Controls (n = 41)

Median age at 

recruitment

71 yo 64 yo

Median age at menarche 13 yo 13 yo

Median age at menopause 50 yo 50 yo

BRCA pathogenic variant BRCA1 n = 9 BRCA1 n = 8

BRCA2 n = 7 BRCA2 n = 6

No mutation or variant of 

unknown significance

n = 33 n = 21

Unknown mutation status n = 0 n = 6

Median age at first birth 24 yo 24 yo

BMI at recruitment 

(mean ± SD)

25.19 ± 4.23 24.04 ± 4.29
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Breast cancer risk according to three levels of the lifetime number 
of menses (“low” [104;381], “middle” [381;475] and “high” [475;674], 
computed as the three thirds of the midpoint number distribution in 
cases. Note that the range notation here shows that patients with the 
upper limit number of menses for a given range are included in the 
following range, hence the open bracket) was first tested. Having 
experienced more menses is positively associated with risk of 
postmenopausal breast cancer (HR = 1.66 CI95%[0.83;3.33] and 
HR = 2.24 CI95%[1.13;4.45] for “middle” and “high” levels, respectively) 
but only the association with the higher category was significant 
(p < 0.05). Additionally, mutational status was added as a confounder 
and did not yield different results (see Supplementary material S1). 
When adjusted for OC (Y/N), parity (Y/N), breastfeeding (Y/N) and 

cycle regularity (Y/N), the model yielded the same results (see 
Supplementary material S2A).

When the plausible range limit values are used, results are less 
straightforward. The upper limit values yield that only the “middle” 
category of lifetime number of menses (Supplementary material S2B) 
is significantly associated and the lower limit values do not significantly 
associate any confounders with the latency between menopause and 
breast cancer diagnosis (Supplementary material S2C). In the same 
manner, models using the pooled distribution of the number of menses 
yielded contrasted results (Supplementary material S4) depending on 
whether the midpoint or the range limit values were assayed. This 
shows that our results are i) sensitive to the cutoffs and ii) sensitive to 
the hypotheses made to compute the ranges.

FIGURE 1

Distributions of the number of menses before FFTP and the lifetime number of menses. The distribution of menses before FFTP is similar between cases 
and controls but distribution of lifetime number of menses is not.
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Regarding the number of menses before FFTP, regardless of whether 
the lifetime of menses was included, both models yielded the same 
trend: although the category “high” was positively associated, the value 
of p was not significant. Those results are similar to both Clavel-
Chapelon and E3N Group (2002) and Chavez-MacGregor et al. (2005): 
a positive trend exists but is not significant.

Discussion

The work presented here investigated the existence of a reproductive 
mismatch: in postmenopausal women, the risk of breast cancer is 
increased by greater past exposure to cyclic hormones. We investigated 
this question using data from a cohort of 90 women drawn from an 
at-risk population with heavy cancer family history. For each subject, a 
range of plausible values for the number of menses was computed by 
considering information on menstrual and reproductive histories.

It has been hypothesized that before the first full-term 
pregnancy (FFTP), breast cells are highly susceptible to proliferative 
hormones (i.e., estrogens). Since the question of whether more 
numerous menses before FFTP is associated with an increase in 
breast cancer risk is still debated [compare, e.g., Eaton et al. (1994) 
approach with results reviewed by Persson (2000)], we  also 
investigated how significantly those menses were associated with 
cancer risk in our cohort. All subjects lived in the area around 
Montpellier, France, were recruited in the same hospital, surveyed 
by the same person and had family history of cancer. Therefore, only 
reproductive confounders have been used in the survival models 
presented here.

Overall, all the models testing the cumulative number of 
menses pointed towards the same results: only the lifetime number 
of menses was positively and significantly associated with a shorter 
timespan between menopause and cancer diagnosis. This suggests 
that a greater lifetime exposure to cyclic hormones reduces the 
latency of breast cancer onset after menopause. On the other hand, 
the models testing the number of menses before the FFTP yielded 
a positive but non-significant trend. This results for the number of 
menses before FFTP should be considered taking into account at 
least two potential source of bias: i) cycles in the few years after the 
menarche can be anovulatory (hence, we cannot conclude on the 
“true” exposure to cyclic hormones) and ii) we assumed that, if 
patients started taking OCs before the FFTP, they continuously 
took them. It reduces the number of menses before FFTP and leads 
to very large ranges of plausible numbers.

This work builds up on the work conducted on large prospective 
cohorts by Clavel-Chapelon and E3N Group (2002) and Chavez-
MacGregor et al. (2005). It has the novelty of investigating how the 
risk pattern linked to menstrual and reproductive histories will 
be affected in the context of a population selected based on heavy 
familial history. It also answers another question: do women who 
experienced more menses also get breast cancer more quickly 
after menopause?

Regarding the total number of menses, again, we  obtained 
comparable results to both studies. We found that only the highest 
range of menses had a significant association. This supports the 
hypothesis of Chavez-MacGregor et al. (2005) that the risk is likely 
shaped as a threshold function rather than linear. The similarity in 

risk pattern between a cohort from the general population and our 
sample with patients at high familial risk suggests that a high family 
history burden is not the major risk factor, at least not compared 
to menstrual and reproductive histories. This is, at first sight, 
supported by the non-significant positive association of BRCA 
pathogenic variants with breast cancer risk in our cohort. However, 
that non-significance can also be the result of a lack of statistical 
power, so further study on larger sample sizes is required. It also 
fits well with Genome-Wide Association Studies (GWAS) showing 
that loci associated with an increased breast cancer risk are not 
associated with reproductive traits (Warren Andersen et al., 2014). 
Additionally, the number of menses before FFTP is not significantly 
associated with the risk despite a positive trend: this advocates even 
more in favor of this idea that elements of menstrual and 
reproductive histories influence breast cancer risk in synergy.

Interestingly, the risk pattern was similar in our work compared 
to the literature despite some differing assumptions. In previous 
work, whether researchers were counting ovulatory or anovulatory 
was uncertain. For instance, counting menses during OC treatment 
suggests a focus on all exposures (not only exposure due to 
complete ovulatory cycles) but considering puerperium in 
amenorrhea is considering the cessation of ovarian function. Here, 
we  tried to consider only ovulatory cycles. Because the “true” 
number of ovulatory cycles was not accessible, we  computed a 
range. It has the advantage of avoiding the need for some biological 
assumptions, for instance the fraction of ovulatory cycles in the few 
years before menopause. On the other hand, it also shifted the focus 
towards endogenous hormones and did not allow us to answer 
whether OCs protective (and whether, as suggested by Britt and 
Short (2012), it should be given to nuns as a preventive treatment) 
or associated to a slight increase in breast cancer risk (Mørch 
et al., 2017).

First of all, the data required missing value replacement due to the 
low sample size not allowing for removal. Two strategies have been 
adopted: mean and interval substitutions. Both strategies assume the 
same thing: data are missing at random. As explained by Acock (2005), 
missing data arising from individuals refusing or failing to complete 
surveys is not entirely random. In our dataset, some of the surveys have 
been completed by family members of the sampled women. Therefore, 
we cannot ensure that all missing data are at random. Mean replacement 
is the simplest way of dealing with missing data but assumes a 
symmetrical distribution. Additionally, it adds information by 
increasing the sample size and distorts the distribution by reducing the 
variance. Assumptions were met for the age at menarche. Regarding age 
at menopause, it was less straightforward. Interval replacement assumes 
that data are normally distributed. Once again, this would need to 
be more thoroughly assessed.

Second, this work presented results obtained on a relatively 
small sample size. Because Cox models require at least 10 cases per 
group to yield a decent statistical power (Bradburn et al., 2003), the 
number of covariates that could be adjusted for in the same model 
was limited. Lastly, the different models were not as robust as the 
ones found in literature: p-values were sensitive to covariate 
discretization (using quantiles from either the pooled or the 
cases distributions).

Third, the work presented here is an application of a prospective 
model to retrospective data. We computed the number of menses the 
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same way as others did but all subjects who had cancer had it 
beforehand. Consequently, we cannot ensure the absence of recall bias: 
medical history has been shown to influence the way individuals 
remember events. Additionally, women answered about distant past 
events (Skegg, 1988). The Collaborative Group on Hormonal Factors 
in Breast Cancer (2012) found evidence that women’s answers tend to 
regress to the mean with further time from the event. Hence, we cannot 
ensure the absence of recall errors either.

Ultimately, our analysis considered molecular subtypes of cancer 
altogether whereas reproductive and menstrual traits have been shown 
to be positively and significantly associated with breast cancer risk for 
specific molecular subtypes (Aktipis et al., 2014).

This work suggests that the lifetime number of menses is 
associated with an increased risk of developing breast cancer more 
quickly after menopause in women at high familial risk. Therefore, 
high familial risk could be modulated by the reproductive history and 

the interplay between genetic and reproductive factors should 
be further studied.
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