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Abstract

Age at menarche is a strong and consistent predictor of breast cancer risk in the general population, but has
not been well studied in women with a family history of breast cancer. We conducted this study to examine
whether the presence of a deleterious BRCAI or BRCA2 mutation influences age at menarche and to investigate
whether or not there is an association between age at menarche and the risk of breast cancer in BRCAI or
BRCA2 mutation carriers. The presence of a deleterious BRCAI or BRCA2 mutation did not appear to
influence a woman’s age at menarche. A matched case—control study was conducted on 1311 pairs of women
who have been identified to be carriers of a deleterious mutation in either the BRCAI (n = 945 pairs) or the
BRCA2 gene (n = 366 pairs). Information about age at menarche was derived from a questionnaire routinely
administered to carriers of a mutation in either gene. Among women who carried a deleterious BRCAI
mutation, age at menarche was inversely associated with the risk of breast cancer (p trend = 0.0002). This
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association was not observed among BRCA2 mutation carriers (p trend = 0.49). Compared with BRCAI
carriers whose age at menarche was <11 years, women with a menarcheal age between 14 and 15 years old had
a 54% reduction in risk (OR = 0.46; 95% CI 0.30-0.69). This study implicates early age at menarche as a
determinant of breast cancer among women with a BRCAI mutation.

Introduction

In the general population, reproductive factors, includ-
ing early age at menarche, late age at first full-term
pregnancy, low parity, and late age at menopause are
established risk factors for an increased risk of breast
cancer [1, 2]. Oophorectomy prior to menopause pro-
tects against the development of breast cancer. The
underlying mechanism is thought to relate to lifetime
exposure to ovarian hormones, particularly estrogen [3].
Reproductive factors, including parity and breastfeed-
ing, have also been reported to influence risk among
women with a hereditary predisposition to breast can-
cer, but to date, age at menarche has not been well
studied.

The age at menarche is falling throughout the world
[4]. This decline is likely influenced by anthropometric
measures, nutritional influences, and decreasing physical
activity during childhood (reviewed in [5]). An early age
at menarche has been shown to be a positive predictor of
breast cancer risk in general, although no clear associ-
ation has been found for women with a family history of
breast cancer [6-8]. Whether or not there is a relation-
ship between menarcheal age and breast cancer risk in
women with a BRCAI or BRCA2 mutation is not clear
[9-11]. First, we examined whether the presence of a
deleterious BRCAI or BRCA2 mutation influences age
at menarche. We then performed a matched case—con-
trol study to investigate whether or not there is an
association between age at menarche and the risk of
breast cancer in women with a deleterious BRCAI or
BRCA2 mutation.

Materials and methods

Eligible study subjects included living women who were
identified from 55 participating centers in eight coun-
tries. These women were participants in ongoing clinical
research protocols at the host institutions. All study
subjects (with the exception of those from the University
of Utah) received counseling, provided written informed
consent for genetic testing, and completed a question-
naire that asked for all relevant information regarding
family history, reproductive and medical histories, and

selected lifestyle factors including smoking and the use
of oral contraceptives. Questionnaires were adminis-
tered at the individual centers at the time of a clinic
appointment or at their home at a later date. Additional
variables of interest included information on demogra-
phy and ethnic group.

The institutional review boards of the host institu-
tions approved the study. In most cases, testing was
initially offered to women who had been affected with
breast or ovarian cancer. When a BRCAI or BRCA2
mutation was identified in a proband or relative, genetic
testing was offered to other at-risk women in the family.
Mutation detection was performed using a range of
techniques, but all nucleotide sequences were confirmed
by direct sequencing of DNA. A woman was eligible for
the current study when the molecular analysis estab-
lished that she was a carrier of a deleterious mutation in
the BRCAI or BRCA2 gene. Most (>95%) of the
mutations identified in the study subjects were either
non-sense mutations, deletions, insertions, or small
frameshifts.

The aim of the first part of the study was to examine
whether mutation status influences age at menarche.
Non-carriers were women who underwent genetic test-
ing and were found to not be carriers of a deleterious
BRCAI or BRCA2 mutation. These women were from
families where a mutation had previously been identi-
fied, and who underwent genetic testing at the Centre for
Research in Women’s Health, and were found not to
carry the family mutation. Since information was not
available for European controls, we limited this analysis
to Canadian and American women. Potential subjects
were excluded if information regarding age at menarche
or mutation status was missing. After exclusion, there
was a total of 3947 women available for the study,
including 2107 BRCAI mutation carriers, 1053 BRCA2
mutation carriers, and 787 non-carrier controls. The
Student’s z-test was used to compare the mean age at
menarche between carriers and non-carriers.

In the second part of the study, a matched case—
control analysis was carried out to test for a possible
association between age at menarche and the risk of
breast cancer in BRCAI and BRCA2 mutation carriers.
Information was available on cancer history for a total
of 6133 women who carried a BRCAI or BRCA2
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mutation. Potential subjects were excluded if they had
been diagnosed with ovarian cancer (970 women), if
information about age at menarche was missing (1261
women), or if information regarding mutation status
(2 women), bilateral mastectomy (16 women) or ooph-
orectomy (18 women) was missing. Control subjects
were women who never had breast cancer and who were
carriers of a mutation in the BRCAI or BRCA2 gene.
After exclusions, there was a total of 3866 eligible
women, including 1896 women with breast cancer
(potential case subjects) and 1970 women without breast
cancer (potential controls).

A single control subject was selected for each case
subject matched according to mutation in the same gene
(BRCAI or BRCA2), year of birth (within three years),
and the country of residence. Within Canada, French-
Canadians were matched separately. In addition, the
date of the interview, bilateral oophorectomy or bilat-
eral mastectomy of the controls had to have occurred
after the year of breast cancer diagnosis of the matched
case subject. A total of 1311 matched case—control pairs
was generated, including 945 pairs with BRCAI muta-
tions and 366 pairs with BRCA2 mutations.

Age at menarche was compared between the case
subjects and control subjects within each strata using the
Student’s t-test. This test statistic was also used for all
other continuous variables. One-way analysis of vari-
ance (ANOVA) was used to assess the difference in
mean body mass index (BMI) (kg/m?) at age 18 stratified
by age at menarche in all case and control subjects. The
multivariate odds ratios (OR), 95% confidence intervals
(CI) and tests for linear trend were estimated by use of
conditional logistic regression. A multivariate analysis
was carried out to control for the potential confounding
effects of oral contraceptive (OC) use, parity and BMI at
age 18. OC use was coded as ever or never user; and
parity was coded as zero, one, two, three, four, and four
or more births. All statistical tests were two-sided. All
analyses were performed using the SAS statistical package,
version 8.1 (SAS Institute, Cary NC).

Results

There was no significant difference in mean age at
menarche in carriers and non-carriers from North
America (p = 0.97) (Table 1). Case and control sub-
jects were similar with regard to mutation status,
country of residence, OC use, and mean parity
(Table 2). Mean year of birth was slightly earlier in the
case subjects than the control subjects (1953.5 versus
1954.4). Case subjects had an earlier age at menarche
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Table 1. Mean age at menarche of Canadian and American BRCA
mutation carriers versus non-carriers

Mean age at menarche (range)

Non-carriers Carriers p value®
All (BRCAI 127(N = 787) 127 (N = 3160)  0.97
and BRCA2)
BRCAI 126 (N = 555)  12.7(N = 2107)  0.53
BRCA?2 128 (N = 232)  12.7(N = 1053)  0.30

& All p values are univariate and were derived using the Student’s
t-test.

than the control subjects (12.7 versus 12.9 years; p =
0.0006).

Among women who carried a deleterious BRCAI
mutation, age at menarche was inversely associated with
the risk of breast cancer (p trend = 0.0002) (Table 3).
Compared to women whose age at menarche was
<11 years, women with a menarcheal age between 14
and 15 years old had a 54% (OR = 0.46; 95% CI 0.30—
0.69) decrease in the risk of breast cancer (adjusting for
parity, OC use and BMI). Although risk of breast cancer
also appeared to decrease with later age at menarche
among BRCA2 mutation carriers, the effect did not
reach statistical significance in this subgroup
(p trend = 0.49).

We adjusted for BMI in these comparisons because
BMI is related both to age of menarche and to breast
cancer risk. Because we did not have data on weight and
height at age of menarche, BMI at age 18 was used. In
Table 4A, it is shown that women with early age of
menarche had, on average, a greater BMI at age 18 than
those women with later age at menarche (p < 0.0001)
and that BMI was negatively associated with breast
cancer risk (p = 0.05).

Discussion

The presence of a deleterious BRCAI or BRCA2
mutation does not appear to influence a woman’s age at
menarche. Jernstrom et al. [10] also reported that age at
menarche did not differ between 39 BRCAI and 11
BRCA2 mutation carriers and compared to their rela-
tives without mutations. In a recent study of carriers of
the specific BRCA2 Icelandic founder mutation
(999del5), the authors reported no difference in the
mean age at menarche between 100 BRCAZ2-positive
cases, 361 BRCAZ2-negative cases and 1000 matched,
unaffected, non-carrier controls [11].

We observed a statistically significant trend of
decreasing breast cancer risk associated with age at
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Table 2. Comparison of case and control subjects with BRCAI and BRCA2 mutations

Variable Case subjects N = 1311 Control subjects N = 1311 p value®
Current age, mean =+ SDP 47.2 (10.2) 45.5(10.4) <0.0001
Date of birth, mean year &= SD 1953.5 (10.7) 1954.4 (10.4) <0.0001
Mutation, n (%)

BRCAI 945 (72.1) 945 (72.1)

BRCA2 366 (27.9) 366 (27.9)
Parity®, mean (SD) 1.86 (1.3) 1.90 (1.5) 0.49
Oral contraceptive use, No. (%)

Ever 716 (68.5) 921 (70.7) 0.21
Age at menarche, mean (SD)

BRCAI 12.7 (1.4) 13.0 (1.5) 0.0007

BRCA2 12.7 (1.5) 12.7 (1.5) 0.86
Age at first birth, mean (SD) 25.1 (4.7) 25.2 (4.7) 0.62
Country of residence?, No. (%)

United States 559 (42.6) 559 (42.6)

Canada (excluding Quebec) 314 (23.9) 314 (23.9)

Quebec 124 (9.4) 124 (9.4)

United Kingdom 9 (0.7) 9 (0.7)

Norway 9 (0.7) 9 (0.7)

Sweden 14 (1.0) 14 (1.0)

Austria 4(0.3) 4(0.3)

Poland 186 (14.2) 186 (14.2)

Israel 92 (7.0) 92 (7.0)

& All p values are univariate and were derived using the Student’s /-test.

® SD = standard deviation.

¢ Parity includes live born and still born, and was included only in analysis if birth was one calendar year before the age of diagnosis of the

matched case.
4 Country of residence at time of testing.

Table 3. OR and 95% CI for breast cancer risk associated with age at
menarche, stratified by BRCA mutation

Table 44. Comparison of mean BMI at age 18 according to age at
menarche in all BRCA mutation carriers

Cases  Controls  OR“ (95% CI) p ptrend Age All Cases Controls p value®
BRCAI <11 21.45 21.22 21.77 0.12
Age at menarche (years) 12 20.97 20.73 21.20 0.04
(1) <11 173 127 1 13 20.53 20.48 20.58 0.64
2) 12 255 238 0.78(0.56-1.08) 0.13 14 20.25 20.02 20.46 0.10
3)13 247 287 0.59(0.43-0.82) 0.002 >15 19.93 19.97 19.89 0.80
4) 14 172 166 0.68(0.47-0.97)  0.04 Overall mean 20.69° 20.53° 20.80° 0.05
(5215 98 127 0.46(0.30-0.69)  0.0002

0.0002 4 p value for difference in mean BMI at age 18 between cases and

BRCA2 controls by age at menarche; includes both BRCAI and BRCA2
Age at menarche (years) mutation carriers.
(1)<11 69 56 1 ® p < 0.0001 by one-way ANOVA for between age comparisons in
2) 12 110 127 0.52 (0.31-0.88)  0.01 all, case and control subjects.
313 89 97 0.61 (0.36-1.02)  0.06
4 14 50 45 0.61 (0.32-1.17)  0.13 among women carrying a deleterious BRCA2 mutation
(5)=15 43 41 0.72 (0.37-1.38)  0.32 0 (p trend = 0.49).

& All ORs were derived using multivariate conditional logistic
regression and were adjusted for OC use, parity and BMI at age 18.

menarche among women with a BRCAI mutation
(p trend = 0.0002). For each year of menarcheal delay,
there was an approximately 15% decrease in the risk of
breast cancer. This protective effect was not observed

The effect of age at menarche on breast cancer risk
was not mediated through childhood obesity. Childhood
obesity has been shown to be a strong determinant of
menarcheal age [12] and we found that increasing BMI
at age 18 was associated with an earlier age of menarche.
However, case subjects appeared to have a modestly
lower BMI than control subjects, and the inclusion of
BMI in the model actually strengthened the association
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Table 4B. Comparison of mean BMI at age 18 according to age at
menarche in BRCAI mutation carriers

Age All Cases Controls p value®
<11 21.58 21.43 21.80 0.38
12 20.90 20.77 21.03 0.35
13 20.48 20.30 20.63 0.18
14 20.40 20.14 20.63 0.11
>15 19.95 20.13 19.83 0.47
Overall mean 20.69° 20.60° 20.77° 0.22

@ p value for difference in mean BMI at age 18 between cases and
controls by age at menarche; only includes BRC A mutation carriers.
® p < 0.0001, <0.0001 and 0.0001 by one-way ANOVA for between
age comparisons in all BRCA1, case and control subjects, respectively.

between age at menarche and breast cancer risk. These
results illustrate that age at menarche is a strong deter-
minant of breast cancer risk, independent of the effects
of BMI. The effect of weight, and of weight gain on
breast cancer risk has been studied extensively in this
cohort (Kotsopoulos et al. submitted).

Hamilton and Mack [13] examined the influence of
age at puberty among pairs of female twins, one or both
of whom had breast cancer. Among monozygotic twins,
earlier puberty was associated with an earlier age of
breast cancer diagnosis and was a strong predictor of
diagnosis age when both twins were affected (OR = 5.4;
95% CI 2.0-14.5). This effect was not observed in the
dizygotic twins (OR = 1.4; 95% CI 0.7-3.0). Because
concordant monozygotic twins are believed to have a
higher susceptibility to disease, this study suggests that
age at menarche may play a greater role in genetically
susceptible subgroups than in the general population.
However, the BRCAI and BRCA2 mutation status of
these twins was not known.

In the general population, reproductive risk factors
including early age at menarche, nulliparity, late age
at first full-term pregnancy, and late age at menopause

Table 4C. Comparison of mean BMI at age 18 according to age at
menarche in BRCA2mutation carriers

Age All Cases Controls p value*
<11 21.13 20.71 21.69 0.38
12 21.12 20.64 21.50 0.35
13 20.69 20.99 20.44 0.18
14 19.67 19.57 19.77 0.11
215 19.86 19.66 20.11 0.47
Overall mean® 20.69 20.48 20.89 0.07

“ p value for difference in mean BMI at age 18 between cases and
controls by age at menarche; only includes BRCA2 mutation carriers.

> p < 0.0001,0.012 and 0.0009 by one-way ANOVA for between age
comparisons in all BRCA2, case and control subjects, respectively.
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are associated with an increased risk for breast cancer;
whereas breastfeeding, higher parity and oophorec-
tomy are protective (reviewed in [1, 2]). Henderson
et al. [14] suggest that breast cancer risk is directly
related to the cumulative number of regular ovulatory
cycles and consequently to lifetime exposure of the
breast to ovarian hormones. Colditz and Frazier [15,
16] (among others) have proposed models emphasizing
the importance of early life exposures, especially prior
to first childbirth, and the subsequent risk of breast
cancer. Among BRCAI mutation carriers, breastfeed-
ing is associated with a decreased risk of breast cancer
[17]. The role of reproductive factors in women with
a BRCA2 mutation is less clear. Oophorectomy
(removal of the ovaries) is protective in both
subgroups [18-20].

The development of the female breast begins in
embryonic life and continues throughout a women’s
lifetime [21]. During adolescence, mammary gland
development includes the initiation of lobule formation
resulting in the development of lobules type 1 within one
to two years after the onset of menarche. The breasts of
nulliparous women are predominantly composed of the
undifferentiated type 1 lobules, whereas the breasts of
parous women are predominantly composed of the more
differentiated type 3 lobules. The higher proliferative
index and concentration of steroid hormone receptors of
the type 1 lobules makes this structure more susceptible
to carcinogenic insult and thus type 1 lobules are con-
sidered to be the sites of origin of breast carcinomas [22].
Following pregnancy, the hormonally induced differen-
tiation of the breast results in mammary cells which are
less susceptible to carcinogens [22-24]. Thus, initiatives
at delaying age at menarche may shorten this critical
time period [25].

In a small study of 46 German BRCAI mutation
carriers, menarche before the age of 14 was associated
with a significantly earlier age of breast cancer onset
compared with those with an age at menarche of
>14 years old (p-log rank test = 0.04) [9]. Only one
study has specifically evaluated whether there is a rela-
tionship between menarcheal age and the risk of breast
cancer individuals with a BRCA2 mutation [11]. Try-
gevadottir et al. [11] reported no significant association
with respect to age at menarche and breast cancer risk.
Nonetheless, they did find that the effect of age at men-
arche on breast cancer risk was in the same direction for
women with and without the BRCA2 mutation, showing
a decrease in risk with later menarcheal age. This effect
was much stronger in the BRCA2-negative cases versus
the BRCA2-positive cases. The results from the latter
study cannot be extrapolated to all women with a BRCA
mutation as the design was restricted to carriers of a
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specific BRCA?2 founder mutation and was limited by the
small sample size.

In the present study, a late age at menarche was
associated with a significantly reduced risk of breast
cancer in women with a BRCAI mutation, but not a
BRCA2 mutation. The protective effect in the former
group may relate to increased expression of the BRCAI
gene in breast tissues during periods of rapid prolifera-
tion and differentiation, such as embryogenesis, puberty,
and pregnancy [26-28]. BRCAI expression is increased
in rapidly proliferating murine mammary glands during
puberty and pregnancy when levels of ovarian hormones
are high [29-31]. BRCAI has also been shown to sup-
press estrogen-mediated breast cell proliferation, in vitro
[32]. Furthermore, both BRCAI and BRCA2 help
maintain genomic integrity by protecting cells against
oxidative stress by inducing expression of genes involved
in antioxidant responses [33] and through participation
in the cellular response to DNA damage, more specifi-
cally, the repair of double-stranded DNA breaks [34].
Russo et al. [35] have also reported that the develop-
mental pattern of breast tissue from parous women with
a family history of breast cancer or a BRCAI mutation
was similar to that of nulliparous women suggesting a
functional role of the BRCAI gene in the branching
pattern of the breast during lobular development asso-
ciated with pregnancy. Since the breasts of BRCAI
mutation carriers may be composed predominantly of
the undifferentiated, highly susceptible lobules type 1,
during periods of active cellular proliferation in the
breast (i.e. puberty) when both BRCAI expression and
ovarian hormone production are normally elevated,
women with a BRCAI mutation (one functional allele
and subsequent decreased expression of BRC A1) may be
especially susceptible to the carcinogenic effects of hor-
monal exposure. In individuals heterozygous for a del-
eterious BRCAI or BRCA2 mutation, it seems likely
that loss of the remaining normal copy of either of these
genes would have much more impact if this event
occurred in undeveloped breast tissue prior to puberty,
rather than later on in more mature breast tissue. An
early loss of BRCA gene function in cells of the
undeveloped breast could conceivably give rise to the
proliferation of sizable clones of cells without functional
BRCAI or BRCA2 during normal sexual maturation.
This could potentially increase the number of cells
highly vulnerable to genotoxic insult, which would
markedly increase the likelihood of an event leading to
genetic destabilization and uncontrolled cell growth.

The lack of a significant effect of age at menarche
among BRCA?2 carriers may be attributed to the small
sample size of BRCA2 carriers or due to real physiologic
differences. Evidence to date suggests that other repro-
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ductive factors (e.g. breastfeeding and parity) appear
to play a less important role in the etiology of
BRCAZ2-associated carcinogenesis. These findings will
require confirmation in future studies.

The primary strength of our study is the large
sample of known BRCA mutation carriers. We in-
cluded 1311 matched pairs selected from a total of
approximately 6133 documented mutation carriers, the
largest study addressing the role of menarche on the
risk of hereditary breast cancer. Our matching strategy
and exclusion criteria resulted in case and control
groups that were similar in most respects. A potential
limitation of this study was the introduction of
information bias with the use of self-reported data
that may have resulted in non-differential misclassifi-
cation. Although the women were required to recall
early menstrual characteristics such as age at menar-
che, studies have shown a high correlation between
recalled and original age at menarche (r = 0.79,
p < 0.001) [36]. The potential of recall bias is minimal
since there was no reason for the women to suspect
such risk factors in the etiology of their disease.

We found that country of residence influenced age at
menarche with women from North America experienc-
ing menarche at a significantly earlier age (data not
shown). In developed countries, secular trends are
showing that age at menarche is declining and may be
explained by a combination of factors that include
improved nutrition, a sedentary lifestyle, the achievement
of attained height at an earlier age and increases in
adolescent height and weight (reviewed in [5]). In general,
relatively tall [37, 38] and obese girls [38—40] undergo
earlier menarche whereas physically active adolescents
experience delayed menarche [41]. Lipworth [42] has
proposed that a high fat diet in the years prior to
adolescence may also accelerate age at menarche. We did
not have information on childhood weight, height or
physical activity and thus we were not able to consider
these variables in our analyses.

Although our study was limited to women with a
genetic predisposition to breast cancer, our findings
are in agreement with the belief that an earlier age at
menarche is a risk factor for breast cancer develop-
ment in general. Girls who undergo early sexual
maturation, as determined by menarcheal age, tend to
be obese as adults [43—45]. The risk of adult obesity is
also greater for those who were obese as children [46],
hence incentives directed at delaying age at menarche
may also help decrease the risk of adult obesity and
the resultant metabolic consequences such as
hyperinsulinemia, glucose intolerance, and type 2
diabetes [47]. The prevalence of childhood obesity is
increasing [48] and nutritional status as a child is
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positively related to both childhood height and
weight, two important determinants of menarche [5].
Studies have clearly shown that dietary energy intake
[49], height [50], weight [40] and various lifestyle
factors such as reduced physical activity [16, 51]
throughout childhood years may trigger early onset
puberty. Our findings point towards the importance
of environmental or lifestyle factors as possible pre-
dictors of menarcheal age and represent potential
modifiers to help delay menarcheal age and perhaps
the risk of breast cancer.
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