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Abstract

Introduction Height, body mass index (BMI), and weight gain are associated with breast cancer risk in the general
population. It is unclear whether these associations also exist for carriers of pathogenic variants in the BRCAT or BRCA2
genes.

Patients and methods An international pooled cohort of 8091 BRCA1/2 variant carriers was used for retrospective
and prospective analyses separately for premenopausal and postmenopausal women. Cox regression was used to
estimate breast cancer risk associations with height, BMI, and weight change.

Results In the retrospective analysis, taller height was associated with risk of premenopausal breast cancer for BRCA2
variant carriers (HR 1.20 per 10 cm increase, 95% Cl 1.04-1.38). Higher young-adult BMI was associated with lower
premenopausal breast cancer risk for both BRCAT (HR 0.75 per 5 kg/m?, 95% Cl 0.66-0.84) and BRCA2 (HR 0.76, 95%

Cl 0.65-0.89) variant carriers in the retrospective analysis, with consistent, though not statistically significant, findings
from the prospective analysis. In the prospective analysis, higher BMI and adult weight gain were associated with

*Correspondence:

Karin Kast

karin.kast@uk-koeln.de

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13058-023-01673-w&domain=pdf

Kast et al. Breast Cancer Research (2023) 25:72

Page 2 of 13

higher postmenopausal breast cancer risk for BRCAT carriers (HR 1.20 per 5 kg/m? 95% Cl 1.02-1.42; and HR 1.10 per

5 kg weight gain, 95% Cl 1.01-1.19, respectively).

Conclusion Anthropometric measures are associated with breast cancer risk for BRCAT and BRCAZ2 variant carriers,
with relative risk estimates that are generally consistent with those for women from the general population.

Introduction

Taller height and higher postmenopausal body mass
index (BMI) are well-established risk factors for breast
cancer [1-5]. While weight gain in adulthood increases
the risk of postmenopausal breast cancer, higher weight
in adolescence and early adulthood has been associated
with decreased risk of pre- and postmenopausal breast
cancer [3, 6-8]. The latter may be due in part to the fact
that the differentiation of the mammary glands is pro-
moted under higher estrogen levels in obese adoles-
cents and young adults [4, 9-12].

Carriers of germline pathogenic variants in the
BRCA1I or BRCA?2 breast cancer predisposition genes
have high breast cancer risks [13]. However, the extent
to which these risks are modified by anthropometric
factors is unknown. Most previous studies have been
retrospective, some of them with limited sample sizes,
and their results have generally been inconclusive [14-
21]. Three previous studies examined the association
of height with breast cancer risk in pathogenic vari-
ant carriers [17, 18, 20]. While two studies reported a
positive association between height and breast cancer
risk [17, 20], one did not observe an association [18].
These studies also analyzed body weight and breast
cancer risk by menopausal status. Manders et al. found
an association of higher current weight with post-
menopausal breast cancer risk in a cohort of 299 car-
riers of pathogenic variants in BRCAI or BRCA2 [17].
They also found weak evidence of a positive association
between weight gain and postmenopausal breast can-
cer [17]. The retrospective study by Qian et al. reported
an inverse association for higher BMI at age 18 years
and risk of premenopausal breast cancer in a cohort of
14,676 carriers of pathogenic variants in BRCAI and
7912 in BRCA2 [20]. Using a Mendelian randomization
approach, they additionally showed a similar inverse
association between genetically determined BMI and
premenopausal breast cancer risk, consistent with that
seen in the general population [3, 5-8]. The only pro-
spective study on BMI and breast cancer risk in carri-
ers of a pathogenic variant in BRCAI or BRCA2 found
weak evidence for an association of higher BMI at age
18 years with lower postmenopausal breast cancer risk,
but no association of current BMI or weight change
and breast cancer risk [18].

The identification of non-genetic risk factors for breast
cancer in high-risk populations is important for develop-
ing more accurate risk prediction models and designing
risk-adapted prevention strategies. In the present work,
we evaluated the associations of height, BMI, and change
in weight with pre- and postmenopausal breast cancer
risk for carriers of a pathogenic variant in BRCAI or
BRCA2, using data from the International BRCAI and
BRCA2 Cohort Consortium [22-25].

Methods

Study sample

We used pooled data from three large prospective cohort
studies of BRCA1 and BRCA2 pathogenic variant carri-
ers: the International BRCA1/2 Carrier Cohort Study
(IBCCS, consisting of 19 national multi- and single-
center prospective cohort studies) [22], the Kathleen
Cuningham Foundation Consortium for research into
Familial Breast cancer (kConFab) [24, 26], and the Breast
Cancer Family Registry (BCFR) [23, 25] (Additional file 1:
Table S1). The study sample comprised women who were
18 to 80 years of age at recruitment and tested positive
for a pathogenic germline variant in BRCAI or BRCA2.
Women with pathogenic variants in both genes were
excluded.

Data collection

Study participants completed a baseline questionnaire
and one or more follow-up questionnaires. The question-
naires asked about risk factors for breast cancer, includ-
ing height, young-adult weight (age 18 or 20 years),
weight at questionnaire completion, reproductive and
medical history, surgical interventions, and menstrual
history (age at menarche, age at last menstruation,
whether the woman had had any periods in the past year,
the number of years/months since the last menstruation,
and reason(s) for periods stopping) [27].

BMI was calculated as weight (kg) divided by height
(m) squared. Weight change was calculated as the dif-
ference (in kg) between baseline weight and young-adult
weight.

For women who indicated no periods in the past year,
age at menopause was determined by adding one year
to “age at last menstruation” Women below the age of
60 years were considered premenopausal if they indicated
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that they had had a period in the past year, or if the “rea-
son for periods stopping” was medication, oral contra-
ceptive use, pregnancy, or breastfeeding. Women below
the age of 60 years reporting risk-reducing salpingo-
oophorectomy (RRSO) as the reason for menopause were
considered premenopausal until RRSO. For women who
reported a hysterectomy without bilateral oophorectomy,
menopausal status was considered unknown. For women
who were still menstruating when they started hormonal
therapy and those who took hormonal contraceptives at
older ages, age at menopause was classified as unknown.

Occurrence of breast cancer was derived from follow-
up questionnaires and, for some studies, through link-
age to cancer registries. Information on vital status was
obtained from municipal or death registries, medical
records, or family members. For details, see Kuchen-
baecker et al. [13]. All study participants provided writ-
ten informed consent, and each study was approved
by the relevant ethics committee at each participating
institution.

Statistical analysis

Associations with breast cancer risk were evaluated
using Cox proportional hazards regression with age as
the timescale, estimating hazard ratios (HR) and corre-
sponding 95% confidence intervals (CI). Exposure vari-
ates analyzed were height, young-adult BMI, baseline
BMI, and weight change between early adulthood and
baseline. Each anthropometric variable was analyzed in
a separate model. All analyses were stratified by year of
birth (<1950, 1950-1959, 1960—1969, >1970) and study
and were adjusted for age at menarche, number of full-
term pregnancies, oral hormonal contraceptive use (ever/
never), and hormone replacement therapy (ever/never),
as reported in the baseline questionnaire. Robust vari-
ance estimation was used to account for familial cluster-
ing of study participants. Associations were examined
separately for retrospective and prospective observa-
tion times, i.e., before and after baseline questionnaire,
respectively, separately for BRCAI and BRCA2 patho-
genic variant carriers, and separately for pre- and post-
menopausal women, resulting in eight sets of analyses.

Retrospective analysis

Associations of breast cancer risk with height and young-
adult BMI were analyzed. For premenopausal women,
the observation time started at birth and ended at diag-
nosis of the first primary breast cancer (invasive or
in situ) as the event of interest, or was censored at diag-
nosis of any other type of cancer, risk-reducing mastec-
tomy (RRM), completion of baseline questionnaire, or
menopause, whichever came first. For postmenopausal
women, observation started at menopause (if menopause
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occurred before baseline) and was censored at diagno-
sis of the first primary breast cancer (event), or at diag-
nosis of any other type of cancer, RRM, or baseline,
whichever came first. Due to the non-random sampling
of prevalent breast cancer cases, retrospective analyses
were performed using the weighted retrospective cohort
approach described by Antoniou et al. [28]. Individuals
were weighted such that the observed breast cancer inci-
dence rates in the pre- and postmenopausal cohorts were
consistent with established age-specific risk estimates for
BRCA1I and BRCA2 variant carriers [29].

Prospective analysis

Associations of breast cancer risk with height, young-
adult BMI, baseline BMI, and weight change between
early adulthood and baseline were analyzed. For pre-
menopausal women, observation time started at baseline
questionnaire completion (if women were premenopau-
sal at that time point) and ended at diagnosis of the first
primary breast cancer as the event of interest. Observa-
tion time was censored at diagnosis of any other type of
cancer, RRM, last follow-up, or menopause, whichever
came first. For postmenopausal women, observation
started at baseline or menopause, whichever came last,
and ended at diagnosis of the first primary breast cancer,
or at diagnosis of any other type of cancer, RRM, or last
follow-up, whichever came first.

If a woman’s prospective observation period had
included both pre- and postmenopausal periods, then
follow-up periods were assigned to the pre- and post-
menopausal analyses, as appropriate.

All reported P values are two-sided. P values<0.05
were considered statistically significant. Statistical analy-
ses were conducted using R 4.1.1 for Windows (R Core
Team. R: A language and environment for statistical com-
puting. R Foundation for Statistical Computing, Vienna,
Austria. URL: https://www.R-project.org) and IBM SPSS
Statistics for Windows Version 26 (IBM Corp, Armonk,
NY).

Results

Retrospective analysis

The retrospective analysis included 6858 pathogenic vari-
ant carriers (BRCA1I: 4257; BRCA2: 2601). The mean age
at the end of observation was 40.5 years (SD+10.6), see
Table 1.

Taller height was associated with higher premenopau-
sal breast cancer risk in BRCA2 pathogenic variant car-
riers (HR 1.20 per 10 cm increase, 95% CI 1.04—1.38). A
consistent HR estimate was seen among postmenopausal
women (HR 1.30 per 10 cm increase, 95% CI 0.97-1.74),
see Table 2 and Additional file 2: Table S2. No association
was seen for BRCA1I variant carriers, neither for pre- or
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Table 2 Retrospective analysis of height, body mass index, and breast cancer risk, by menopausal status

Menopausal status Premenopausal Postmenopausal
BRCA status BRCA1 BRCA2 BRCA1 BRCA2

n BC HR 95%Cl n BC HR 95%Cl n BC HR 95%Cl n BC HR 95%Cl
Height, per 10 cm 4257 1528 1.06 095-1.17 2601 836 120 1.04-138 650 199 087 069-1.10 506 179 130 097-1.74
Young-adult BMI, kg/m? (categories)
<185 714 268 120 1.00-142 362 132 116 089-151 91 32 167 1.09-256 63 31 1.58 0.95-2.60
18.5to< 25 (reference) 3231 1177 1.0 2015 654 1.0 504 148 10 394 134 10
>25 312 83 067 051-088 224 50 065 046-093 55 19 110 067-182 49 14 095 053-1.69
Young-adult BMI per 4257 1528 075 066-0.84 2601 836 076 065-089 650 199 086 064-1.17 506 179 085 064-1.14

5 kg/m? (continuous)

BC breast cancer, BMI body mass index, 1.0 =reference value

All analyses were adjusted for age at menarche, number of full-term pregnancies, oral hormonal contraceptive use, and hormone replacement therapy

menopausal women. Higher young-adult BMI was asso-
ciated with lower risk of premenopausal breast cancer
both in BRCAI (HR 0.75 per 5 kg/m?, 95% CI 0.66—0.84)
and BRCA2 (HR 0.76 per 5 kg/m? 95% CI 0.65-0.89)
variant carriers. Consistent inverse associations with
premenopausal breast cancer risk were also seen when
young-adult BMI was categorized. In postmenopau-
sal women, high young-adult BMI was associated with
reduced breast cancer risk in BRCA1 carriers compared
to women with a normal BMI, although statistical signifi-
cance was only reached in the category of low compared
to normal BMI (<18.5 kg/m? vs. 18.5 to<25 kg/m* HR
1.67, 95% CI 1.09-2.56). A consistent, but not statistically
significant result was observed for BRCA2 variant carri-
ers. Young-adult BMI, considered as a continuous varia-
ble, was not significantly associated with postmenopausal
breast cancer risk.

Prospective analysis

The prospective analysis was based on 3698 pathogenic
variant carriers (BRCAI: 2167; BRCA2: 1531 with infor-
mation on height and baseline weight. In total, 397 inci-
dent breast cancer cases were diagnosed (Table 3). The
premenopausal cohort comprised 2527 carriers (BRCAI:
1516; BRCA2: 1011), and the postmenopausal cohort
1531 carriers (BRCA1: 905; BRCA2: 626), with a mean
follow-up time of 5.3+ 3.5 years. Information on young-
adult weight was available for a subgroup of 3100 (84%)
carriers.

There was a suggestion for increased premenopausal
breast cancer risk for taller BRCAI and BRCA2 vari-
ant carriers, but the association was not significant (HR
1.19 per 10 cm increase, 95% CI 0.91-1.56 and HR 1.32,
95% CI 0.92—1.90, respectively). There was no evidence
for an association with postmenopausal breast cancer
(Table 4, Additional file 2: Table S2). HR estimates for

young-adult BMI (continuous measure) were less than
1 for premenopausal breast cancer risk in both BRCA I
and BRCA?2 variant carriers, although the associations
were not statistically significant. In contrast, higher
baseline BMI was associated with an increased risk for
postmenopausal breast cancer for BRCAI variant car-
riers (HR per 5 kg/m? increase 1.20, 95% CI 1.02—1.42).
However, there was no association between higher
baseline BMI and risk for BRCA2 carriers (HR 0.97,
95% CI 0.81-1.17).

Between early adulthood and baseline premenopau-
sal BRCA variant carriers gained a mean of 6.5+9.9 kg
and postmenopausal BRCAI variant carriers gained
11.3+11.9 kg. Similarly premenopausal BRCA2 variant
carriers gained a mean of 7.2+10.5 kg and postmeno-
pausal BRCA2 variant carriers gained 11.4+12.1 kg.
In BRCAI variant carriers, weight gain was associated
with increased risk of postmenopausal breast cancer
(HR per kg gain 1.10, 95% CI 1.01-1.19); however, no
significant association was found for BRCA2 variant
carriers (HR 0.99, 95% CI 0.88—1.11). For premenopau-
sal breast cancer, no associations with weight change
were observed in carriers of pathogenic variants in
either gene.

These results were unchanged after adjustment for
use of hormonal contraception and postmenopausal
hormone therapy (Additional file 3: Table S3 and Addi-
tional file 4: Table S4). To find out if absolute weight
was the better explanatory variable compared to BMI,
we performed a sensitivity analysis and examined asso-
ciations with baseline weight and young-adult weight
separately. No large differences in association with
breast cancer compared to baseline BMI and young-
adult BMI were found (Additional file 5: Table S5). To
question if the inverse association of young-adult BMI
was related to lower height in adolescence or young
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adulthood, we performed an additional analysis of
young-adult BMI, adjusting for height. The results
remained similar (Additional file 5: Table S5).

Discussion

In this large cohort of women carrying a pathogenic vari-
ant in BRCAI or BRCA2, we found associations of height,
BMI, and weight gain with breast cancer risk in pre- and
postmenopausal women, which were generally consistent
in direction and magnitude with those described in the
general population. This is the first study with a large pro-
spective component to analyze the association anthropo-
metric measures with breast cancer risk by menopausal
status for BRCAI and BRCA2 variant carriers separately.

Height as a risk factor for pre- and postmenopausal
breast cancer has been described in prospective cohort
studies, and in meta-analyses for the general population
[1, 2]. We found positive associations for BRCA2 variant
carriers between height and risks of pre- and postmeno-
pausal breast cancer in the retrospective analyses, and
with premenopausal breast cancer risk in the prospec-
tive analysis; no associations with height were observed
for BRCA1 variant carriers, although the 95% CI include
a 20% increased risk per 10 cm for all analyses except the
retrospective analysis of premenopausal women. Height
as a breast cancer risk factor for BRCA2, but not for
BRCA1 variant carriers, was also found in a retrospective
study by Qian et al. [20]. The difference in the association
between BRCAI and BRCA2 carriers may be explained
by the difference in proportions of estrogen receptor
(ER)-positive breast cancer (22% for BRCA1, 77% for
BRCA2) [27]. Zhang et al. showed, both in prospective
studies and using Mendelian randomization, that height
was a risk factor for hormone receptor positive breast
cancer, and a weak or no association for receptor nega-
tive disease [2].

We found that higher young-adult BMI is associated
with lower premenopausal breast cancer risk in both
BRCA1I and BRCA?2 variant carriers in the retrospective
analysis, with consistent, although not statistically signifi-
cant, risk estimates in the prospective analysis. This is in
line with the associations seen in the general population,
Mendelian randomization studies, and earlier retrospec-
tive studies by Manders et al. [17] and Qian et al. [20] for
BRCA1 and BRCA2 variant carriers, the data of which
partially overlapped with the retrospective data of the
present study. The reasons for the inverse association of
high young-adult BMI with breast cancer risk are unclear,
but might be mediated through early breast tissue dif-
ferentiation [4, 9]. In particular, childhood adiposity has
been linked to a lower risk of benign breast disease and
lower mammographic density which are risk factors for
breast cancer [10, 11, 30]. Understanding the biological
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mechanism underlying the inverse association of higher
young-adult BMI and lower premenopausal breast cancer
risk could potentially identify modifiable pathways and
provide new insights for prevention in the future.

Higher young-adult BMI is also associated with a lower
risk of postmenopausal breast cancer in the general pop-
ulation [3, 5]. We found no association of higher young-
adult BMI with postmenopausal breast cancer risk,
which is also consistent with the findings by Qian et al.
[20]. However, the retrospective cohort for postmeno-
pausal women was much smaller than the premenopausal
cohort and the HR estimates did not differ significantly.

In the prospective analysis of BRCAI pathogenic vari-
ant carriers, we found that higher baseline BMI and adult
weight gain were associated with higher risk of postmen-
opausal breast cancer, but not with risk of premenopausal
breast cancer. This is in line with the finding by Manders
et al. for BRCA1/2 variant carriers and with the find-
ings in the general population [17, 31, 32]. However, for
BRCA2 variant carriers, we found no evidence of asso-
ciation, although a HR of similar magnitude compared to
BRCA1 variant carriers cannot be excluded, because of
the wide confidence intervals.

A recent study has suggested that weight may be more
predictive of postmenopausal breast cancer risk than
BMI [33]. We analyzed the variables baseline weight and
young-adult weight separately and found no large dif-
ferences in association with breast cancer compared to
baseline BMI and young-adult BMI (Additional file 4:
Table S4).

Two biological explanations for our findings of high
baseline BMI and of weight change and higher breast
cancer risk in the postmenopausal cohort of carriers of
BRCA1I can be considered. A similar pattern (with an
association for BRCA 1- but not BRCA2-associated breast
cancer) has been observed for oral contraceptive use [34].
Both findings were unexpected, since hormonal exposure
is known to especially promote the ER-positive breast
cancer subtype. However, in the general population, a
weak association between elevated BMI and hormone
receptor negative postmenopausal breast cancer and an
association of oral contraception use with early onset
triple negative breast cancer was reported [35-38]. One
explanation for hormone-induced triple negative breast
cancer might be the activation of the paracrine pathway
via the receptor activator of nuclear factor kB (RANK)
[39-46]. The pathway seems to be more relevant for carri-
ers of variants in BRCA1 compared to BRCA2 or PALB2
[47].

Early surgical menopause may lead to use of hormone
therapy, usually a combination of estrogen and progestin.
If BRCA1-deficient breast cells are particularly sensitive
to hormonal treatment, this could lead to a significantly
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higher risk of breast cancer compared with BRCA2 vari-
ant carriers associated with very early menopause and
hormonal contraception use. In our study, however, the
comparison of analysis with and without adjustment for
use of hormonal contraception and postmenopausal hor-
mone therapy did not support this hypothesis, since an
association of high baseline BMI and weight gain with
postmenopausal breast cancer risk was consistently seen
in carriers of a pathogenic variant in BRCAI, but not in
BRCA2.

Another mechanism of action promoting BRCAI-
associated postmenopausal breast cancer may be the
lack of suppression of aromatase. BRCAI is known to
be an inhibitor of aromatase (CYP19) transcription and
also interferes with transcriptional activation mediated
by the estrogen receptor alpha (ER,) [47]. High BMI and
weight gain might therefore lead to higher estradiol levels
due to increased aromatase activity and consecutively to
postmenopausal BRCAI-associated breast cancer. Inter-
estingly, after menopause the percentage of ER-positive
BRCA I-associated breast cancer increases [48].

Avoiding over- and underweight is important for both
pathogenic variant carriers and non-carriers. Even if the
relative risks for anthropometric measures and breast
cancer in BRCAI and BRCA2 variant carriers are simi-
lar to those found in the general population, the absolute
excess risks will be higher for BRCA1 and BRCA2 variant
carriers because of the higher background breast cancer
risk. Additionally, as shown by Hopper et al,, the post-
menopausal elevation of breast cancer risk by far out-
weighs the premenopausal protection associated with
high BMI [49].

Variant carriers may be highly motivated to attempt to
modify their breast cancer risk through a healthy lifestyle
[50, 51]. Healthy behavior change might include better
nutrition and weight loss, although a persistent change
in lifestyle is hard to achieve, especially after menopause
[51]. Our retrospective results of low BMI and higher
premenopausal breast cancer risk imply that under-
weight and unhealthy weight loss should be discouraged
in premenopausal women. But further research on a
larger dataset is necessary. The first intervention study on
nutrition and physical activity for BRCA1/2-pathogenic
variant carriers (the LIBRE trial in Germany) is currently
recruiting [52]. It aims to show that physical fitness and
maintaining a healthy body weight are key to good qual-
ity of life and—in the long run—prevent breast cancer in
both affected and unaffected carriers.

Anthropometric measures are included in cancer risk
prediction models such as BOADICEA [53]. In BOADI-
CEA, the relative risks for height and BMI among vari-
ant carriers are assumed to be the same as those for the
general population. The present analyses suggest that, for
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height, this is a reasonable assumption for BRCA2, but
some adjustment may be needed for BRCAI. The asso-
ciation effect sizes for BMI are generally consistent with
the general population estimates, at least for young-adult
BMI [53].

The study has some limitations. Despite the large size
of the cohort, the number of incident cases was still
limited and the confidence limits were correspondingly
wide, especially in subgroup analyses, such as postmeno-
pausal high young-adult BMI. Thus, the results are still
heavily dependent on the retrospective data, which are
potentially subject to more bias. Much larger prospective
cohorts with a broader age range and a longer follow-up
are therefore needed.

A general challenge is the definition of menopausal
status. Ideally, this would be defined by taking a detailed
menstrual history and, in many cases, a blood test—but
this is not feasible in large epidemiological studies, which
rely on self-reporting. This may have led to some misclas-
sification of postmenopausal women as premenopausal
women, diluting the difference between the two groups.

A known limitation of retrospective studies is the
potential for survival bias introduced by including
prevalent cancer cases. There is evidence in the general
population that higher BMI is associated with advanced
tumor stage and a worse prognosis [54]. If the same is
true for variant carriers, the inverse association with
high BMI might be overestimated [55]. Some studies
have addressed this by defining a pseudoincident cohort,
which includes breast cancer cases only if they occurred
within the last 5 years to avoid survival bias [34]. We did
not utilize this approach, which would have substantially
reduced the sample size. However, the retrospective and
prospective findings were broadly consistent, though
some associations (e.g., the inverse association with
young-adult BMI in premenopausal women) were not
statistically significant in the prospective analysis. Again,
larger prospective analyses are needed.

This is the first prospective study to analyze the associ-
ation of breast cancer risk with anthropometric measures
by menopausal status, separately for BRCAI and BRCA2
variant carriers. Height was a risk factor for premeno-
pausal breast cancer in BRCA2 variant carriers, but not
BRCAI carriers. High young-adult BMI was associated
with decreased risk of premenopausal breast cancer, but
not for postmenopausal breast cancer. Higher BMI and
weight gain in adult life were risk factors for postmeno-
pausal breast cancer in BRCA I variant carriers.

In conclusion, our findings indicate that the associa-
tions of height, BMI and weight gain with breast cancer
risk in BRCAI and BRCA2 variant carriers are broadly
similar to those reported in the general population when
taking into account menopausal status. This research is
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not only important to inform carriers about age-specific
cancer risks, it might also open up new risk reduction
strategies by elucidating yet unknown signaling pathways.
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