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Abstract

Background: Although evidence suggests that larger body size in early life confers life-
long protection from developing breast cancer, few studies have investigated the
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relationship between body size and breast cancer risk among BRCA mutation carriers.
Therefore, we conducted a prospective evaluation of body size and the risk of breast can-
cer among BRCA mutation carriers.

Methods: Current height and body mass index (BMI) at age 18 were determined from
baseline questionnaires. Current BMI and weight change since age 18 were calculated
from updated biennial follow-up questionnaires. Cox proportional hazards models were
used to estimate the hazard ratio (HR) and 95% confidence interval (CI).

Results: Among 3734 BRCA mutation carriers, there were 338 incident breast cancers
over a mean follow-up of 5.5years. There was no association between height, current
BMI or weight change and breast cancer risk. Women with BMI at age 18 >22.1kg/m?
had a decreased risk of developing post-menopausal breast cancer compared with
women with a BMI at age 18 between 18.8 and 20.3kg/m? (HR 0.49; 95% Cl 0.30-0.82;
P=0.006). BMI at age 18 was not associated with risk of pre-menopausal breast cancer.
Conclusions: There was no observed association between height, current BMI and
weight change and risk of breast cancer. The inverse relationship between greater BMI at
age 18 and post-menopausal breast cancer further supports a role of early rather than
current or adulthood exposures for BRCA-associated breast cancer development. Future
studies with longer follow-up and additional measures of adiposity are necessary to con-
firm these findings.
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Key Messages

associated breast cancer development.

* Women with a body mass index (BMI) at age 18 >22.1kg/m? had a decreased risk of developing post-menopausal
breast cancer compared with women with a BMI at age 18 between 18.8 and 20.3 kg/m?.

* There was no observed association between height, current BMI or weight change and breast cancer risk.

* Findings from this study further support a role of early rather than current or adulthood exposures in BRCA-

Introduction

The relationship between anthropometric parameters such
as height, body mass index (BMI) and body weight and
subsequent breast cancer risk has been examined exten-
sively among women in the general population.
Collectively, the evidence suggests that a larger body size
(measured by BMI or body weight), when compared with
normal body size, in adolescence and early adulthood con-
fers lifelong protection from developing breast cancer.'™
Furthermore, menopausal status is an established modifier:
greater body size is associated with a decreased risk of
pre-menopausal breast cancer, but an increased risk of
post-menopausal breast cancer.® The possible underlying
mechanisms mediating the relationship between obesity
and breast cancer development include the metabolic con-
(e.g. hyperinsulinemia, insulin

sequences of obesity

resistance), elevated levels of circulating growth factors
(e.g. glucose, IGF-1), as well as the impact of endogenous
sex hormone levels (e.g. estrogen, testosterone).”™

Few studies have investigated the impact of body size
on breast cancer risk among women with an inherited
BRCA1 or BRCA2 mutation.'®™'* In the largest study con-
ducted to date, which included 1073 matched pairs of
BRCA mutation carriers, we previously reported that
weight loss of at least 10 pounds in early adulthood (be-
tween the ages of 18 and 30) was associated with a 53%
reduction in breast cancer diagnosed between ages 30 and
40 years (P= 0.005).'2 There was no association between
weight loss and breast cancer diagnosed after age 40 years.
Other reports of body size and breast cancer in this high-
risk population have been limited by retrospective study
designs and by small sample sizes, yet suggest that
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maintenance of a healthy body weight, particularly in early
adult life, may be associated with a decreased risk.'*'*

BRCA mutation carriers face high lifetime risks of de-
veloping breast cancer."” Given the high penetrance of
these mutations, the opportunity for prevention is of ex-
treme importance. Furthermore, the early age at BRCA-
breast cancer diagnosis (typically between ages 30 and
50years),'® along with our earlier report of a protective
role of weight loss in early adulthood, suggests that body
size in early life may impact BRCA-associated breast can-
cer risk.'* Thus, we conducted the first prospective evalu-
ation of height, BMI at age 18, current BMI and weight
change since age 18 and breast cancer risk among women
with a BRCA1 or BRCA2 mutation.

Methods
Study population

Eligible study subjects were identified from a multicenter,
longitudinal cohort study of BRCAT and BRCA2 muta-
tion carriers from 80 centres in 17 countries. These
women sought genetic testing for a BRCA1 or BRCA2
mutation because of a personal or family history of breast
or ovarian cancer. Mutation detection was conducted
using a range of techniques, but all nucleotide sequences
were confirmed by direct sequencing of DNA. The study
was approved by the institutional ethics review boards of
the host institutions and all study subjects provided writ-
ten informed consent.

Data collection

All study subjects completed a baseline questionnaire at
the time of study enrolment and follow-up questionnaires
every 2 years thereafter. Baseline questionnaires were ei-
ther mailed to each study participant or administered over
the phone by a genetic counsellor or research assistant at
the time of genetic testing. The baseline questionnaire col-
lected information on family and personal medical histor-
ies, as well as various reproductive, hormonal and lifestyle
factors. Participants also reported their current height (feet
and inches), current weight (pounds) and their weight at
age 18 (pounds). Follow-up questionnaires were adminis-
tered biennially to update information on relevant covari-
ates (e.g. parity and menopausal status), current weight
(pounds) and incident disease. Information on incident
breast cancers, including hormone receptor status, was col-
lected from follow-up questionnaires and pathology re-
cords. For this analysis, incident breast cancers consisted
of first primary invasive breast cancers.

Assessment of anthropometric measures

Height was converted to metres (m) and weight was con-
verted to kilogrammes (kg). BMI at age 18 was calculated
as weight at age 18 in kilogrammes divided by height in
metres squared (kg/m?). Height and BMI at age 18 were
analysed as fixed exposures that were not updated over
time. Current BMI was calculated using current weight val-
ues that were updated at each follow-up questionnaire
cycle and analysed as a time-varying exposure. Weight
change since age 18 was calculated as the difference be-
tween current weight and weight at age 18, and was also
analysed as a time-varying exposure. Weight loss or gain
of <2 kg since age 18 was considered a stable weight based

on cut-offs previously reported in the literature.'”'®

Study subjects available for analysis

For the current study, 15 525 potentially eligible BRCA mu-
tation carriers were identified. Subjects were excluded if they
had a previous diagnosis of any type of cancer (7= 8624),
had undergone a prophylactic bilateral mastectomy prior to
completion of the baseline questionnaire (7 =1055), did not
complete at least one follow-up questionnaire (7= 1888),
were missing the date of breast cancer diagnosis (7 = 4), were
missing BRCA mutation type (7 =24), were missing data on
parity (n=232) or missing values for height, BMI at age 18,
current BMI and weight change at age 18 (7= 149). Subjects
with a BMI of <15 kg/m” were excluded from our analyses
(n=15). After these exclusions, a total of 3734 subjects were
available for the analysis, with 3718 subjects with data avail-
able for the analysis for height, 3381 for BMI at age 18, 3576
for current BMI and 3318 for weight change since age 18.

Statistical analysis

Anthropometric exposures including height, BMI at age 18
and current BMI were categorized into quartiles based on
the distribution of the entire cohort at the beginning of the
study period. The categories for weight change since age
18 were based on those previously used in the litera-
ture.'”'® We utilized the second quartile as the reference
group for all the analyses, since this quartile most closely
represents a healthy or stable weight. In the event that
weight was missing for a questionnaire cycle, the weight
from one cycle prior was carried forward for only one
cycle, with any additional cycles considered as missing.

Participants were followed from the date of completion
of the baseline questionnaire until either the date of a
breast cancer diagnosis, date of prophylactic mastectomy,
date of death or date of completion of their last follow-up
questionnaire. The follow-up period of this analysis was
from the date of baseline until 15 March 2017.
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Cox proportional hazards models were used to estimate
the hazard ratio (HR) and 95% confidence interval (CI) of
breast cancer with each anthropometric exposure using
days of follow-up as the time variable. The simple model
was adjusted for age at baseline (continuous), whereas the
multivariable model additionally adjusted for BRCA muta-
tion type (BRCA1 or BRCA2), country of residence
(North America, Poland or other), parity (ever or never
had a live full-term birth; time-dependent) and menopausal
status  (pre-menopausal or post-menopausal; time-
dependent). Study subjects who carried both a BRCA1 and
BRCA2 mutation were categorized as BRCAT mutation
carriers (n=29). Tests for trend were conducted by assign-
ing the median value of each quartile and modelling them
as a continuous variable.

Analyses were stratified a priori by BRCA mutation type
(BRCA1 or BRCA2) and menopausal status (pre-meno-
pausal or post-menopausal at censoring/event; time-
dependent), as menopausal status is a known modifier of
body weight and breast cancer risk among women in the
general population. Participants were categorized as post-
menopausal if they had stopped menstruating for at least a
year due to natural causes, had a bilateral oophorectomy
with or without hysterectomy or had radiation- or
chemotherapy-induced menopause. BRCA mutation type or
menopausal status was removed as a covariate from the mul-
tivariable model in the analysis stratified by BRCA mutation
type and menopausal status, respectively. Additional post-
hoc stratified analyses were performed to investigate poten-
tial effect modification of estrogen receptor status [estrogen
receptor-positive (ER+) or estrogen receptor-negative (ER-)],
age at breast cancer diagnosis (<50 or >50years) and cause
of menopause (natural or surgical) and breast cancer risk.
Weight change since age 18 was additionally stratified by
BMI at age 18 (<21 or>21kg/m?) to investigate whether
low or high BMI at age 18 influenced the relationship be-
tween weight change since age 18 and breast cancer risk.
The statistical significance of interaction terms was deter-
mined using the likelihood ratio test.

All analyses were conducted using the SAS statistical pack-

age, version 9.4 software (SAS Institute, Cary, NC, USA).

Results

Subiject characteristics

The baseline characteristics of the participants by quartile of
current BMI are summarized in Table 1. Compared with
study subjects with lower BMIs, subjects with higher BMIs
were older, more likely to reside in North America and were
less likely to be nulliparous. Participants with higher BMI
were also more likely to be post-menopausal, with a greater

proportion undergoing natural menopause vs surgical or
medical menopause, and had a later age at menopause.
Lastly, participants with higher BMI were more likely to
have higher BMI at age 18 and experienced greater weight
gain since age 18 compared with those with lower BMI. The
median height of the participants was 1.65m (range 1.27-
2.08m) and the median BMI at age 18 was 20.2 kg/m?*
(15-44.4 kg/mz). At baseline, the median BMI among all
participants was 23.2kg/m? (15.6-63.8 kg/m?) and the me-
dian weight change since age 18 was 7.0 kg (-38.5-88.5 kg).

Over a mean follow-up time of 5.5 (* 3.6) years, there
were a total of 338 incident primary invasive breast can-
cers diagnosed, including 188 cases of pre-menopausal
breast cancer and 150 cases of post-menopausal breast
cancer. During the follow-up period, 446 women went
through menopause, with the average age at natural meno-
pause being 49.2 years and at surgical menopause being
41.8 years.

BMI at age 18, current BMI and risk of breast
cancer

BMI at age 18, current BMI and risk of breast cancer among
BRCA mutation carriers are presented in Table 2. BMI at
age 18 was not associated with breast cancer risk among all
women combined (>22.1kg/m* vs ref HR 0.80; 95% CI
0.58-1.10; P=10.16) or by BRCA mutation type. Similarly,
current BMI was not associated with the risk of breast can-
cer among all women ( >22.1kg/m?* vs ref HR 0.81; 95%
CI0.60-1.11; P=0.20) or by BRCA mutation type.

The association between BMI at age 18 and current
BMI with breast cancer was further stratified by meno-
pausal status (Table 3). Women with a BMI at age 18
of >22.1kg/m? had a 51% decreased risk of developing
post-menopausal breast cancer compared with women in
the reference category (HR 0.49; 95% CI 0.30-0.82;
P =0.006). There was no evidence for a linear relationship
(P-trend = 0.34). BMI at age 18 was not associated with
risk of pre-menopausal breast cancer (HR 1.14; 95% CI
0.75-1.73; P=0.56). Current BMI was not associated
with risk of pre- or post-menopausal breast cancer.

The association between BMI at age 18, as well as current
BMI and risk of breast cancer, did not vary by ER status, by
age at breast cancer diagnosis or by type of menopause
(P-interaction > 0.38) (Supplementary Tables S1 and S2,
available as Supplementary data at IJE online).

Weight change since age 18 and risk of breast
cancer

Weight change since age 18 was not associated with risk of
breast cancer among all women (>25.0kg weight gain vs
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Table 1. Baseline characteristics of BRCA mutation carriers by current BMI?
Characteristic Current BMI (kg/m?)
<20.9 20.9 to <23.3 23.3to <26.6 >26.6
(n=889) (n=2860) (n=3858) (n=886)

Age, mean (SD), y 32.4(10.4) 37.5(11.6) 41.0 (11.6) 43.8 (12.3)
Mutation typeb

BRCA1 739 (83.1) 674 (78.4) 664 (77.4) 660 (74.5)

BRCA2 150 (16.9) 186 (21.6) 194 (22.6) 226 (25.5)
Country

North America 349 (39.3) 414 (48.1) 433 (50.5) 487 (55.0)

Poland 493 (55.5) 383 (44.5) 373 (43.5) 362 (40.9)

Other 47 (5.3) 63(7.3) 52 (6.1) 37 (4.2)
Age at menarche, mean (SD), y 13.2 (1.5) 13.2(1.4) 13.1(1.6) 12.8 (1.6)
Nulliparous 413 (46.5) 291 (33.8) 196 (22.8) 170 (19.2)
Menopausal status®

Pre-menopausal 757 (85.2) 664 (77.2) 575(67.0) 527 (59.5)

Post-menopausal 132 (14.9) 196 (22.8) 283 (33.0) 359 (40.5)
Menopause cause

Natural 49 (16.1) 102 (22.7) 165 (30.1) 198 (31.4)

Surgical 240 (78.7) 331(73.6) 368 (67.2) 416 (66.0)

Medication/radiotherapy 16 (5.3) 17 (3.8) 15(2.7) 16 (2.5)
Age at menopause, mean (SD), y 43.1(7.2) 43.9 (7.3) 45.7 (6.3) 45.8 (6.3)
Previous oral contraceptive use 543 (61.5) 561 (65.5) 545 (63.7) 541 (61.2)
Height, mean (SD), m 1.7 (0.1) 1.7 (0.1) 1.6 (0.1) 1.6 (0.1)
BMI at age 18, mean (SD), kg/m” 19.1 (1.8) 20.2 (2.0) 21.0 (2.6) 22.6 (3.8)
Weight change since age 18, mean (SD), kg 1.1 (4.8) 5.0(5.8) 10.0 (7.4) 22.1(12.4)

2All data are expressed as number (percentage) unless otherwise specified. Data may not total 100% due to rounding.

®One participant with both a BRCAT and BRCA2 mutation was categorized as a BRCA1 mutation carrier.

“Post-menopausal women includes participants who stopped menstruation due to natural causes, had a bilateral oophorectomy with or without a hysterectomy

or had radiation- or chemotherapy-induced menopause.

weight maintenance HR 0.82; 95% CI 0.49-1.39;
P =0.47) or in the analysis stratified by menopausal status
(Table 4).

change since age 18 and breast cancer risk was modified by

However, the relationship between weight

BMI at age 18 (P-interaction =0.01). Among women with
a BMI at age 18 of <21 kg/m?, weight gain of 10-25 kg was
associated with an increased risk of developing breast can-
cer compared with women who maintained their weight
(HR 1.62; 95% CI 0.97-2.71; P=0.07). In contrast,
weight change since age 18 was not associated with risk
among women with a BMI at age 18 of >21kg/m” (>10.0
and <25.0 kg weight gain vs weight maintenance HR 0.635;
95% CI 0.33-1.29; P=0.22). The association between
weight change and breast cancer risk was not modified by
BRCA mutation type, ER status, age at diagnosis or cause
of menopause (P-interaction > 0.34) (data not shown).

Height and risk of breast cancer

Height was not associated with the risk of breast cancer
among all subjects in the age-adjusted or multivariable
model (>1.70m vs ref HR 1.12; 95% CI 1.81-1.56;

P =0.50) or in the analysis stratified by menopausal status
(Table 5). After stratification by BRCA mutation type,
there was evidence for a positive linear trend of increased
breast cancer risk among BRCA2 mutation carriers
(P-trend = 0.05), although the interaction term showed no
evidence of effect modification by BRCA mutation type
(P-interaction = 0.28). The association between height and
breast cancer risk was not modified by ER status, age at
diagnosis or cause of menopause (P-interaction >0.39)
(data not shown).

Discussion

In this first prospective evaluation of body size and breast
cancer risk in BRCA mutation carriers, we studied 3734 fe-
male BRCA mutation carriers over a mean follow-up of
5.5 years. Overall, there was no observed association be-
tween height, BMI or weight change and breast cancer
risk. After stratification by menopausal status, women in
the highest quartile of BMI at age 18 (>22.1kg/m?) had a
51% decreased risk of developing post-menopausal breast
cancer compared with women with BMI at age 18 between
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Table 2. BMI at age 18, current BMI and risk of breast cancer among BRCA mutation carriers

Cases/total Age-adjusted HR P-value Cases/total Multivariable HR P-value
n (95% CI) " (95% CI)®
BMI at age 18, kg/m>
All
<18.8 67/812 0.85(0.62,1.17) 0.31 67/811 0.86 (0.62,1.17) 0.33
18.8 to <20.3 92/898 1.00 (Ref) Ref 92/898 1.00 (Ref) Ref
20.3 to <22.1 80/816 0.96 (0.71, 1.30) 0.80 80/816 0.98 (0.73, 1.33) 0.91
>22.1 64/855 0.80(0.58, 1.09) 0.16 64/855 0.80(0.58, 1.10) 0.16
P-trend 0.55 0.54
BRCA1
<18.8 551676 0.80 (0.56,1.13) 0.20 551675 0.81(0.57, 1.15) 0.23
18.8 to <20.3 751702 1.00 (Ref) Ref 751702 1.00 (Ref) Ref
20.3 to <22.1 63/633 0.97 (0.69, 1.35) 0.85 63/633 0.99 (0.71, 1.38) 0.94
>22.1 49/634 0.78 (0.54, 1.14) 0.17 49/634 0.77 (0.54, 1.11) 0.16
P-trend 0.98 0.99
BRCA2
<18.8 12/136 1.13 (0.54,2.37) 0.74 12/136 1.12 (0.53, 2.35) 0.76
18.8 to <20.3 17/196 1.00 (Ref) Ref 17/196 1.00 (Ref) Ref
20.3 to <22.1 17/183 0.96 (0.49, 1.89) 0.92 17/183 0.98 (0.50, 1.92) 0.95
>22.1 15/221 0.88 (0.44, 1.76) 0.72 15/221 0.88 (0.44, 1.77) 0.72
P-trend 0.56 0.58
Current BMI, kg/m?
All
<20.9 51/761 0.75(0.53, 1.06) 0.10 51/761 0.75(0.53, 1.07) 0.11
20.9 to <23.3 82/879 1.00 (Ref) Ref 82/878 1.00 (Ref) Ref
23.3to <26.6 96/927 1.07 (0.80, 1.44) 0.64 96/926 1.06 (0.79, 1.43) 0.69
>26.6 84/1009 0.84 (0.61, 1.14) 0.25 84/1009 0.81(0.60, 1.11) 0.20
P-trend 0.91 0.75
BRCA1
<20.9 41/632 0.71(0.48, 1.06) 0.09 41/632 0.73 (0.49, 1.08) 0.11
20.9 to <23.3 66/706 1.00 (Ref) Ref 66/705 1.00 (Ref) Ref
23.3to <26.6 80/734 1.12 (0.81, 1.56) 0.50 80/733 1.11 (0.80, 1.54) 0.54
>26.6 681775 0.84 (0.60, 1.19) 0.33 68/775 0.82 (0.58, 1.16) 0.27
P-trend 0.59 0.76
BRCA2
<20.9 10/129 0.93 (0.42, 2.04) 0.85 10/129 0.89 (0.40, 1.96) 0.77
20.9 to <23.3 16/173 1.00 (Ref) Ref 16/173 1.00 (Ref) Ref
23.3t0 <26.6 16/193 0.88 (0.44, 1.76) 0.71 16/193 0.88 (0.44, 1.76) 0.71
>26.6 16/234 0.79 (0.39, 1.50) 0.50 16/234 0.78 (0.39, 1.56) 0.48
P-trend 0.72 0.76

*The multivariable model has fewer participants due to missing observations for menopausal status (1 <2).

"The multivariable model adjusted for age at baseline (continuous), BRCA mutation type (BRCA1 or BRCA2), country of residence (North America, Poland

or other), parity (ever or never had a live birth; time-dependent) and menopausal status (pre-menopausal or post-menopausal; time-dependent). BRCA mutation

type was removed as a covariate from the multivariable model in the analysis stratified by BRCA mutation type.

18.8 and 20.3 kg/m*. Among women with a BMI at age
18 <21kg/m?, weight gain of 10-25kg was associated
with an increased risk of developing breast cancer, com-
pared with women who maintained their weight. These
findings suggest that BMI in early adulthood is of import-
ance in BRCA-associated breast cancer.

Few studies have evaluated body size and breast cancer
risk in this high-risk population. In the largest retrospective
study published to date, we previously found that weight

loss of >10 pounds (4.5 kg) between the ages of 18 and
30years was associated with a 53% decreased risk of
breast cancer diagnosed between the ages of 30 and
40 years compared with those who maintained weight.'?
Change in body weight at ages 30-40 did not influence
risk.'” King et al. reported that a healthy weight early in
life was associated with a delay in breast cancer diagno-
sis,!! whereas another study found no association between
BMI and diagnosis age among 46 BRCAI mutation
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Table 3. BMI at age 18, current BMI and risk of breast cancer by menopausal status
Cases/total Age-adjusted HR P-value Cases/total Multivariable HR P-value
n (95% CI) n (95% CI)®
BMI at age 18, kg/m>
Pre-menopausal
<18.8 42/522 1.06 (0.69, 1.61) 0.80 42/522 1.06 (0.69, 1.61) 0.80
18.8 to <20.3 45/522 1.00 (Ref) Ref 45/522 1.00 (Ref) Ref
20.3 to <22.1 471486 1.26 (0.84, 1.90) 0.27 47/486 1.26 (0.84, 1.90) 0.27
>22.1 42/506 1.14 (0.75, 1.74) 0.53 42/506 1.14 (0.75, 1.73) 0.56
P-trend 0.65 0.68
Post-menopausal
<18.8 251289 0.66 (0.41, 1.08) 0.10 25/289 0.66 (0.41, 1.07) 0.09
18.8 to <20.3 471376 1.00 (Ref) Ref 471376 1.00 (Ref) Ref
20.3 to <22.1 33/330 0.71 (0.46, 1.11) 0.13 33/330 0.73 (0.47,1.14) 0.16
>22.1 22/349 0.49 (0.30, 0.82) 0.006 22/349 0.49 (0.30, 0.82) 0.006
P-trend 0.33 0.34
Current BMI, kg/m?
Pre-menopausal
<20.9 351578 0.74 (0.47,1.14) 0.17 35/578 0.74 (0.48, 1.15) 0.18
20.9 to <23.3 471566 1.00 (Ref) Ref 471566 1.00 (Ref) Ref
23.3to <26.6 561517 1.37(0.93,2.02) 0.11 56/517 1.34 (0.91, 1.98) 0.14
>26.6 39/462 1.00 (0.65, 1.53) 0.99 39/462 0.97 (0.63, 1.48) 0.88
P-trend 0.22 0.31
Post-menopausal
<20.9 16/183 0.88(0.48, 1.58) 0.66 16/183 0.87(0.48,1.57) 0.65
20.9 to <23.3 35/312 1.00 (Ref) Ref 35/312 1.00 (Ref) Ref
23.3t0 <26.6 40/409 0.78 (0.50, 1.23) 0.29 40/409 0.78 (0.49, 1.22) 0.27
>26.6 45/547 0.68 (0.43, 1.05) 0.08 45/547 0.66 (0.42,1.03) 0.07
P-trend 0.34 0.27

*The multivariable model adjusted for age at baseline (continuous), BRCA mutation type (BRCA1 or BRCA2), country of residence (North America, Poland

or other) and parity (ever or never had a live birth; time-dependent).

carriers.'® A small study of 137 French-Canadian mutation
carriers reported weight gain since both ages 18 and 30
were associated with 4-fold increased risk of breast can-
cer."® In the most recent publication, Manders et al. re-
ported that high vs low body weight was associated with a
2.1-fold increased risk of post-menopausal, but not pre-
menopausal, breast cancer.'* These prior reports were all
retrospective and included a small number of BRCA muta-
tion carriers, and most did not account for menopausal sta-
tus or BRCA mutation type.

We observed no relationship between BMI at age 18 or
current BMI and risk of breast cancer among all women;
however, high BMI at age 18 decreased risk of post-meno-
pausal breast cancer. The findings were similar in women
with natural and surgical menopause, and in women diag-
nosed before and after age 50, suggesting menopausal sta-
tus is the most relevant effect modifier for BMI at age 18
and risk. These findings are in line with the World Cancer
Research Fund/American Institute for Cancer Research
Continuous Update Project Report, which concluded that
there is strong evidence that body fatness between ages 18

and 30years decreases risk for post-menopausal breast
cancer.® In a dose-response meta-analysis of 17 studies,
there was an 18% decreased risk of post-menopausal
breast cancer per § kg/m* (RR 0.82; 95% CI 0.76-0.88).°
There are several postulated mechanisms by which
obesity in early adulthood may protect against post-meno-
pausal breast cancer. First, an increased level of circulating
endogenous sex hormones early in life may result in earlier
differentiation of breast cells, and subsequently decrease
their susceptibility to neoplastic transformation upon ex-
posure to carcinogens.' Second, higher body weight at an
early age is associated with lower adult levels of IGF-1
compared with those who are thinner at an early age.
Lower levels of IGF-1 may confer lifetime protection
against breast cancer given higher circulating levels of IGF-
1 have been associated with increased cell proliferation
and carcinogenesis.”'” Lastly, larger body weight in early
life has been associated with lower mammographic dens-
ity, a well-established biomarker of breast cancer risk.>>"
It is plausible that increased body fat throughout early life

could confer lifelong protection that extends into the
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Table 4. Weight change since age 18 and risk of breast cancer among BRCA mutation carriers

Cases/total Age-adjusted HR P-value Cases/total Multivariable HR P-value
n (95% CI) " (95% CI)®
Weight change since age 18, kg
All subjects
>2.0 loss 18/300 0.77(0.43, 1.38) 0.38 18/300 0.75(0.42, 1.34) 0.33
2.0 loss and 2.0 gain 31/433 1.00 (Ref) Ref 31/433 1.00 (Ref) Ref
>2.0 and <10.0 gain 93/1067 1.11(0.74, 1.67) 0.62 93/1067 1.09 (0.72, 1.63) 0.70
>10.0 and <25.0 gain 121/1125 1.29 (0.86, 1.93) 0.22 121/1124 1.24 (0.82, 1.86) 0.31
>25.0 gain 29/393 0.87(0.51, 1.46) 0.59 29/393 0.82(0.49, 1.39) 0.47
P-trend 0.76 0.90
Pre-menopausal
>2.0 loss 15/219 0.96 (0.50, 1.85) 0.90 15/219 0.94 (0.49, 1.82) 0.87
2.0 loss and 2.0 gain 22/324 1.00 (Ref) Ref 22/324 1.00 (Ref) Ref
>2.0 and <10.0 gain 55/710 1.08 (0.66, 1.77) 0.77 551710 1.05 (0.64, 1.73) 0.84
>10.0 and <25.0 gain 66/595 1.51(0.92,2.46) 0.10 66/595 1.43 (0.87,2.34) 0.16
>25.0 gain 11/157 0.88(0.42,1.83) 0.73 11/157 0.83 (0.40, 1.73) 0.62
P-trend 0.50 0.65
Post-menopausal
>2.0 loss 3/81 0.36 (0.10, 1.33) 0.13 3/81 0.36 (0.10, 1.32) 0.12
2.0 loss and 2.0 gain 9/109 1.00 (Ref) Ref 9/109 1.00 (Ref) Ref
>2.0 and <10.0 gain 38/357 1.08(0.52,2.23) 0.84 38/357 1.07 (0.52,2.22) 0.85
>10.0 and <25.0 gain 551529 0.97(0.48, 1.97) 0.94 551529 0.97 (0.48, 1.96) 0.93
>25.0 gain 18/236 0.75(0.34, 1.67) 0.48 18/236 0.73(0.33, 1.63) 0.44
P-trend 0.83 0.79
BMI at age 18 <21 kg/m*
>2.0 loss 5178 0.86 (0.32,2.32) 0.77 5178 0.84 (0.31,2.27) 0.73
2.0 loss and 2.0 gain 18/271 1.00 (Ref) Ref 18/271 1.00 (Ref) Ref
>2.0 and <10.0 gain 62/710 1.22(0.72,2.07) 0.46 62/710 1.18 (0.70, 2.00) 0.54
>10.0 and <25.0 gain 971758 1.69 (1.01, 2.83) 0.04 971757 1.62 (0.97,2.71) 0.07
>25.0 gain 13/238 0.69 (0.33,1.42) 0.31 13/238 0.64 (0.31, 1.34) 0.24
P-trend 0.55 0.46
BMI at age 18 >21 kg/m?>
>2.0 loss 13/220 0.64 (0.30, 1.40) 0.27 13/220 0.64 (0.30, 1.38) 0.25
2.0 loss and 2.0 gain 13/161 1.00 (Ref) Ref 13/161 1.00 (Ref) Ref
>2.0 and <10.0 gain 31/351 0.96 (0.50, 1.84) 0.91 31/351 0.96 (0.50, 1.84) 0.90
>10.0 and <25.0 gain 24/361 0.67 (0.34, 1.33) 0.25 24/361 0.65(0.33,1.29) 0.22
>25.0 gain 16/154 1.08 (0.52,2.24) 0.85 16/154 1.06 (0.51,2.21) 0.88
P-trend 0.34 0.43

?The multivariable model has fewer participants due to missing observations for menopausal status (7 <2).

"The multivariable model adjusted for age at baseline (continuous), BRCA mutation type (BRCA1 or BRCA2), country of residence (North America, Poland

or other), parity (ever or never had a live birth; time-dependent) and menopausal status (pre-menopausal or post-menopausal; time-dependent). Menopausal sta-

tus was removed as a covariate from the multivariable model in the analysis stratified by menopausal status.

post-menopausal period. Given the early age of breast can-
cer diagnosis among women with a BRCA mutation, ear-
lier lifetime exposures may have a greater impact in
preventing disease whereas current or more recent expos-
ures may only influence the progression of already existing
(pre)neoplastic lesions among high-risk women.

We did not observe any effect of weight change since
age 18 on breast cancer risk. In the general population,
weight gain since age 18 increases risk of hormone
receptor-positive but not hormone receptor-negative breast
cancers.™® We found no interaction in our analysis

stratified by ER status; however, given that BRCA1 muta-
tion carriers typically present with hormone receptor-
negative breast cancers, the number of women with
ER+ tumours was small. Interestingly, among women with
a low BMI at age 18 (< 21 kg/m?), weight gain of 10-25 kg
since age 18 was associated with a 62% increased risk for
breast cancer compared with women who maintained
weight (P=0.07). There was no association among
women with a high BMI at age 18 (>21kg/m?). Although
this analysis was limited by the small number of women in
each stratum, these findings suggest that BMI in early
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Table 5. Height and risk of breast cancer among BRCA mutation carriers
Cases/total Age-adjusted HR P-value Cases/total Multivariable HR P-value
n (95% CI) n* (95% CI)®
Height, m
All subjects
<l.61 113/1094 1.13 (0.83, 1.54) 0.44 113/1094 1.12(0.82, 1.53) 0.47
1.61to <1.65 63/713 1.00 (Ref) Ref 63/713 1.00 (Ref) Ref
1.65 to <1.70 80/982 0.91(0.65, 1.27) 0.58 80/980 0.91 (0.66, 1.27) 0.59
>1.70 82/929 1.11 (0.80, 1.55) 0.53 82/929 1.12 (0.81, 1.56) 0.50
P-trend 0.68 0.77
BRCA1
<1.61 83/830 1.03 (0.73, 1.46) 0.86 83/830 1.03 (0.73, 1.46) 0.86
1.61to <1.65 52/579 1.00 (Ref) Ref 52/579 1.00 (Ref) Ref
1.65to <1.70 671797 0.91 (0.63, 1.30) 0.60 671795 0.92 (0.64,1.32) 0.63
>1.70 71/745 1.17(0.82, 1.68) 0.38 711745 1.19(0.83, 1.71) 0.34
P-trend 0.60 0.54
BRCA2
<1l.61 30/264 1.53(0.77, 3.06) 0.23 30/264 1.48 (0.74, 2.96) 0.26
1.61to <1.65 11/134 1.00 (Ref) Ref 11/134 1.00 (Ref) Ref
1.65 to <1.70 13/185 0.92 (0.41, 2.05) 0.83 13/185 0.91(0.41, 2.02) 0.81
>1.70 11/184 0.85(0.37, 1.96) 0.70 11/184 0.81 (0.35, 1.88) 0.63
P-trend 0.05 0.05
Pre-menopausal
<1.61 53/560 1.08 (0.70, 1.65) 0.73 53/560 1.08 (0.70, 1.65) 0.74
1.61to <1.65 35/402 1.00 (Ref) Ref 35/402 1.00 (Ref) Ref
1.65to <1.70 51/607 0.92 (0.60, 1.42) 0.72 51/607 0.94 (0.61, 1.45) 0.78
>1.70 49/627 0.93 (0.60, 1.44) 0.76 49/627 0.96 (0.62, 1.48) 0.84
P-trend 0.42 0.53
Post-menopausal
<1l.61 60/534 1.18 (0.75, 1.85) 0.47 60/534 1.17(0.75, 1.84) 0.49
1.61to <1.65 28/311 1.00 (Ref) Ref 28/311 1.00 (Ref) Ref
1.65 to <1.70 29/373 0.86 (0.51, 1.44) 0.56 29/373 0.86 (0.51, 1.44) 0.55
>1.70 33/302 1.46 (0.88,2.43) 0.14 33/302 1.44 (0.87, 2.40) 0.16
P-trend 0.78 0.83

*The multivariable model has fewer participants due to missing observations for menopausal status (n <2).

The multivariable model adjusted for age at baseline (continuous), BRCA mutation type (BRCA1 or BRCA2), country of residence (North America, Poland

or other), parity (ever or never had a live birth; time-dependent) and menopausal status (pre-menopausal or post-menopausal; time-dependent). BRCA mutation

type was removed as a covariate from the multivariable model in the analysis stratified by BRCA mutation type. Menopausal status was removed as a covariate

from the multivariable model in the analysis stratified by menopausal status.

adulthood may play an important role in weight gain and
risk of breast cancer.

The linear association between adult attained height and
breast cancer risk among women in the general population
has been attributed to an increase in circulating IGF levels
with increasing height.”'™** Similarly to our earlier retro-
spective study, we observed no relationship between height
Only
one other publication has evaluated the relationship be-

and the risk of BRCA-breast cancer in this analysis.'?

tween height and BRCA-breast cancer risk, which reported
an increased risk of breast cancer among post-menopausal
women with a height of >1.67m compared with women
with a height of <1.67 m; however, this study was retro-
spective and had a small sample size (7 =719)."*

The current study had several strengths including the
large number of unaffected women at the start of follow-
up, making this the largest prospective report of body size
and breast cancer in this high-risk population. Our bien-
nial follow-up allowed accurate updating of both expos-
ures and covariates, and the large sample size allowed
stratified analyses by menopausal status and BRCA muta-
tion type. Nevertheless, our study is not without limita-
tions. Given the long latency period of breast cancer
development, our follow-up time may not have been
lengthy enough to account for the latency period of this
disease. Only 88% of the incident cases were confirmed by
review of pathology reports; however, previous studies
have reported high sensitivity of self-reported breast
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cancer.”* We were less powered in the analysis stratified by
ER status, since this information was obtained for 75% of
the cases. Measurement bias on self-reported height and
weight, particularly recall of weight at age 18, is another
potential limitation; however, studies have demonstrated
high reliability of self-reported anthropometric meas-
ures.”*™*” We did not have information on other measures
of adiposity such as the waist-to-hip ratio or waist circum-
ference, which have been shown to be more accurate meas-
ures of adiposity. In addition, there remains the possibility
of residual confounding, as we did not have enough infor-
mation on other potential confounders such as physical ac-
tivity and socio-economic status. Lastly, the lack of linear
trend limits the interpretability of our findings.

In conclusion, we observed no association between
body size and breast cancer risk among all BRCA mutation
carriers overall. However, after stratification by meno-
pausal status, the inverse relationship between greater BMI
at age 18 and post-menopausal breast cancer supports an
important role of early rather than current or adulthood
exposures for BRCA-associated breast cancer develop-
ment. Although these findings stress the importance of
early prevention and lifestyle modification for BRCA mu-
tation carriers, the potential prevention implications for
this high-risk population requires further evaluation.
Future studies with longer follow-up and additional meas-
ures of adiposity are necessary to confirm these findings.
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