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Abstract

Background: The role of obesity and weight change in breast-cancer development is
complex and incompletely understood. We investigated long-term weight change and
breast-cancer risk by body mass index (BMI) at age 20years, menopausal status,
hormone replacement therapy (HRT) and hormone-receptor status.
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Methods: Using data on weight collected at three different time points from women who
participated in the European Prospective Investigation into Cancer and Nutrition (EPIC)
study, we investigated the association between weight change from age 20years until
middle adulthood and risk of breast cancer.

Results: In total, 150257 women with a median age of 51years at cohort entry were
followed for an average of 14years (standard deviation=3.9) during which 6532
breast-cancer cases occurred. Compared with women with stable weight (+2.5kg),
long-term weight gain >10kg was positively associated with postmenopausal
breast-cancer risk in women who were lean at age 20 [hazard ratio (HR)=1.42; 95%
confidence interval 1.22-1.65] in ever HRT users (HR=1.23; 1.04-1.44), in never HRT
users (HR=1.40; 1.16-1.68) and in oestrogen-and-progesterone-receptor-positive
(ER-+PR+) breast cancer (HR = 1.46; 1.15-1.85).

Conclusion: Long-term weight gain was positively associated with postmenopausal
breast cancer in women who were lean at age 20, both in HRT ever users and non-users,
and hormone-receptor-positive breast cancer.

Key words: long-term weight change, breast cancer, cohort study

Key Messages

* Long-term weight gain was positively associated with postmenopausal breast cancer in women who were lean at

age 20vyears, in hormone replacement therapy ever users and non-users.
* Long-term weight gain was positively associated with hormone-receptor-positive breast cancer.
* |t is important to avoid weight gain from young to middle adulthood for the prevention of postmenopausal breast cancer.

Introduction

Obesity in middle adulthood has been associated with
increased breast-cancer risk in postmenopausal women,'™
but adiposity from early life to menopause has been
inversely associated with postmenopausal breast-cancer in-
cidence.*’ Studies have reported that weight gain before
age 30 years is associated with lower breast-cancer risk in
both pre- and postmenopausal women®’ whereas weight
gain in middle adulthood has been associated with an in-
creased risk of postmenopausal but not premenopausal
breast cancer.” Weight loss after menopause has been
associated with reduced breast-cancer risk.*’

Weight change and breast cancer were previously
investigated in the European Prospective Investigation into
Cancer and Nutrition (EPIC) study with 5.8 years’ follow-
up.'® It reported that weight gain (>20kg) between age
20years and cohort entry was associated with increased
postmenopausal breast-cancer risk,'® restricted to non-
users of hormone replacement therapy (HRT) [hazard ratio
(HR)=1.52; 95% confidence interval 1.08-2.13]. There
was no association between weight gain and premeno-
pausal breast cancer. A subsequent analysis in the

EPIC-PANACEA study'' on weight change in middle
adulthood found evidence for a positive association
between high weight gain (0.83-4.98 kg/year) and preme-
nopausal breast cancer (HR=1.37; 1.02-1.85), but no
support for an association with postmenopausal breast-
cancer risk."!

With longer follow-up and more breast-cancer cases,
we re-evaluated the association between long-term weight
change and breast-cancer risk by investigating whether
body mass index (BMI) at age 20 years or HRT use modi-
fied this association, and whether there were differences
according to tumour hormone-receptor status or meno-
pausal status at diagnosis.

Methods

Study population

The EPIC study is a large prospective cohort including
>520000 adult participants (aged 20-99 years) from 10
European countries.'> Medical history and dietary and
lifestyle questionnaires were self-administered and anthro-

pometric measurements and blood samples obtained at
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enrolment (1992-2000). All participants gave their written
informed consents. Ethical approval was obtained from
the International Agency for Research on Cancer ethical
review board and from local ethical committees of the
EPIC centres. Since the present study included analysing
weight at age 20 years, which was only available for Italy,
the UK, Germany, Sweden, Denmark and Norway, the
data set was restricted to those countries. A flow chart de-
tailing the study population is provided as Supplementary
Figure 1, available as Supplementary data at IJE online.

Assessment of weight change

Weight at cohort entry was assessed by trained staff for all
countries except Norway, which collected self-reported
weight and height, and the UK, where weight and height
were either measured or self-reported. All countries
collected self-reported weight at age 20 years and weight at
follow-up. Follow-up was on average 14.2 years after base-
line in the current study. Weight change was calculated as
the difference between weight at cohort entry and weight
at age 20years using the difference between weight at
follow-up and weight at age 20 years as an update. Weight
change was categorized'® as follows: <-2.5, —2.5/4+2.5
(reference), 2.51-5, 5.1-10 and >10kg. Participants with
missing data for weight at age 20 years were excluded.

Assessment of menopausal status

Menopausal status at cohort entry was defined as follows:
women who reported fewer than four menses in the past
year or a bilateral ovariectomy were considered postmeno-
pausal. The rest of the women were considered pre/perimen-
opausal. In case of incomplete or missing questionnaire data,
women <S55 years old at cohort entry were considered pre/
perimenopausal and women >55 years old were defined as
postmenopausal.

Assessment of end point

Incident breast-cancer cases were identified through popu-
lation cancer registries or by active follow-up, including
health-insurance records, cancer and pathology registries
and contact with participants and their next-of-kin.
Censoring dates depended on the dates at which cancer
registries in each centre were considered complete. Women
were followed up from cohort entry until diagnosis of the
first incident cancer, death, emigration or end of follow-
up, whichever occurred first. Cancer cases were classified
according to the International Classification of Diseases
for Oncology 2nd Revision (ICD-O-2) and breast cancer
was defined as C50 (C50.0-C50.9). Information on

hormone-receptor status (i.e. oestrogen receptor, proges-
terone receptor) was available from pathology reports af-
ter 1997. These were classified as oestrogen-receptor-
positive  (ER+), (ER-),
ER+ progesterone-receptor-positive (ER+PR+) and ER-
progesterone-receptor-negative (ER-PR-) breast cancer.

oestrogen-receptor-negative

Since no data were available on menopausal status at diag-
nosis, age at diagnosis was used as a proxy. Premenopausal
breast cancer was defined as having a breast-cancer diag-
nosis at age <55 years and postmenopausal breast cancer
at age >55 years. Premenopausal breast cancer was studied
in women who were pre- or perimenopausal at cohort en-
try (referred to as ‘premenopausal’) and postmenopausal
breast cancer in all women.

Statistical analyses

Cox proportional-hazard models with time-dependent
covariates were used to estimate HRs and 95% confidence
intervals with age as the timescale. For women with no
follow-up information on weight, entry time was defined
as age at cohort entry and exit time as age at cancer diag-
nosis or censoring. For women with information from a
follow-up visit, we created two separate records for cohort
entry and follow-up, accommodating the corresponding
information on the time-dependent covariates. For the
cohort-entry record, entry time was age at cohort entry,
exit time was age on the day before the follow-up visit and
the status was non-case. For the follow-up record, entry
time was age at the follow-up visit and exit time was age at
cancer diagnosis or censoring. All analyses were stratified
by study centre and age at cohort entry (5-year categories).

Models were adjusted for the following lifestyle
characteristics collected at cohort entry: weight at age
20 years, height, age at menarche, age at first birth, number
of full-term pregnancies, education, alcohol consumption,
smoking status, physical activity, oral-contraceptive use
and HRT use (the categories are shown in Table 1). For
measuring physical activity, we used the Combined
Physical Activity Index based on cross-tabulation of
occupational activity by non-working activities cycling and
sports activities. "

Cross-classification

We divided BMI at age 20 years (BMl,) into BMI,, <25
and >25kg/m?. For the cross-classification on weight
change and BMI,, we generated a cross-classification vari-
able joining together the indicators of the groups of weight
change and BMI, and ran the same model with two differ-
ent reference categories: Reference 1 (BMI,, <25 kg/m?
and +2.5kg) and Reference 2 (BMI,,>25kg/m* and
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Table 1 Frequency distribution and mean values of covariates by weight change from age 20 years to baseline (n=150257)

Weight change in kilograms (kg)

Characteristics <-2.5 *2.5 2.5-5 5.1-10 10+ Total
(n=12313)  (n=23312) (n=17520) (n=133960) (n=63152) (n=150257)
Mean (s.d.)
Age at recruitment 48.7 (12.4) 45.9 (12.6) 48.7 (10.8) 50.8 (9.7) 53.3(8.4) 50.7 (10.5)
(years)
Weight aged 20 years 64.6 (10.1) 57.9(7.2) 56.6 (6.9) 56 (6.9) 56.1(7.9) 57.1(8)
(kg)
Height (cm) 163.8 (6.4) 164 (6.4) 163.8 (6.3) 163.6 (6.4) 163.7 (6.5) 163.7 (6.4)
n (%)
Age at menarche
(years)
<12 1699 (13.8) 2964 (12.7) 2133 (12.2) 4355 (12.8) 8931 (14.1) 20082
12 2287 (18.6) 4390 (18.8) 3333 (19) 6262 (18.4) 11 919 (18.9) 28191
13 3208 (26.1) 6380 (27.4) 4711 (26.9) 8766 (25.8) 15371 (24.3) 38436
14 2616 (21.2) 5227 (22.4) 3897 (22.2) 7873 (23.2) 14 069 (22.3) 33682
>14 2240 (18.2) 3943 (16.9) 3082 (17.6) 5973 (17.6) 11470 (18.2) 26708
Missing 263 (2.1) 408 (1.8) 364 (2.1) 731 (2.2) 1392 (2.2) 3158
Age at first birth (years)
<20 750 (6.1) 1320 (5.7) 1211 (6.9) 2759 (8.1) 6791 (10.8) 12 831
20-30 6756 (54.9) 12721 (54.6) 10864 (62) 22750 (67) 43901 (69.5) 96 992
>30 1126 (9.1) 2128 (9.1) 1702 (9.7) 2873 (8.5) 4712(7.5) 12 541
Nulliparous 3474 (28.2) 6761 (29) 3474 (19.8) 5106 (15) 6950 (11) 25765
Missing 207 (1.7) 382 (1.6) 269 (1.5) 472 (1.4) 798 (1.3) 2128
Number of full-term pregnancies
Nulliparous 3474 (28.2) 6761 (29) 3474 (19.8) 5106 (15) 6950 (11) 25765
1 2014 (16.4) 3531 (15.2) 2788 (15.9) 5378 (15.8) 9612 (15.2) 23323
2 4176 (33.9) 8202 (35.2) 7057 (40.3) 14 515 (42.7) 27130 (43) 61080
3 1842 (15) 3329 (14.3) 3038 (17.3) 6477 (19.1) 13416 (21.2) 28102
4 470 (3.8) 886 (3.8) 726 (4.1) 1649 (4.9) 3999 (6.3) 7730
5 118 (1) 204 (0.9) 144 (0.8) 326 (1) 1022 (1.6) 1814
>5 42(0.3) 64 (0.3) 9(0.3) 120 (0.4) 439 (0.7) 724
Missing 177 (1.4) 335 (1.4) 234 (1.3) 389 (1.2) 584 (0.9) 1719
Education
None 63 (0.5) 94 (0.4) 61(0.4) 174 (0.5) 445 (0.7) 837
Primary school 2376 (19.3) 3217 (13.8) 2950 (16.8) 7012 (20.7) 18 730 (29.7) 34285
Technical/professional 3629 (29.5) 6670 (28.6) 5645 (32.2) 11 567 (34.1) 22 113 (39) 49 624
school
Secondary school 1966 (16) 4440 (19) 2988 (17.1) 5621 (16.5) 8871 (14.1) 23886
University degree 3386 (27.5) 7359 (31.6) 4782 (27.3) 7346 (21.6) 9245 (14.6) 32118
Missing 893 (7.2) 1532 (6.6) 1094 (6.2) 2240 (6.6) 3748 (5.9) 9507
Alcohol consumption (glass/day)
Non-drinkers 190 (1.5) 237 (1.0) 171 (1.0) 2172 (1.5) 1168 (1.9) 2172
1 glass/day 9566 (77.7)  17927(76.9) 13570 (77.5) 115848 (77.1) 48804 (77.3) 115848
>1 glass/day 2417 (19.6) 4970 (21.3) 3580 (20.40) 30529(20.3) 12405 (19.6) 30529
Missing 140 (1.1) 178 (0.8) 199 (1.1) 1708 (1.1) 775 (1.2) 1708
Smoking status®
Never 5521 (44.8) 12 325 (52.9) 8750 (49.9) 16 802 (49.5) 30173 (47.8) 73571
Former 2648 (21.5) 4968 (21.3) 4308 (24.6) 8616 (25.4) 17 328 (27.4) 37 868
Current 3703 (30.1) 5290 (22.7) 3874 (22.1) 7365 (21.7) 13447 (21.3) 33679
Missing 441 (3.6) 729 (3.1) 588 (3.4) 1177 (3.5) 2204 (3.5) 5139

(Continued)
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Table 1 Continued

Weight change in kilograms (kg)

Characteristics <=2.5 *2.5 2.5-5 5.1-10 10+ Total
(n=12313)  (n=23312) (n=17520) (n=33960) (n=63152) (n=150257)

Physical activity”
Inactive 2109 (17.1) 3383 (14.5) 2649 (15.1) 5598 (16.5) 13334 (21.1) 27073
Moderately inactive 3668 (29.8) 7411 (31.8) 5551 (31.7) 10 914 (32.1) 21106 (33.4) 48 650
Moderately active 3697 (30) 7414 (31.8) 5757 (32.9) 10877 (32) 17 844 (28.3) 45589
Active 2620 (21.3) 4778 (20.5) 3269 (18.7) 5924 (17.4) 9686 (15.3) 26277
Missing 219 (1.8) 326 (1.4) (1.7) 647 (1.9) 1182 (1.9) 2668
Oral-contraceptive use
Never 4484 (36.4) 7155 (30.7) 5540 (31.6) 11 866 (34.9) 25906 (41) 54951
Ever 7686 (62.4) 15937 (68.4) 11 824 (67.5) 21683 (63.9) 36 531 (57.9) 93 661
Missing 143 (1.2) 220 (0.9) 156 (0.9) 411 (1.2) 715 (1.1) 1645
Menopausal status at

baseline
Premenopausal 5221 (42.4) 11760 (50.5) 5540 (31.6) 11473 (33.8) 14279 (22.6) 50122
Perimenopausal 1802 (14.6) 3446 (14.8) 11824 (67.5) 6691 (19.7) 13367 (21.2) 28384
Postmenopausal 5290 (43) 8106 (34.8) 156 (0.9) 15796 (46.5) 35506 (56.2) 71751
Hormone replacement

therapy
Never 8740 (71) 17135 (73.5) 11832 (67.5) 21 556 (63.5) 37695 (59.7) 96 958
Ever 2819 (22.9) 4783 (20.5) 4361 (24.9) 9907 (29.2) 20602 (32.6) 42472
Missing 754 (6.1) 1394 (6.0) 1327 (7.6) 2497 (7.4) 4855 (7.7) 10 827

“Never/former (quit <10, 11-20 and >20 years ago)/current (current and pipe/cigar smoking, current and 1-15, current and 16-25, and >26 cigarettes/day,

missing).

Combined Physical Activity Index—using cut-points determined in Cambridge in a heart-rate-monitoring validation study and categorizes the population into

four activity levels based on a cross-tabulation of occupational activity in four categories by cycling and sports activities (aerobics, swimming and jogging).

+2.5kg). We presented estimates for BMI,,>25 kg/m”
with both reference categories to examine whether the
smaller effect of weight gain for BMI,o >25kg/m?* was
due to an already higher risk in this group compared with
BMI, <25 kg/m?. For the cross-classification on weight
change, BMI,;, and menopausal hormone therapy, we
generated a cross-classification variable pasting together
the indicators of the groups for weight change, BMI,, and
HRT, and ran the model with four different reference
groups: Reference 1 (BMIo<25kg/m?, +2.5kg in
non-users); Reference 2 (BMIy,>25kg/m?, *2.5kg
in non-users); Reference 3 (BMI,, <25 kg/m?, *2.5kg in
HRT users); Reference 4 (BMI,,>25kg/m?, +2.5kg
in HRT users).

The p-value for the interaction term was obtained using
the likelihood-ratio test comparing a cross-classification
model with a model without the cross-classification.
A test for linear trend (p-trend) was performed by
fitting ordinal values corresponding to exposure catego-
ries and testing whether the slope coefficient differed
from zero. A two tailed p-value of <0.05 was considered

statistically significant. All statistical analyses were
performed using Stata 13.1 (StataCorp, College Station,
TX, USA).

Results

In total, 150257 women with a median age of 51 years
(age range 20-99) at cohort entry were followed for an av-
erage of 14 years (standard deviation=3.9 and a total of
2133 649 person-years) (Supplementary Table 1, available
as Supplementary data at IJE online). At cohort entry,
78506 (52.3%) were pre- or perimenopausal and 71751
(47.7%) were postmenopausal. Follow-up weight was
available for 92 047 women. During follow-up, there were
6352 incident breast-cancer cases overall, which included
1461 premenopausal breast-cancer cases in women
who were pre-/perimenopausal at cohort entry, 1388
postmenopausal breast-cancer cases in women who were
pre-/perimenopausal at entry and 3503 postmenopausal
breast-cancer cases in women who were postmenopausal
at cohort entry (Supplementary Figure 1, available as

Supplementary data at IJE online).
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More than 50% of the women from Italy, Denmark
and Sweden gained >10kg from age 20years to cohort
entry. The frequency of weight loss was highest in the
UK (11.2%) and between 6.1% and 7.3% in other centres.
We observed the same pattern of weight distribution
by country for both pre- and postmenopausal women,
although more postmenopausal women gained >10kg
(Supplementary Table 2, available as Supplementary data
at IJE online).

Women who gained >10kg were more likely to have a
younger age at menarche and at first birth, two or more
children, lower education and lower body weight at age
20years, to be older at cohort entry, a former smoker
and more likely to have used HRT compared with stable-
weight women (2.5 kg) (Table 1).

There was no association with the risk of premeno-
pausal breast cancer, but there was a positive association
of postmenopausal breast cancer in postmenopausal
women gaining 5-10kg (HR=1.16; 1.02-1.33) and in
both women who were pre- (HR=1.29; 1.07-1.55) and
postmenopausal at baseline (HR =1.33; 1.18-1.50) and
gained >10kg compared with stable-weight women
(Table 2).

Overall weight change was not associated with risk of
premenopausal breast cancer (Table 3). For postmeno-
pausal breast cancer, weight gain was associated with 24%
(5-47%) and 42% (22-65%) increased risk in women
who were lean at age 20years who gained 5-10 and
>10kg, respectively, compared with lean women at age
20 years with stable weight.

In never HRT users, weight gain >10 kg was associated
with increased postmenopausal breast-cancer risk
(HR=1.40; 1.16-1.68) compared with stable weight
(Table 4). In HRT ever users, weight gain >10kg was
also associated with an increased breast-cancer risk
(HR =1.23; 1.04-1.44) compared with those with stable
weight. In ever HRT users who were lean at age 20 years,
weight gain >5 kg was positively associated with risk of
postmenopausal breast cancer compared with stable
weight (5.1-10kg; HR=1.23; 1.01-1.51) (>10kg;
HR =1.31; 1.08-1.58) (Table 5a). There was no evidence
for an association of weight gain with the risk of postmen-
opausal breast cancer in women overweight at age 20 years
when compared with women with stable weight in the
same category by BMI at age 20years and HRT use
(Table 5a). Compared with never HRT users with BMI,q
<25kg/m? and stable weight, weight gain >10kg was
positively associated with postmenopausal breast-cancer
risk in women who were lean (HR=1.52; 1.24-1.86) or
overweight at age 20 years (HR = 1.50; 1.23-1.84) in never
HRT users and in all HRT users (Table S5b).

Table 6 shows HR estimates for weight change and
breast-cancer risk by hormone-receptor status. Weight
gain >10kg was associated with a 24% increased risk
(6-44%) of ER+ and a 46% increased risk (15-85%) of
ER+PR+ breast cancer compared with women with stable
weight and the same receptor status. Associations with
weight gain for hormone-receptor-negative breast-cancer
subtypes were similar to those for hormone-receptor-
positive subtypes, but estimates were imprecise.

Discussion

In this large cohort of women from six European countries,
long-term weight gain was not associated with premeno-
pausal breast cancer, but was positively associated with
postmenopausal breast-cancer risk overall in women who
were lean at age 20 years, and in HRT users and non-HRT
users, with the strongest association in non-HRT users
who were lean at age 20 years. Weight gain was associated
with an increased risk of ER+ and ER+PR+ breast cancer
with similar associations for hormone-receptor-negative
subtypes.

Compared with the previous EPIC analyses on long-
term weight change, the current study had longer follow-
up, included more breast-cancer cases and had weight at
follow-up in addition to weight at age 20 years and cohort
entry. Our finding of a positive association between long-
term weight gain and postmenopausal breast cancer is in
line with evidence from several studies.”'*'*'” An earlier
EPIC analysis on weight change from age 20 years to co-
hort entry with 1358 cases reported that only in non-HRT
users was weight gain >15 kg associated with an increased
postmenopausal breast-cancer risk compared with stable
weight.'® The current study observed associations between
weight gain and risk of breast cancer in both HRT users
and non-HRT users. The effect of weight gain on postmen-
opausal breast-cancer risk was strongest in non-HRT users
in the current study. This finding is in agreement with the
results from the previous EPIC analysis on adult weight
change and risk of breast cancer.'” A major new result
with respect to the previous analysis in EPIC is that weight
gain was associated with postmenopausal breast cancer in
non-HRT users who were lean at age 20 years.

Consistently with our findings, a meta-analysis of 16
studies on weight gain reported a 7% increased risk (95%
confidence interval 5-9%) of postmenopausal breast can-
cer per 5-kg weight gain.'® Another cohort study (breast-
cancer cases =900/n=28153) reported that weight gain
before or around menopause was associated with a
38-69% increased breast-cancer risk, but there was no
clear risk increase associated with later weight gain.'® The
National Institutes of Health-AARP Diet and Health Study
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Table 4 Cross-classification of weight change and hormone replacement therapy (HRT) use in postmenopausal women

(n=66479)

Postmenopausal (7= 66 479/ca =3409)¢

Never HRT users (ca=1369) Ever HRT users (ca =2040)¢ Ever HRT users®
Weight change (kg) Cases (n) HR? 95% CI Cases (n) HR 95% CI HR 95% CI
<-2.5 88 0.99 0.75 1.32 114 1.55 1.17 2.04 0.99 0.76 1.28
+2.5 134 1.00 Ref. 187 1.57 1.25 1.97 1.00 Ref.
2.51-5 104 1.07 0.83 1.38 192 1.82 1.45 2.27 1.16 0.94 1.42
5.1-10 256 1.01 0.81 1.25 481 1.85 1.52 2.26 1.18 0.99 1.41
10+ 787 1.40 1.16 1.68 1066 1.92 1.60 2.32 1.23 1.04 1.44
P-int® <0.0001

Stratified by centre and age at recruitment (categorical 5-year interval) and adjusted for weight at age 20 years, height, age at menarche, number of pregnan-

cies, age at first pregnancy, education, alcohol consumption, smoking status, physical activity, use of oral contraceptives and menopausal hormone therapy.

bP.int = P for interaction using likelihood-ratio test comparing cross-classification model (weight change*HRT) with a model including HRT and weight

change as separate variables.

€Out of 71751 postmenopausal women at cohort entry, there were 66479 with information on HRT. Of all the 4891 postmenopausal breast-cancer cases,

3409 had information on HRT.
9This column has never HRT users and *2.5 kg as reference group.
“This column has ever HRT users and *2.5 kg as reference group.
95% CI, 95% confidence interval; HR, hazard ratio.

cases=2,111/n=99039)
weight gain from age 18 years to middle adulthood was as-

(breast-cancer reported that

sociated with increased risk of postmenopausal breast can-
cer in non-HRT users.'®

In disagreement with our result of no association of long-
term weight gain with risk of premenopausal breast cancer,
the Premenopausal Breast Cancer Collaborative Group
found an inverse association between BMI and premeno-
pausal breast cancer, with the strongest association for BMI
at age 18-24 years." Results were similar in a meta-analysis
of 13 studies on adult weight gain reporting that greater
early adult BMI was inversely associated with premeno-
pausal breast cancer.'® A recent pooled study of 17 prospec-
tive cohort studies from the Premenopausal Breast Cancer
Collaborative Group found that weight gain from 18-24 to
35-54years was inversely associated with premenopausal
breast cancer (HR per 5kg=0.96; 0.95-0.98) and with
ER+ breast-cancer risk (HR per 5 kg = 0.96; 0.94-0.98).2°

An earlier EPIC-PANACEA study on shorter-term
weight change in middle adulthood'! reported a positive
association between high weight gain (0.83-4.98 kg/year)
and premenopausal cancer (HR=1.37; 1.02-1.85) and
no association with postmenopausal breast cancer
(HR=1.07; 0.96-1.20).1' Further, The Nurses’ Health
Study reported that the association of short-term (4-year)
weight gain was stronger for premenopausal women
(RR 1.38; 1.13-1.69) than for postmenopausal women
(RR 1.10; 0.97-1.25).2"!

The inconsistent findings between the current study and
the EPIC-PANACEA study indicate a difference between

the effect of longer-term and shorter-term weight change
on risk of breast cancer. Compared with the current study,
the EPIC-PANACEA study looked at weight gain at a later
time point in life (women aged 40-50 years). One possible
explanation for the contradictory findings could be that
weight gain in middle adulthood leads to a different fat de-
position than weight gain earlier in life, with more intra-
abdominal fat gain in middle adulthood.**~**

Our findings for weight gain and risk of ER+ and
ER+PR+ breast cancer, as well as ER— and ER-PR- breast
cancer, are in line with several findings in other studies
reporting no evidence for heterogeneity by hormone-

11,1625 and a previous EPIC analysis

receptor status
investigating the relationship between BMI, HRT and
breast-cancer risk by age and hormone-receptor status.>®

Oestrogens are considered to stimulate ductal growth
and cell proliferation of breast epithelial cells?” and high
levels of serum oestrogens for a given age are associated
with an increased risk of breast cancer among postmeno-
pausal women®”**® but not among premenopausal women
because of the complexity of measuring the cyclic variation
of oestrogens.*”*°

One possible explanation for our findings could be due
to periods of hormonal changes through life (i.e. menarche,
pregnancy and menopause) and the different role that
body fat plays at different stages. During a menstrual cycle,
fat tissue is involved in regulating hormones (oestrogen
and progesterone) that make up the menstrual cycle.
Premenopausal women with a high BMI have more anovu-

lations, lower oestrogen levels during the anovulatory
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Table 5a Cross-classification by weight change, body mass index at age 20 years (BMI20) and hormone replacement therapy

(HRT) with the same BMI and HRT status as reference

Postmenopausal (7 =66 479/ca= 3409)°

Never HRT users (n=33 531)

Ever HRT users (n=32 948)

BMI20 <25 kg/m?* ca = 939

BMI20 >25 kg/m? ca =430

BMI20 <25 kg/m* ca=1412  BMI20 >25 kg/m?* ca= 628

Weight Cases HR? 95% CI Cases HR 95% CI Cases HR 95% CI Cases HR 95% CI
change (kg)  (n) (n) (n) (n)

<-2.5 28 091 0.64 1.30 60 0.88 0.60 1.28 50 0.94 0.68 1.29 64 1.07 0.67 1.73
*2.5 81 1.00 Ref. 53 1.00 Ref. 111 1.00 Ref. 76  1.00 Ref.
2.51-5 60 1.14 0.88 1.47 44 092 0.64 132 119 1.16 092 146 73 139 091 211
5.1-10 183 123 0.98 1.54 73 0.81 0.59 1.10 347 1.23  1.01 1.51 134 1.30 0.90 1.86
10+ 587 152 124 186 200 1.05 0.80 1.37 785 1.31 1.08 1.58 281 133 095 1.87

Stratified by centre and age at recruitment (categorical S-year interval) and adjusted for weight at age 20 years, height, age at menarche, age at first pregnancy,

education, alcohol consumption, smoking status, physical activity and use of oral contraceptives.

®Out of 71751 postmenopausal women at cohort entry, 66479 women had informaton on BMI at age 20years and HRT. Out of 4891 postmenopausal

breast-cancer cases, 3409 breast-cancer cases had information on BMI at age 20 years and HRT.

95% CI, 95% confidence interval; HR, hazard ratio.

Table 5b Cross-classification by weight change, body mass index at age 20 years (BMI20) and hormone replacement therapy

(HRT)
Postmenopausal (7 =66 479/ca= 3409)°
Never HRT users (=33 531) Ever HRT users (n =32 948)

BMI20 <25kg/m* ca=939  BMI20>25kg/m* ca=430  BMI20<25kg/m*ca=1412  BMI20>25 kg/m* ca= 628
Weight Cases HR? 95% CI Cases HR 95% CI Cases HR 95% CI Cases HR 95% CI
change (kg)  (n) (n) (n) (n)
<-2.5 28 091 0.64 1.30 60 1.26 0.89 1.79 50 1.59 114 221 64 1.55 1.03 232
*2.5 81 1.00 Ref. 53 144 1.05 196 111 1.69 133 216 76 144 0.99 2.09
2.51-5 60 1.14 0.88 147 44 132 095 1.82 119 1.96 154 2.50 73 2.00 1.44 276
5.1-10 183  1.23 098 1.54 73 116 0.90 1.50 347 2.09 169 259 134 1.86 1.46 2.38
10+ 587 152 124 186 200 1.50 1.23 1.84 785 222 181 271 281 191 1.56 2.35

Stratified by centre and age at recruitment (categorical S-year interval) and adjusted for weight at age 20 years, height, age at menarche, age at first pregnancy,

education, alcohol consumption, smoking status, physical activity and use of oral contraceptives.

"Out of 71751 postmenopausal women at cohort entry, 66479 women had informaton on BMI at age 20years and HRT. Out of 4891 postmenopausal

breast-cancer cases, 3409 breast-cancer cases had information on BMI at age 20 years and HRT.

95% CI, 95% confidence interval; HR, hazard ratio.

cycles and lower progesterone levels in the luteal phase
than leaner women.?" At menopause, surplus fat in the
body leads to an excess of plasma levels of oestrogens and
low levels of sex-hormone-binding globulin. Subcutaneous
fat has higher concentrations of aromatase (the enzyme
that converts precursors to estradiol) and therefore high
levels of subcutaneous fat are more associated with
elevated oestrogens in postmenopausal women than are
high levels of visceral fat.

Another possible explanation could be that there are
differences in the location of fat deposition before and after
menopause that have different effects on the breast.

A major strength of the current study is that weight
assessment was standardized. Another strength is the
assessment of weight at three different time points and the
follow-up information on most of the covariates. A limita-
tion of the study is that data on menopausal status at
diagnosis were not available and therefore age at diagnosis
was used as a proxy. This could have led to misclassifica-
tion of menopausal status at breast-cancer diagnosis.
Weight assessments at age 20years and follow-up were
self-reported, which could have led to misclassification
of weight change. However, validation studies have
been done in centres where weight at cohort entry was
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Table 6 Hazard ratio (HR) estimates of weight change from age 20 years to baseline and risk of breast cancer overall by hor-

mone-receptor status (n= 150 257)

ER+ca=2190 ER—° ca =492 ER+PR+4 ca=1062 ER-PR-° ca =330
Weight Cases (7) HR? 95% CI Cases (n) HR 95% CI Cases ()  HR 95% CI Cases (n) HR 95% CI
change (kg)
<-2.5 103 0.85 0.66 1.09 29 0.93 0.56 1.54 44 0.82 0.54 1.25 19 0.95 0.49 1.83
*2.5 219 1.00 Ref 49 1.00 Ref 100 1.00 Ref 30 1.00 Ref
2.51-5 205 1.17 0.97 1.42 47 1.07 0.70 1.62 99 1.69 127 2.24 33 1.13 0.66 1.94
5.1-10 454 1.01 0.85 1.20 116 1.32 0.93 1.87 234 1.29  0.99 1.67 79 1.54 0.99 2.40
10+ 1209 1.24 1.06 1.44 251 1.26 091 1.73 585 146 1.15 1.85 169 1.44 0.95 2.18
P-trend <0.0001 0.06 0.002 0.03

Stratified by centre and age at recruitment (categorical S-year interval) and adjusted for weight at age 20 years, height, age at menarche, age at first pregnancy,

education, alcohol consumption, smoking status, physical activity, use of oral contraceptives and hormone replacement therapy.

PER+ = estrogen-receptor-positive breast cancer.

“ER- = estrogen-receptor-negative breast cancer.

9ER+PR+ = estrogen-and-progesterone-receptor-positive breast cancer.
°ER-PR- = estrogen-and-progesterone-receptor-negative breast cancer.
95% CI, 95% confidence interval.

both self-reported and measured, and showed good agree-
ment between self-reported and measured weight.**>* It is
likely the same for self-reported weight at follow-up in the
current study. However, we cannot rule out the possibility
of misclassification. As the current study is a prospective
cohort study, it is unlikely that this possible misclassifica-
tion is related to breast-cancer occurrence. Another limita-
tion is the unavailability of data on changes in waist
circumference, which could have been a better predictor of
breast-cancer risk.>’

Conclusion

Our findings show that long-term weight gain was
associated with increased postmenopausal breast-cancer
risk in women who were lean at age 20years, HRT

users and non-users, and hormone-receptor-positive

breast cancer.
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